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1. Introduction

of 0—1mm in ordinary coal at the level of 3.2—40 %. Tak-

Modern advanced mechanized techniques of coal mining
predetermine content of finely dispersed fractions the size

ing into account sludge generation during transportation
and preparation, the content of finely dispersed fractions
increases to 50—60 % [1]. Processing of this raw material




is a big problem, especially for finely dispersed fractions of
0-0.15(0.2) mm, whose preparation efficiency by gravitation
methods (jigging, heavy-medium hydrocyclones, hydrosiz-
er) is significantly lower. The only widely used method of
primary processing (coal preparation, dressing) of finely
dispersed fractions of coal at present is flotation [2]. Howev-
er, efficiency of extraction of coal grains the size of 0.05 mm
into flotation concentrate is not high. The reason for this is
a low mass of coal micro grains that proceed along the lines
of fluid flow and bend around the bubbles of air. Thus, they
are not at all involved in the process of flotation [2]. There
had been efforts to overcome the indicated difficulties by
employing column flotation, which is more efficient for fine
grades, “turbulent micro flotation” or TMF-technology,
by using “flotation with a carrier”, etc. [3]. Thus, the main
problem that needs further investigation is the preparation
of coal — 0.05 mm [2, 3].

The most effective way of solving the problem of prepa-
ration of finely and thinly dispersed (especially ultra-thin)
coal is preliminary selective aggregation. For example,
flocculation, agglomeration, granulation in aqueous medium
by a hydrophobic reagent with subsequent separation and
processing of product [4—6]. Industrial testing showed high
efficiency of preparation of coal the size of 0—0.15 (0.2) mm,
including ultra-thin grade of 0—0.05 mm, by selective oil
flocculation (the process “OVZUMS”), by implementing
oil agglomeration and granulation [4, 5], selective latex
flocculation [6]. In this case, it should be emphasized that
the scope of practical application of selective aggregation
of thin coal includes both the sludge of preparation factory
(water-sludge system) and aged coal-containing material of
preparation waste in sludge accumulators [7].

Therefore, oil aggregation as a specialized processing
method of Ukrainian finely- and thinly dispersed coal is a
promising issue. The actual task is to examine the appli-
cation of this method for preparation the Donetsk coal of
varying degrees of coalification and to establish character of
the impact of main variation parameters on the results of oil
aggregation of coal.

2. Literature review and problem statement

Article [8] shows that the results of the process of oil
agglomeration of finely dispersed coal are influenced by
the type of oil, size of coal particles and the magnitude of
water environment pH. In the experiments, as a binder, they
used castor and rapeseed oil, which, respectively, enabled
75% and 64 % yield of agglomerates. Calorific value of
coal-oil agglomerates reached 6.257 kcal/kg compared to
4903 kcal /kg for the original coal. In this case, the content
of ash in the coal fuel decreased by 66 %. These indicators
allowed the authors to evaluate the process of oil agglom-
eration for finely dispersed coal as effective. However, the
chosen variable input factors do not take into account hydro-
dynamic parameters of the pulp, which affect the process of
pelletizing (aggregation).

During oil agglomeration of finely dispersed Chinese
coal, vegetable oil was used as a binder [9]. Dimensionality
of the original coal: =75; 75-150; 150-212; 212-300 um.
Consumption of oil-binder to coal — 25 % by weight. The ra-
tio of "coal:water” in the pulp is 15:200. Variable parameters:
agitation duration and speed of the mixer’s impeller. Authors
examined effect of dimensionality of the original material

on results of the process, of rotation speed of the mixer’s
impeller, of agitation duration. The highest index of process
efficiency was obtained for the original coal of 0-75 mm.
Agitation mode in all experiments is turbulent, but authors
registered a decline in the index of process efficiency at a
speed of impeller of 2000 min'!; at 1000 and 2500 min™" this
index is relatively higher. The effect of agitation duration on
results of the process was explored in the range of 5-25 min,
while the important period of 0—5 min. remained unexam-
ined. The largest index of process efficiency was registered
on minute 15 and it little changed subsequently. An import-
ant and positive feature of study [9] is the infrared spectros-
copy of the binder — vegetable oil, which made it possible to
identify functional groups, which provide the possibility to
characterize structure of the reagent. The resulting empir-
ical material is very valuable. In particular, authors deter-
mined rational limits of the speed of impeller and duration
of pulp agitation, dimensionality of the original coal. The re-
ceived IR spectra reveal functional groups in reagent-binder
that enhance the interaction of “coal-reagent”. However, the
study is fragmented and of ascertaining nature, failing to
explain the effect of aggregation. In addition, all results are
related only to the examined Chinese coal.

Oil agglomeration of “salty coal”, as follows from study
[10], has its own special features. This coal is typically
low-metamorphosed and is characterized by a high content
of salts of alkali metals, first of all, sodium (NaCl, KCI).
Therefore, the surface of the “salt coal” is highly hydrophilic.
In order to hydrophobize the coal, authors in [10] proposed
an additional operation — preliminary mechanical treatment
with the addition of a small amount (to 1 % by weight) of
oil-binder. This operation provides mechanochemical activa-
tion and subsequent hydrophobicization of surface of the sol-
id phase of coal. The latter is a mandatory condition for the
formation of coal-oil aggregates. A positive outcome of the
given study is experimental confirmation of the special role
of coal hydrophobicity in achieving the aggregation of coal-
oil phase in a hydro-mixture. The mechanism of aggregation
remains beyond attention and is not considered at all, while
results of research are related to the salty coal only, and, as
to be expected, hydrophilic (weathered) analogs.

When preparation the Fujian coal with oil agglomer-
ation, article [11] highlighted the following basic factors
that affect the process: concentration of coal in the pulp,
consumption of oil-binder, type of oil (they used petroleum;
rapeseed oil). Results revealed that at concentration of coal
in slurry of 11.1 % and consumption of oil 12.5 %, the ash
content can be reduced from 32 % to 2.8 %, ash content in
waste amounts to 93.0 %. This confirmed high efficiency
of aggregation processes and coal extraction by different
hydrophobic reagents from a diffused hydro-mixture (sus-
pension with a concentration of solid 11 %). In addition, im-
portant for the rational choice of rational operational process
parameters is the registration of consumption of oil-binder
(12.5 %). The mechanism of aggregation process is not con-
sidered. The selected variable input factors, similar to paper
[8], do not take into account hydrodynamic parameters of
the pulp, which affect the process of selective pelletizing of
coal-oil aggregates. Resulting numerical indicators are relat-
ed to the preparation of Fujian coal.

Study [12] established the following factors that influ-
ence the process of oil aggregation of stone coal: type of oil,
the content of coal in the pulp, oil content, agglomeration
duration, dimensionality of original coal, agglomeration, pH



of the pulp, rate of agitation. Authors registered not only ash
content reduction, but also desulphurisation of the original
coal. The latter has great practical value, since the content
of sulphur in coal concentrate considerably determines eco-
logical component of subsequent application as fuel or for
the preparation of coke charge. Positive is a wide range of
technological factors that influence the process, described
by authors. At the same time, the mechanism of aggregation
was not considered, the impact of physical-chemical charac-
teristics of coal (except dimensionality) on the results of the
process was not studied.

The process of oil agglomeration has been explored
by several scientific schools for the desulphurization and
deashing of lignite (brown coal). Paper [13] established the
following technological factors of influence on the process
of oil agglomeration of brown coal: concentration of the
solid in the pulp, consumption of oil-binder, agglomeration
duration, and type of oil. In this case, they applied different
hydrocarbon oils — toluene, diesel fuel, and pine oil. Calorific
value of the sample of lignite increased to 2190 kcal/kg from
1687 kcal/kg. Obtained results confirm the possibility of
refining (deashing, aggregation, desulphurization) by oil
agglomeration not only stone coal, but brown coal as well.
However, the mechanism of the process, as is the case for the
above studies, was not investigated, the obtained results are
related to the low-metamorphosed coal.

The first part of study [14] establishes impact of the
following factors on the preparation of brown coal by oil
agglomeration: concentration of the solid in the pulp, con-
sumption of oil-binder, type of oil, pH of the liquid phase.
They in particular determine the results of deashing and
desulphurization of coal. In fact, the obtained results con-
firmed known data [12, 13] about the decisive influence of
the above-mentioned technological factors on the process.
The second part of research examines the influence of
aqueous phase on the progress and results of the process:
lake water and seawater (the water of the Mediterranean
Sea, Aegean Sea, and the water of the Black Sea). A sim-
ilar study into effect of the Mediterranean water on the
desulphurisation of coal by oil agglomeration was carried
out when using as a raw material subbituminous (long-
flame) coal from Zonguldak [15]. The third part of study
[15] investigated the effect of various salts (NaCl, MgCl,
and FeCls3) on the agglomeration of lignite. Results of ag-
glomeration revealed that the use of calcinated lake water
and seawater had a positive effect on the reduction of total
sulfur content in agglomerates. In addition, the application
of NaCl, MgCl, and FeCl; in agglomeration environment
has a positive effect on the reduction of ash content in
agglomerates. Of absolute practical value in this study is
the confirmation of the possibility of successful process of
oil agglomeration of coal not only in fresh water, but in the
salty as well, in particular, seawater. However, chemistry
of the processes, parametric constraints of salinated water
phase is not explored. Obtained results, as is the case in
previous study [13], apply to the low-metamorphosed coal.

Thus, rich experimental material highlights sufficiently
enough key technological factors that influence the process
of oil aggregation of coal. The main technological factors are
the type and consumption of oil-binder, dimensionality of
original coal, magnitude of aqueous medium pH, the ratio
“coal:water” in the pulp, agitation duration and speed of the
mixer’s impeller. At the same time, results of the process of
oil aggregation are significantly affected by characteris-

tics of the original enriched coal, in particular, the degree
of coalification, ash content, conditions of formation and
deposition of the deposit method of extraction, conditions
of formation and location of deposit, etc. That is why some
studies-analogs outline similar qualitative trends in the in-
fluence of factors on the results of coal preparation by oil ag-
gregation. At the same time, quantitative results of research
are typically different by the influence of the specified fac-
tors on the indicators of coal concentrate and waste obtained
during coal preparation from different deposits and fields.

3. The aim and objectives of the study

The goal of present study is to examine preparation
of Donetsk coal of varying degrees of coalification by the
method of oil aggregation. This will provide a possibility to
determine rational limits in the process operational param-
eters, as well as to establish technological capacities of oil
aggregation, in particular, by the content of ash and dimen-
sionality of the original enriched coal.

To accomplish the set goal, the following tasks had to be
solved:

— to establish the character of impact of the ash content
in the original coal on the results of oil aggregation;

—to examine effect of the pulp agitation duration and
pulp density on the results of oil aggregation of coal,

—to explore influence of consumption and the type of
reagent-binder on the results of oil aggregation of coal.

4. Materials and methods for examining the process
of preparation of Donetsk coal by the method of oil
aggregation

4. 1. Examined materials and equipment

We examined Donetsk coal — anthracite the size of
0-100 pum and coal of the grade G, 0-100 pum; 0—1 mm;
0-2 mm.

As a reagent-binder, when pelletizing coal, we used
anthracene oil, polymer of benzol production (PBP) from
Avdyivka KKhZ (Ukraine), a mixture of “briketin: kero-
sene’=1:3, oil fuel M100.

We used the following equipment in the processing and
preparation of coal.

Laboratory crusher: includes 4 crushing pairs “cup-rod”,
which are placed on the frame of the crusher. The latter is
on the rubber suspensions. The system is set into oscillating
motion by electric motor. As a result, the rod moves along
the wall of the cup and grinds the sample of the material
downloaded into the cup.

In order to obtain original material of the assigned
dimensionality and to sift the granules — sieve vibration
analyzer.

Laboratory setup for the realization of the process of oil
aggregation of coal included a turbulent mixer with electric
drive, which enabled a change in the frequency of shaft ro-
tation within 0-70 s™!. Working chamber of the mixer is a
cylinder with a diameter of 15 cm and a volume of the work-
ing chamber 2 1. Impeller has four blades with a diameter of
3/4 of the diameter of the working chamber. To warm the
reagent, there is a cup electric heater.

To dispense the reagent, we used a measuring syringe.
For the preparation of water-coal pulp with assigned struc-



ture (density), we used measuring glassware and laborato-
ry scales.

For the dehydration of coal-oil concentrate by drain-
ing — laboratory installation in the form of a pipe with
height 1.2 m, diameter 100 mm, which is leaned against a
sieve with cells of 0.5 mm.

4. 2. Procedure of research

In order to measure pH, we applied the pH-meter
MARK-902MP, to measure temperature of reagent t, and
pulp ty — mercury thermometer, to measure pelletizing du-
ration t, — a stopwatch, to measure rotation speed ng of the
mixer’s impeller —a tachometer.

For the visual identification of the type of mechanism
of the process of oil aggregation of coal — “coalescence” or
“amalgam” — we used a stroboscope.

For the visual identification of aggregated and non-ag-
gregated coal, we used the microscope MBS-9v.

Outer specific surface of the original coal Sgg, was deter-
mined using the method of Tovarov.

Ash content A9 of coal and tails (waste) was defined
in line with GOST 11022-95 (ISO 1171-97) “Fuel, solid,
mineral. Methods for determining ash content”. Humidity
of coal-oil concentrate after draining W) — according to
GOST 27314-91 (ISO 589-81) “Fuel, solid, mineral. Meth-
ods for determining moisture content”.

The mean diameter of coal-oil aggregates d, was cal-
culated based on data of sieve analysis as the arithmetic
weighted average.

The yield of aggregated coal-oil concentrate y, was deter-
mined as a share (%) of aggregated coal to the non-aggregat-
ed in the field of the microscope MBS-9v.

5. Research results of the process of preparation of
Donetsk coal by the method of oil aggregation

First series of experiments. Variable factors — ash con-
tent of the original coal Ad, agitation duration t, and pulp
density pys.

Impact of the ash content of original coal and pulp agi-
tation duration on the results of oil aggregation is shown in
Fig. 1.

Mode of the process: examined coal — anthracite the
size of 0—100 pm; the liquid phase of the pulp: index pH=7;
consumption of oil reagent Q,=32 % by weight; oil reagent
(binder) — oil fuel M100; pys=350 g/I; pulp temperature
t,=70 °C; rotation frequency of mixer’s impeller ng=20 s,

Experimentally obtained dependence of change in the
extraction of anthracite eg on the duration of pulp agitation
at high (60-70 %) and lower (10-40 %) ash content of solid
phase has the character of an exponential function with
different curves. In this case, an increase in the ash content
above 50—60 % leads to a qualitative change in the process-
es of extraction, which is expressed by the change of curve
shape gg(z,) — Fig. 1 (family of curves 1-3, and 4, 5) and by
a sharp decrease in the speed of aggregation.

Dependences of the speed of aggregation V, on the den-
sity of water-coal mixture pys at different ash content of coal
are shown in Fig. 2. Mode of the process: pH=9, Q,=20 % by
weight (oil fuel M100), t,=70-80 °C, t,=25°C, n,=40 s, coal
of grade G, 0—100 pm. This family of curves has two distin-
guishing features. First, there is a vividly expressed extreme

shape of curve V,(pys), that is, for each ash content of the
solid-phase there is the optimal pulp density, at which the
rate of aggregation V, is maximal. In this case, the peak of
maximal speed of aggregation V, for the lower ash contents
is significantly larger than that for high values of ash content
of the processed material. Thus, at ash content of solid phase
of the pulp 15 % V, max 22.3 mm/min, and at ash content
of 65 % V, max 3.5 mm/min. Second, for low-ash pulps,
peaks V, max are in the region of their high densities (350—
450 g/1), while for the high-ash pulps, peaks V, max are in
the region of low densities (50—150 g/1). An increase in the
ash content of solid phase in the pulp leads to slowing down
the extraction of organic mass into granules (Fig. 1) and a
decrease in the speed of aggregation (Fig. 2).
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Fig. 1. Kinetic curves of extraction of anthracite g(t,) into

coal-oil agglomeration concentrate at different ash content of
original coal A% 1—10 %; 2—20 %; 3—40 %; 4—60 %; 5—70 %
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Fig. 2. Experimental dependences of the rate of aggregation
V, on density of water-coal suspension p,s at different ash
content of coal A% 1— 65 %; 2 — 55 %; 3 —45 %; 4 — 35%;
5—25%;6—15%



Second series of experiments. Variable factors — the
type and consumption Q, of the reagent-binder. Fig.3
shows experimental dependences on the consumption of re-
agent-binder of “tails” (wastes) of oil aggregation Af‘v(Ql,),
mean diameter of coal-oil aggregates d.(Q,), obtained for
coal of grade G the size of 0-1.0 mm, size grade — 0.1 mm
39.7 %, Sssa=1590 cm?/g, A?=10%.
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Fig. 3. Experimental dependences A\dN(Qr), pulp agitation
duration 1, 1 — 1 min; 2 — 3 min; 3 — 5 min; 4 — 10 min
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Fig. 4. Experimental dependences d,(Q;). 1 — anthracene oil;
2 — polymer of benzol production (PBP) from Avdyivsky
KKhZ; 3 — mixture “briketin:kerosene”=1:3;

4 — oil fuel M100

The character of experimental dependences A%, (Qr), and
d.(Q,) except A! (Qr), at t,=1 min. is non-linear with a
tendency to flattening.

For dependences A}(Q,), flattening of curves is ob-
served at Q>3 % by weight and 1,>(3—10) min. In this case,
the ash content of waste A? reaches 82-87 %.

For dependences d,(Q,), flattening of curves is observed
at Q,>16 % by weight. In this case, maximal size of coal-oil
aggregates under specified operational parameters is achieved
for Q,=18 % by weight. In this case, the average diameter of
coal-oil fuel aggregates is reduced in this range of utilized
reagents: oil fuel — a mixture “briketin-kerosene” — PBP —
anthracene oil (2.8; 2.3; 1.8; 1.4 mm, respectively).

Figs 5, 6 show obtained dependences of a number of
input parameters of the process on the consumption of re-

agent-binder: yield of aggregated coal-oil concentrate v.(Q,),
its humidity Wt'k(Qr), the original coal was of grade G the
size of 0—2 mm, reagent-binder — oil fuel M100.
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Fig. 5. Experimental dependences A{(Q,) and W (Q,):
1— A (Qr), 2,3— W, (Qr) in one and two days of
draining, respectively
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Fig. 6. Experimental dependences v.(Q;): 1 — total yield of
granules; 2 — yield of granules of size grade +1.6 mm;
3 — size grade 1.6—1.0 mm; 4 — size grade 1.0—0.5 mm

Dependence A% (Q,), has a smooth extremum-maximum
A! =68 % in region Q,=(6-8) % by weight.

Curves of draining the coal-oil agglomerate W, (Qr) are
extreme in character, too. In this case, aggregates are ac-
tively drained at Q. >10 % by weight. Humidity of the dewa-
tered coal-oil agglomerate over 2 and 3 days of draining for
Q=16 % is, respectively, 11 % and 8 % (Fig. 5, 6).

The total yield of the aggregated coal-oil concentrate
v.(Q,), that is, the degree of involvement of coal in the coal-
oil aggregates during oil aggregation, at Q,=18 % by weight,
reaches 100 % (the entire coal phase is aggregated). The
yield of the coal-oil aggregates of size grade of 1.6—1.0 mm,
and 1.0-0.5 mm, has extreme character (Fig. 11).

Fig. 7-10 show coal-oil aggregates-granules and con-
glomerates of granules obtained in the described exper-
iments based on Donetsk coal and fuel oil M100. Fig. 11
shows their polished sections.

Habitus of coal-oil aggregates from coal of 0-100 pm,
obtained at consumption of fuel oil 20 % by weight is char-
acterized (Fig. 7, 8) by rounded shapes, peddle-shaped (egg-
shaped). Instead, coal-oil aggregates from coal of 0—1 mm
(Fig. 9, 10) possess angular shapes, indicating only partial
involvement of large grains into oil aggregation. Larger
grains serve the centers of aggregation while the granules
are essentially structures of the type “center-shell” (Fig. 11).



Fig. 7. Coal-oil fuel aggregates-granules obtained based
on Donetsk coal of 0—100 um. The mean dimensionality of
aggregates is 3—4 mm

Fig. 8. Coal-oil fuel conglomerates of granules obtained
based on Donetsk coal of 0—100 um
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Fig. 9. Coal-oil fuel aggregates-granules obtained based
on Donetsk coal of 0—1 mm. The mean dimensionality of
aggregates is 2—3 mm
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Fig. 10. Coal-oil fuel conglomerates of granules obtained
based on Donetsk coal of 0—1 mm
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Fig. 11. Polished sections of coal-oil fuel of aggregates-granules
(Fig. 9), obtained based on Donetsk coal the size of 0—1 mm:

a — magnification x200; b — magnification x150

6. Discussion of results of examining the process of
preparation of Donetsk coal by the method of oil
aggregation

First series of experiments. The impact of the ash content
of original coal on the results of oil aggregation (Fig. 1, 2)
unambiguously demonstrates substantial (4 times and larg-
er) reduction in the speed of aggregation in high-ash pulps at
an increase in the ash content of solid phase of the pulp from
15 % to 65 %. This is obviously due to the lower probability
of interaction between coal particles in high-ash pulps where
they (are at greater distances) and are partially blocked
by the rock grains. The latter are in the intervals between
grains of coal and hinder their contact and adhesion.

Curves €g(t,) that are the dependences of coal extraction
from a hydro-mixture g on the agitation duration t,, ob-
tained for anthracites, can be considered standard since for
coal of other stages of metamorphism they are similar and
approximated by exponential dependence [4]:

e(t)=€max(1- eX'p(*k’E), ¢))
where €,,,,=0.94.

In this case, correlation ratio for the regression and the
curve is quite high and makes up 0.92-0.95.

The registered extreme character of dependence of the
speed of aggregation V, and density of water-coal mixture
pws 10 Fig. 2 is not yet explained. The hypothesis that was
put forward assumes that the presence of extremum-max-
imum V,(pys) is the result of action of the competing fac-
tors, the progress of two simultaneous processes of forma-
tion-destruction of coal-oil aggregates. In liquid pulps, the
probability of contact between hydrophobic objects is lower
due to the big distances between these objects and, accord-
ingly, decreased frequency of contacts. Thus, contacts of the
drops of oil reagent and coal grains, as well as the oiled coal
particles, with one another in liquid pulps are rare, single.
This explains low rate of aggregation in the region of larger
diffused pulps (edge regions on curve V,(pys) on the left of
extremum-maximum). With increasing density of water-coal
mixture pys, the mean distance between hydrophobic objects
that form coal-oil aggregates decreases, increases, accord-
ingly, the frequency of their contacts (ascending branch of
curve V,(pws)). At the same time, increasing density of the
water-coal mixture pys, activates the process of mechanical
friction (contacts, strikes, tangential, angular and frontal
forces of interaction) of mineral grains in the turbulent flow
of pulp and, accordingly, destruction of the coal-oil aggre-
gates. At a certain value of density of water-coal mixture pys,
these two drivers of the processes “formation-destruction»
of coal-oil aggregates balance each other at the point
of maximum of curve V,(pys). At further increase in
the density of water-coal mixture pys, the process of
mechanical friction of mineral grains in the turbulent
flow of pulp and, accordingly, the destruction of coal-oil
aggregates would prevail. This corresponds to the de-
scending branch of curve V,(pys) on the right to extre-
mum-maximum. However, hydrophilic rock (high-ash)
grains do not participate in the aggregation of coal-oil
complexes (granules, agglomerates). They prevent the
process of contacting between hydrophobic objects in
the pulp and significantly inhibit the process, which
explains a decrease in the values of extremum-maximum
V, for high-ash pulps.



The hypothesis that was put forward, despite a certain
clarity in the explanation of reasons for the existence of
extremum-maximum of curve V,(pys) of the processes on its
ascendant and descendant branches is probably somewhat
incomplete since it does not consider available intersections
of curves V,(pys) for different ash contents of solid phase of
the pulp. Different speeds of the aggregation of pulps with
the same density but different ash content of solid phase are
predetermined also by differences in the mechanism of the
process of aggregation. There are two fundamentally differ-
ent mechanisms of aggregation:

1) “coalescence” — contact and merging of separate oiled
grains;

2) “amalgam” — accumulation of coal grains in an oil
film, its subsequent destruction and disintegration into sep-
arate elements of which, in the turbulent flow of the pulp, the
coal-oil aggregates form.

If the coalescence mechanism is characteristic of pulps
with low density and at high ash content of solid phase, the
amalgam is of low-ash dense pulps. Obviously, at certain
densities and ash contents of solid-phase in the pulp, there
are two simultaneous specified mechanisms of aggregation.
In fact, this aspect of the nominated hypothesis requires
additional study.

We shall note that the range of original pulp densities
in the conducted experiments, pys=50-600 g/cm?, is con-
siderably wider than that in articles [9, 11-14]. At the same
time, lower limits of pys are close (we have 5 %, in [9] —
7.5 %, in [11] — 11.1 %). In general, data on the rational
values of concentration of the original pulp in the world
practice of oil aggregation of coal are contradictory — they
range from 4 % to 50 % [4], which is possible explained by
the decisive influence of the density of original pulp on the
very type of mechanism of the process of oil aggregation of
coal (“coalescence” or “amalgam”) — both types of the pro-
cess are recommended to apply [4]. That is why the chosen
range of studies — 5-60 % — into concentration of the orig-
inal pulp fully agrees with worldwide practice. However,
in the studies completed we found optimal combination of
factors “ash content of solid phase of the pulp — pulp den-
sity” during aggregation of finely dispersed coal the size of
0-0.1 mm, corresponding to the maxima of curve V,(pys).
This makes it possible to significantly reduce duration of
the process of oil aggregation of coal under other conditions
being equal.

Second series of experiments addresses influence of the
kind and consumption of reagent-binder on the results of
preparation and dewatering of finely dispersed coal. This
factor, according to studies [4, 9, 11-14], is one of the most
significant for obtaining quality concentrate and the waste
of oiled aggregation of coal. This is confirmed by the results
obtained in research.

Ash content of waste AY. The character of curves
AY(Q,), for coal of 1-0 mm and 2-0 mm (in accordance
with Fig. 3-5) in the region of consumption of reagent-bind-
er of 0—4 % by weight is the same, but the maximum ash
content of waste for coal of 1-0 mm AY =87 %, whereas
for coal of 2-0 mm A¢ =68-69 %. This is obviously ex-
plained by not a complete opening of intergrowths in coal
the size of 2—0 mm. In this case, the aggregation of organic
matter is actually completed at relatively low consumption
of reagent-binder 4—5 % by weight, the reagent forms thin
surface adhesively active films on coal grains. Adhesion of

such coal grains predetermines the formation of coal-oil ag-
gregates. Rock grains are not wetted with the hydrophobic
reagent and produce waste.

Upon further increase in the consumption of re-
agent-binder to 16 % by weight, we observe reduction in
ash content of waste, due to the mechanical involvement
of ash grains or grains-intergrowths in relatively thicker
oil films. There occur partially oiled rock grains and retur
(usually, fine screening Fig. 12), which are redistributed
between the waste and the concentrate interpolluting
each other. That is why an increase in the consumption
of reagent-binder (over 4—5 % by weight) for the finely
dispersed coal whose pelletizing into coal-oil aggregates
completes in the region of 5 % by weight, in terms of
obtaining waste with maximal ash content, is not expe-
dient. There is a lack of such experimental data on thin
(0-100 pm) and ultra-thin (0-50 um) coal, which is the
task for further research.

Fig. 12. Polished section with partially oiled rock grains
and retur (fine screening of micro aggregates and their
fragments): @ — anthracite; b — coal of grade G

The mean diameter of coal-oil aggregates d, is char-
acterized by directly proportional dependence on the
consumption of reagent-binder Q, (Fig. 3). Form of curve
d.(Q,) for various types of reagent-binder is close, but
dimensionality of aggregates varies and is determined by
adhesive and cohesive bonds of the components of aggre-
gate. Note that in order to ensure high level of adhesion
between reagent and coal, group chemical composition
of the coal surface should maximally match chemical
composition of the reagent. Maximal strength of adhe-
sive fastening of the reagent on coal surface by the De
Broun-Hurwink’s rule is achieved at minimal difference
in polarity of the participants of adhesion contact [16].
Effectiveness of adhesive fastening of oil reagent on the
coal particles is the higher the more the concentration of
oxygen functional groups responsible for H-bonds in the



reagent and on coal surface. In addition, positive effect
on the fastening of oil reagent on coal particles is exert-
ed by the presence of the simplest and condensed aro-
matic compounds with a small amount of benzol nuclei.
The positive effect of action of the low-nuclei aromatic
compounds with coal surface is predetermined by their
complanarity [17].

Humidity of coal-oil aggregates W, (Qr) has extre-
mum-maximum (Fig. 4, @) in the region Q,=8-10 %, which
corresponds to the early stage of conglomeration of aggre-
gates (refer to conglomerates in Fig. 9-10) and is due to
squeezing the moisture between grains in loose conglom-
erates. Subsequently, with increasing Q, in the region of
Q,>8-10 %, inner conglomeration moisture is pressed out
by oil reagent from the body of coal-oil aggregates and their
total moisture content decreases.

Total yield of coal-oil aggregates y.(Q,) during oil ag-
glomeration of coal, as it follows from experimental data
(Fig. 4, b), reaches 100 %, that is, almost all organic coal
mass is involved in the process of pelletizing. This occurs
at Q,=20 %, when not only the hydrophobic coal grains,
but coal-rock intergrowths, retur, ultra thin and partially
oxidized coal grains are also engaged to pelletizing. In
this case, bigger part of the granules has dimensionality
+1.6 mm. Increasing the yield of coal-oil aggregates with
increasing consumption of reagent-binder is also demon-
strated by local curves y.(Q,) for particular classes of
dimensionality — size grade 1.6-1.0 mm, size grade 1.0-
0.5 mm (Fig. 4, b, curves 3 and 4). In this case, the local
maximum of curve y.(Q,) for the aggregates of size grade
1.6—-1.0 mm shifts to the right relative to the local maxi-
mum for the aggregates of size grade 1.0-0.5 mm, which
corresponds with curves 1 — the total yield of granules,
2 — the yield of granules of class +1.6 mm.

Special attention should be paid to the structure of ag-
gregates-granules of the type “center-shell” (Fig. 11). The
mechanism of formation of aggregates of such structure can
be explained by the presence of two mechanisms of contact
between oiled coal grains: inertia and turbulent diffusion.
Based on data [18, 19], inertia mode is more efficient, which
is why larger grains in the pulp of coal of 0—1(2) mm serve as
“germs” of aggregates. It is obviously that the outer layer of
smaller grains protects larger central grain from shredding.
This can be used, for example, during long transportation
of coking and steam coal. Establishing technological modes
of the process of oil aggregation, under which aggregates
mostly possess the structure “center-shell”, needs additional
research.

A comprehensive approach to the study into oil aggre-
gation of Donetsk coal provides a possibility to assess the
prospects of application of this process for the preparation of
domestic coal raw materials. However, in this case, there re-
main a number of unresolved issues. The main are the choice
of the rational, from technological and economic point of
view, reagents-binders, substantiation of rational techni-
cal-economic “niche” for the process of oil aggregation of
coal, examination of environmental aspects of the process, as
well as determining technological capacities of the method
of coal oil aggregation in terms of desulphurization of coal.
The latter has a special significance because Donetsk coal
differs by a high content of sulphur, rather harmful during
subsequent processing and utilization of both coking and
steam coal.

7. Conclusions

1. By conducting research into effect of the ash con-
tent of original coal on the results of oil aggregation, it
was established that at an increase in the ash content
from 10-15 % to 65-70 %, aggregation rate decreases by
times. Similarly, at the same duration of the process, at an
increase in the ash content of solid phase of the pulp, the
extraction of coal mass into coal-oil agglomerate signifi-
cantly decreases.

2. Examination of the influence of pulp agitation dura-
tion on the results of oil aggregation of coal revealed that
the duration of pelletizing of coal-oil aggregates is that
important factor that compensates for the negative impact
of the ash content of solid phase on the progress of the pro-
cess of aggregation. It was found that the radical increase
in the ash content of original material suspends the process
only, which lasts longer, but ends, similar to the case with
a low ash content in the solid phase, with the formation
of coal-oil aggregates. This indicates the existence in the
process of coal oil aggregation a property to self-levelling
and the possibility of applying for re-preparation of waste,
in particular, waste of flotation with the ash content of tails
of about 70 %.

It was established that for each ash content of sol-
id-phase there is the optimal density of pulp at which speed
of aggregation is maximal. We proposed a hypothesis, which
explains the existence of these extrema-maxima in the speed
of aggregation.

3. Study into the influence of consumption and the type
of reagent-binder on the results of oil aggregation of coal
showed decisive role of this factor during preparation and
dewatering of finely dispersed coal by oil aggregation. In
particular, we established a significant influence of con-
sumption of reagent-binder on the ash content of waste, the
mean diameter of coal-oil aggregates, humidity of coal-oil
aggregates, the total yield of coal-oil aggregates.

When we analyze the obtained results, we may note that
the aggregation of organic matter of finely dispersed coal the
size of 1(2)—0 mm finishes at relatively low consumption of
reagent-binder 4—5 % by weight — in this case, the maximal
ash content in waste is achieved. Average diameter of the
coal-oil aggregates increases with increasing consumption
of reagent-binder and reaches 1.5-2.5 mm at consumption
of reagent 18 % by weight. In this case, for anthracene oil,
mean diameter of aggregates is 1.5 mm, for the polymer
of benzol production — 1.8 mm, for the mixture “briketin:
kerosene”™=1:3 — 2.2 mm, for the fuel oil M100 — 2.5 mm.
Humidity of coal-oil aggregates at consumption of reagent
18 % by weight and draining for 1-2 days is 10 % and 8 %,
respectively. The total yield of coal-oil aggregates during
oil agglomeration of coal depends directly proportionally
on the consumption of reagent and reaches 100 %, that is,
almost entire organic coal mass is involved in the process of
pelletizing.

Thus, present study demonstrated a possibility of effec-
tive preparation of finely- and thinly dispersed Donetsk coal
of grade A and grade G the size of 0-0.1; 0—1(2) mm and
ash content from 10-15 % to 65-70 % by the method of oil
aggregation.

A promising direction for further research is the es-
tablishment of technological modes of the process of oil of
aggregation under which aggregates predominantly have the
structure “center-shell”.
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