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INCREASE OF EFFICIENCY OF DESULFURIZATION OF COALS
OF THE DIFFERENT GENETIC TYPE BY REDUCTIVITY

Rational usage of coals with high content of sulfur is very important problem for Donetsk basin, because
near 70 % of coal stock contains more than 3 % of sulfur. Content of sulfur is important criteria of fuel qual-
ity that is connected with genetic type of coals by reductivity.

Three pairs of Donetsk low-rank bituminous coals of different genetic type (reduced coal-RC and low-
reduced coal-LRC) were studied in this work. A comparative study of thermal destruction process of RC and

LRC coals and distribution of sulfur in the semi-coking products has been carried out.

Introduction

As well known, a high content of sulfur in coals
is an effect of the geological history of coal layer
formation and one of the most important criterions
of their use as a fuel. The content of sulfur in coals
is causing a serious environmental and technologi—
cal problem during their utilization. This problem is
very actual for Donetsk Basin because 734 mined
seams out of the total of 1009 (73 %) is comprised
of coals with sulfur content ~2 % (Fig. 1).
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Fig. 1. Distribution of coals of Donetsk basin by content of
sulfur

The problem of searching of the ways of coals des-
ulfurization stands before scientists. In order of effec—
tively manage the obtaining of thermal destruction
products of coals (i.e. semi-coke, coke [1], adsorbent
[2], soluble coal products [3], and also tar and gas [4])
and simultaneously utilize coal wastes, chemical pre—
treatment of coals as a first stage of their processing is
widely used now. Treating coals by various chemicals
and changing conditions of the appropriate reactions, it
is possible to influence the character of thermochemi-
cal transformations of coals and consequently the tech—
nological process operation. However, the theoretical
aspects of coal modification as well as the chemical
side of thermal destruction process are investigated in-
sufficiently to predict concrete ways of coal pretreat-
ment. Developments of pretreatment methods for high-
sulfur low rank coals are especially desirable for reduc—
tion of the sulfur content in solid products.
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The aim ofthis study was to investigate the influ-
ence of coal genetic type and coal pretreatment on the
yield and composition of semi-coking products and
sulfur distribution between different components.

Experimental

Experiments were carried out on the low rank bi-
tuminous coals (~76-79 % Cdaf) ofreduced (RC) and
low-reduced (LRC) types of Donetsk basin. The total
organic carbon content (C o, wt % of rock) was
measured on a Leco carbon analyzer. The petrograph-
ic, proximate and ultimate analysis of the samples,
including the total (St), organic (S°), pyrite (SP) and
sulfates (Ss) sulfur were carried out using standard
procedures. Chemical treatment of coals carried out
directly before the thermal destruction by introduc—
tion of 1-% solutions of the radical polymerization
initiator (acrylic acid dinitrile C8HI12N4 - AAD) and
products of coal-tar distillation (absorber oil). The
thermal behavior of coals was studied by means of
classical Fisher method (heating up 520 °C with speed
7 °C/min). The composition of the semi-coking gas
was investigated by means of gas analyzer VTI.

Results and discussion

Characteristics of the coals are summarized in
Table 1, 2. As it can be seen from Table 1, investi—
gated coals are petrographically homogeneous, since
the content of the vitrinite reaches 80-89 %. Samples
of reduced coals (RC) are distinguished by lower
value of vitrinite reflectance (R0, r), higher content of
inertinite and lithotype with finely crystalline pyrite.

Proximate and ultimate analyses showed distinc-
tion in the structure of the coals by different genetic
type (Table 2): samples of reduced coals (RC) are
distinguished from low-reduced coals corresponded
to the same degree of coalification by higher H/C
ratio and yields of volatile matter and by higher So,
Sp~ and total sulfur contents. Organic sulfur S © for
studied coals is the main form of sulfur [5].



10

HAYKOBI BAITUCKMU. Tom 79. XimiuHi Hayku i TexHoOri1

Table 1. Yitrinite reflectance and petrographic composition of studicd coals

s | s | w8 [ e e e, | i i il
Vit L 1

1 Cheluskintsey, 1 LRC 0,71 87 8 5 2 3

2 Trudovskaya, 1, LRC 0,35 86 3 9 11 6

3 Kurakhovskaya, 1, LRC 0,60 39 7 4 3 4]

I’ Ulkraine, k, RC 0,37 83 6 11 11 30

2 Trudovskaya, k, RC 0,49 80 8 12 4 34
3 Kurakhovskava, 1, RC 0,32 80 Y 11 7 63

fable 2. Characteristics of initial coals, wt. %

Ne | Type | we | oAl o (S HY | (O+seNy | 80 5 s ' | HAC, atm
1 LRC 0.8 2.4 33.0 79.3 4,94 15.8 2,17 0,04 0,11 2,02 0,75
2 LRC 1,0 1.6 373 784 4,95 16,7 1.03 0,01 0,08 0.96 0,76
3 LRC 9.4 33 372 79,3 3,07 15,6 1,04 0,12 0,07 0,83 0,77
I RC 1,3 9.9 41,8 77.9 3,30 16,8 287 0,11 0.80 1,96 0,82
2 RC 0,9 4.6 46,2 76,1 343 18,3 585 0,05 0,71 5,00 0,86
3 RC 3.5 8.0 43.0 76.1 3,22 18,7 5,60 0,02 2,44 3,14 0.82

Table 3. Yield of the semi-coking products for the initial and chemically treated coals, % ¢

o Type In.‘itiul coal ;—\A’D trcatct! Oi.l trcatct?

" Semi-coke [ Water Tar (Gas | Semi-coke | VWater Tar Gas Semi-coke | Water Tar Gas
1 LRC 63.3 13,6 6.7 | 16,2 70,9 9,5 72 | 124 70,0 10,5 | 11,9 7.6

2 LRC 64,8 17,3 9.0 87 64.8 164 | 12,3 | 6,3 66,3 144 | 10,3 9.0
3 LRC 71.9 7.2 39 | 150 80,7 2.3 11,8 5 — - -
I' RC 62.3 113 | 129 ] 133 66,3 9.0 104 | 14,3 64,3 7.3 11,3 17,1
2 RC 62,1 10,7 | 143 [ 129 634 9.6 M8 | 152 04,7 9.6 138 | 11,9
¥ RC 65,7 8.2 58 1203 732 0.4 90 | 114 - - - -

The systematic research of processes semi-cok—
ing of low-rank bituminous coals of different ge—
netic types by reductivity was carried out without or
in the presence of chemical reagent (Table 3). The
way of chemical pretreatment was chosen proceed—
ing from results of research of structural-chemical
transformations of coal under thermodestruction
[6]. This process consists of competing reactions:
destruction and synthesis, which are based on the
freely radical mechanism. As the radical polymeri—
zation initiator was used acrylic acid dinitrile (AAD)
to affect the run ofradical reactions. The choice of
second reagent was based on representation that
coking ability of coals is connected to their ability to
form liquid products of thermal decomposition,
which are not evolve enough during thermodestruc—
tion of low-rank and not conglomerated coals. In
this connection absorber oil (products distillation of
coal tar) was used for pretreatment of coals.

Semi-coking of reduced coals leads to a
considerable increase in the yield ofliquid products,
volatile yield comparing with low-reduced coals.
Coal pretreatment results in increase of the semi—
coke yield and changes of liquid/gaseous products

ratio. This process is especially pronounced for
semi-coking of pretreated low-reduced coals:
increase ofthe yield of tar and semi-coke, decrease
of the yield of semi-coking gas are observed [7].
Semi-coking of low-rank coals in the presence of
chemical reagent allows assuming that it is possible
to manage an yield of valuable products.

The characteristics of initial coals and semi-
cokes obtained are summarized in the Table 4. As
can be seen from this table, the decrease in yields of
volatile matter (Vdaf) and total sulfur content for
semi-cokes from reduced coals are higher than for
semi-cokes from low-reduced coals. LRC results in
powder-like semi-cokes when RC results in strong
enough fritted semi-cokes [8].

Diagram of distribution of the forms of sulfur in
solid products by pyrolysis (Fig. 2) showed effect of
desulfurization of semi-cokes. Content of total (S ),
organic (S 0) and pyrite (S P) sulfur decreases in the
greater extent for reduced coals. This effect becomes
more evident after chemical pretreatment of coals,
peculiarly in presence of the absorber oil. This is a
positive moment of thermal destruction of coals
with high content of sulfur.



Turchanina O. N., Butuzova L. F., Volovod A. D. Increase of efficiency of desulfurization of coals of the different ...

Iable 4. The characteristic of initial coals and semi-cokes, wt. %o
% | emeoke | T A ver " co | ke
1 coal LRC 242 356 2,17 79.30 4,94
semi-coke 3,40 13.8 1,40 87.81 361 powder-like
coal LRC 1,60 37.3 1.05 78,40 4,95
2 semi-coke 2.86 13.0 1.03 88.83 3.19 powder-like
3 coal LRC 3.30 37.2 1.04 79.30 5,07
semi-coke 134 18.9 1,00 85.01 3,18 powder-like
, coal RC 9.95 41.8 2.87 77.90 5,30
I semi-coke 12,6 12.9 2,40 80,78 3,07 fritted
! coul RC 4.64 46,2 5,83 76,10 543
semi-coke 7.30 12.6 2,90 8328 3,36 fritted
, coal RC 8.60 43.0 5,60 76.10 5722
3 semi-coke 910 15,0 1,40 87.71 321 fritted
Table 5. Composition and heat of combustion of semi-coking gas, ml/g
Ne | Type | Treatment HS o, C H, co H, CH, Q. kJm?®
- 9,07 30,61 5,18 22,19 12,63 82.28 23 164
I | LRC AAD 10,71 13,64 4,12 19,42 10,11 75.03 25206
oil 11.21 7.50 2,50 9.39 0,76 40,22 23355
- 2,73 11,48 2.87 14.77 20,30 37,83 24 346
2 | LRC AAD 2.80 10.73 2,40 8.00 9.60 39.21 24 460
oil 2.87 14,26 3,09 13,94 15,22 37,03 24 436
3 | LRC - 2.05 32,81 324 20,90 24 87 62,68 20441
- 9,93 26,17 4,12 18,03 43,85 66,19 19077
I RC AAD 12,05 25344 6.83 14,66 4259 3,31 20 526
oil 13,11 30,80 0,15 20,15 40,02 61,806 20284
— 29,08 11,78 4,78 14,06 47.18 34,85 18 750
2| RC AAD) 32460 12.49 4,16 17,15 40,12 50,10 19130
oil 32,75 7.24 4,22 13,06 32,13 46,67 19 984
3 RC - 33.09 36,00 1.60 2244 43,89 59.57 15 808

Content of sulphur S, %

coal  semi- AAD oil

coke
@ StE So 0 Sp W Ss

Fig. 2. Distribution of sulfur in LRC and RC coals and in the
products of thermochemical destruction

Table 5 presents comparative data on composi—
tion of gaseous products obtained at semi-coking of
the coals of various genetic types by reductivity be-
fore and after chemical pretreatment. The basic
component of semi-coking gas is methane (CH,), its
content reaches 56 % for LRC coals and 38 % for
RC coals. The gas of reduced coals differs by higher

contents of hydrogen (H,), hydrogen sulfide (H,S)
and carbon dioxide (CO,) in comparison with the
composition of gas of the low-reduced coals.

Heat of combustion of semi-coking gas (kJ/nr)
is calculated under the following formulae [9]:

Q=108-H,+126-CO+234-HS +
+358 - CH,+712-CH

m I,

where: 108, 126, 234, 358, 712 - coefficients are
appropriate heats of combustion of components of
gas; H,, CO, H,S, CH,, C_H, - vol. % of components
in gas mixture.

Heat of combustion of semi-coking gas is higher
for low-reduced coals that are connected to the large
methane content. Chemical pretreatment of coals by
the radical polymerization initiator and absorber oil
significantly decreases the hydrogen, methane, and ca—
bon oxide contents of semi-coking gas. This effect is
expressed most brightly after adding AAD. These
changes testify the realization of processes of synthesis
in organic mass of coal and, as a consequence, bring to
increase of semi-coke yield. The hydrogen sulfide
evolving during pyrolysis is higher for reduced coals
and grows at the presence of the chemical reagents.
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Fig. 4. Distribution of sulfur in the semi-coking products of reduced coals: semi-coke (black color), tar (gray color) and gas

(white color)

Table 6. X-Ray result for initial coals and semi-coke

Ne | Type | Treatment T,eC l’.- I,M l,*.’l,l_ dm hAl I.,-
- 20 127 1.54 1.05 0.356 1.42 0,79

1 rre - 520 145 2.03 1.40 0.356 2.32 1.39
’ AAD 520 1,70 237 1,39 0.356 2.83 148
oil 520 1.63 258 1,58 0.356 2.44 1.13

T - 20 1.16 1,99 1,72 0.356 1,46 0,82
- 520 1,57 2.50 1,59 0.356 346 1.77

- 20 1.31 1.48 1.25 0,356 0.59 0,69

v R - 520 1.36 2,65 1,95 0,356 1.43 1,79
AAD 520 1.36 2,73 2.m 0.356 1.67 1.25

oil 520 1,57 236 1,50 0.356 1,89 1.23

. . - 20 1.20 1.71 143 0,356 0.68 0,42
2| K¢ - 520 1.31 292 2,23 0,356 1,97 1.83

Fig. 3, 4 show distribution of sulfur in the prod—
ucts of thermal destruction of the coals of various
genetic types by reductivity and influence of chemi—
cal pretreatment on this process. As showed at Fig.
3, during the semi-coking of low-reduced coals
without treatment the basic part of sulfur remains in
semi-coke (63 %), up to 23,5 % of sulfur passes in
tar, and other part - in gas. The chemical pretreat—
ment results in desulfurization ofthe solid products,
tar and increase of the sulfur contents (as H2S) in
semi-coking gas.

At the semi-coking of reduced coals other picture
of distribution of sulfur between products thermal
destruction is observed (Fig. 4). Up to 32 % of sulfur
remains in the solid products, up to 63 % of sulfur
transform into semi-coke gas and only insignificant

part of sulfur transforms in tar. The introduction in
system of the radical polymerization initiator and ab-
sorber oil results in desulfurization ofthe semi-coke.
Thus, the content of sulfur in semi-coke and tar de—
creases on 8 % and 1 % accordingly, and in semi—
coking gas it is increased up to 72 % [10].
Chemical pretreatment has a considerable influ—
ence on the coal reactivity, yield and composition of
semi-coking products. It results in changing of the
sulfur distribution and structural parameters of solid
products. X-Ray characteristics have shown that un-
der the action of additives the stack sizes and degree
of order (h/1) increases: for low-reduced coals in
1,6-2,4 times, and for reduced coals - in 2,4-2,9
times (Table 6). Semi-coking of reduced coals in the
presence of AAD results in a 1,8-2,0 fold accelera-
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tion ofthe lattices extent (La) and in a 2,3-4,4 fold
- the proportion of «crystalline» phase which indi—
cates the connection lacing, improvement of the
cross-linking processes in the coal carbonization
products and desulfurization effect.

After the chemical pretreatment of the coals
changes in supermolecular organization parameters
are observed for the semi-coke. As a consequence
we observe an increase of heights of «crystallite»
(Lc) and of parameter h/l in 3.2 times for reduced
coals and in 1.7 times for low-reduced coals. This
confirms influence of chemical reagents on sewing
process in the solid products and formation of strong
fritted semi-cokes from high-sulfur coals (RC).

Conclusions

Thus, low-rank bituminous reduced and low-re—
duced coal are various by composition and structure,
that determine their different behaviour during ther—
mal destruction. These differences are following:

1) During the process of semi-coking reduced
coals create strong fritted semi-cokes while the low-
reduced coals create powder-like semi-cokes. Ther—
mal destruction of reduced coals results in higher
yield of semi-coking gas and tar. The same treat-
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NIIBUIMEHHA E®@EKTUBHOCTI 3BHECIPYYBAHHA BYI'LULJIIA PIZHUX
TFEHETUYHMNX THUIIIB 3A BIZTHOBJEHICTIO

Payionanvne eukopucmanua 6yeinns 3 6UCOKUM YMicmom cipku € Oydce 6axicaugor npobaemor 0dasa Jo-

HeybKkoeo Oaceliiny,
8AJNCAUBUM KDUMEPIEM OUIHIO8AHHA SAKOCMI 8Y2inis,
HOB8AeHICMmIO.

ockinbku nornad 70 % eyeinvnux naacmie micmams nonad 3 % cipku. Bmicm cipku €
Wo No8'A3aHUll 3 eeHeMUUHUM MUNOM @yeiiis 3a 6i0-

Y pobomi 6ysro Odocaionceno mpu napu HuzbKomemamop@izoeanoco kam'anoeo eyeinaa JloHeyvkoeo 0a-

CeliHy pi3Hux eeHemuuHux munie (gionoenrerne eyeinna RC ma Hu3bkosioHoeaene eyeinna LRC). Byaio npoese-

deHo nopieusaabHe docaiddcenHs npouecie mepmiunoi decmpykyii ma po3nodin cipku y npodykmax Hanie-

KOKCY6AHHA UbO2O eyei/mﬂ.



