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Abstract: The process and equipment have been developed for preparation and burning (at small and medium
capacity boiler plants) of slurry coal-water fuel, produced from finely dispersed coal preparation waste (filter
cakes) from coal preparation plants of Komsomolets Mine and Named after S. M. Kirov Mine. It was shown that,
based on these wastes, it is possible to produce slurry coal-water fuel with solids content of 56-60 %, the required
structural and rheological characteristics, and lower heating value of up to 13 MJ/kg. Based on the research find-
ings, detail design was developed for creation of the pilot process complex for processing of waste coal to produce
slurry coal-water fuel for burning at boiler plant. Assessment of using the whole volume of the SUEK Kuzbass
coal preparation plants waste coal at the nearby Belovskaya SDPP was performed, which showed high economic
and environmental efficiency of the proposed project.
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Introduction

In recent years, industrial application of so-
called jar mills for fine grinding has begun. The
mills allow both dry and wet grinding to high de-
gree of material dispersity. High-frequency jars
and diverse nature of the impacts of grinding bod-
ies on the material create the processed material
fatigue breaking mode. This is the main feature of
the jar grinding process and explains why jar mill
is especially effective in producing highly dis-
persed products. As a result of the combined me-
chanical effects of high frequency and periodi-
cally arising stress states in the material being
milled, weak points always present in the solid
material structure are further weakened and
breakage of particles occurs in these points.

Coal preparation process at modern coal
preparation plants in Russia is characterized by
the use of closed water-slurry circuits to produce
coal concentrate with required moisture content
without thermal drying of fine-grain coal. At the

same time, finely dispersed waste coal
of 0-0.5 mm grain size, commonly represented
by filter press cake, is sent to waste dump together
with waste rock. The filter cake yield is up to 7 %
of being prepared coal mass [1-12]. Dispatching
this product to waste dump with waste rock is
caused by the fact that its use is complicated by
high ash content, up to 50 %, and moisture con-
tent up to 45 %. Similar situation takes place at
the Tugnuisky Coal Preparation Plant LLC of the
SUEK 0JSC. The annual output of the filter cake
at the Plant is 800 kt.

To solve the problem of reducing the yield
of waste coal and increasing the yield of commer-
cial products at the Tugnuisky Coal Preparation
Plant, it is proposed to use the technology for the
production and burning of coal-water slurry fuel
(CWF), produced on the basis of the filter cake.
Studies have been conducted on the CWF prepa-
ration with its following combustion at a semi-

commercial installation. oMo
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One of the main stages of coal-water slurry
(CWS) preparation process is grinding, since it is
the stage which allows regulating particle size dis-
tribution of the final product. CWS particle size
distribution controls CWS’s rheological parame-
ters, determines flow properties (flow pattern) of
the structured system. It is known that improve-
ment of CWF characteristics is achieved by using
a certain amount of fine fraction (0-50 um) of
solid material. There is evidence [12] that, for im-
proving CWS combustion characteristics and sta-
bility, the coal fine fraction should amount to up
to 50 %, at total solid content of about 70 %.
In this case, it is proposed to use waste coal of
sufficiently high rank as initial material.

A feature of PFS of modern coal prepara-
tion plants (CPP) in Russia is the use of closed
water-slurry cycle, which eliminates the slurry
discharge outside CPP to external settling sumps
and slurry dumps, and no use of thermal drying of
fine coal due to their more efficient mechanical
dewatering. As a result, the process generates sig-
nificant amount (up to 10-12 % of CPP raw coal
preparation volume) of toxic finely-dispersed
waste coal (TFWC) of fineness below 0.5 mm,
moisture 30-45 %, and ash content 25-65 %.
This product is not in demand at the market, it is
refractory (hardly dressable) and, as a rule, is dis-
posed with waste rocks in waste dumps. Given
high toxicity of TFWC due to the presence of
flocculants and coagulants (applied at CPP) with
carcinogenic and mutagenic effects on the particle
surface, storage of such dangerous waste creates
significant environmental problems in the region.

To solve the problem of TFWC utilization,
atechnology and a set of equipment have been de-
veloped for obtaining slurry coal-water fuel based
on TFWC and its efficient burning with capturing
and reclamation of the resulting ash-and-slag
waste (ASW). The paper discusses the proposed
technology and describes operation of the equip-
ment used (reactor-mixers, vertical bi-chamber
jar mill, activator pump, boiler with vortex adia-
batic combustion chamber, and two-stage flue gas

cleaning system). The results of operation of the
created experimental process system for pro-
cessing TFWC from several Kuzbass CPPs are
presented.

To solve the fine waste coal utilization
problem, SUEK-Kuzbass JSC adopted a decision
to create pilot process system for processing of
finely-dispersed waste coal by preparing and
burning slurry coal fuel based on filter cake of the
SUEK-Kuzbass coal preparation plants.

This decision was based on the studies on
preparation and burning of slurry coal fuel, pro-
duced on the basis of finely-dispersed waste coal,
performed at the pilot-plant stand of Kuzbass
State Technical University [13-20]. This paper
presents the performed study findings and shows
the prospects of solving the existing problem.
Thus, the work aim was to prepare the initial data
for creating the pilot process system.

Characteristics of the feedstock

To study the opportunity of preparing slurry
coal-water fuel based on finely-dispersed waste
coal, filter cake samples weighting 2000 kg each
were delivered from the CPPs of Komsomolets
Mine and Named after S. M. Kirov Mine
(S. M. Kirov Mine). The delivered samples were
analyzed in coal chemical laboratory. Qualitative
characteristics of the studied samples are given in
Table 1.

Table 1 data show that moisture of the filter
cake samples taken for the research was steadily

high: W," = 35.2-40.8 %. Unlike moisture, the fil-

ter cake ash content depends on quality of the
feedstock and can vary both in narrow range
(A =30.7 %; 26.8 %) and in wide range, up to
15.6 % (A" = 32.8 %; 48.4 %) for the filter cake
from the CPP of the Named after S. M. Kirov
Mine. Particle size distribution of the filter cake
from the CPPs of the Komsomolets Mine and
Named after S. M. Kirov Mine included fineness
range up to 3.0 mm [6-9].
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Table 1
Qualitative Characteristic of the Tested Samples
Coal-preparation plant of Coal-preparation plant of
Indicator Komsomolets Mine S.M. Kirov Mine
Sample No. 1 | Sample No. 2 | Sample No. 3 | Sample No. 4
Moisture, weight % 35.2 34.8 40.3 40.8
Ash content (on dry basis), % 30.7 26.8 32.8 48.4
Volatile-matter yield (on dry ash-free basis), 43.0 43.1 42.4 414
%
Sulfur total (on dry basis), % 0.52 0.48 0.15 0.13
Higher heating value (on dry basis), MJ/kg 33.70 33.04 33.08 33.00
Lower heating value of combustible mass, 13.75 14.3 11.8 8.7
MJ/Kg
Grain size, mm
0.250-3.000 5.7 8.4 4.5 6.3
0.071-0.250 15.1 18.7 26.8 17.3
<0.071 79.2 72.9 68.7 76.4
Total 100.0 100.0 100.0 100.0

Research technique for preparation of
slurry coal fuel

The filter cake is actually semi-finished
product for producing coal-water fuel with char-
acteristics allowing it to be efficiently burned in
boiler swirling-type furnace or co-fired with tra-
ditional fuel in coal-fired boiler units.

Evaluation of the possibility of preparing
CWEF from coal waste (filter cakes of the Komso-
molets mine and the S.M. Kirov mine) and selec-
tion of the optimal plasticizing additive were car-
ried out under laboratory conditions using univer-
sal vibration testing machine.

In the process of the research, laboratory
samples of slurry coal fuel were prepared by mix-
ing the filter cake and aqueous solution of plasti-
cizing agent. Considering the initial fineness of
the filter cake, for the CWF samples preparation,
mixing or grinding chamber of periodic action at
the universal vibration testing machine was used.
Dosing of the initial components was performed
manually. The purpose of the laboratory studies
was to select the optimal plasticizing additive op-
tion based on the analysis of the prepared CWF
main structural and rheological characteristics.

The CWF samples were analyzed for solid
phase weight fraction, particle size distribution, and
viscosity. Static stability was determined by the pres-
ence of sediment and water gain during storage of the

sample in static conditions. The solid phase mass
fraction was determined by standard drying method
according to GOST 27314-91, or according
to GOST 11014-2001; the particle size distribu-
tion, by wet sieving on 0.355 mm, 0.250 mm, and
0.071 mm sieves according to GOST 2093-82; and
the ash content, according to GOST 11022-95. The
lower calorific value was calculated using the
measured values of the weight fraction and ash
content of the solid phase. Recalculation of the
analysis results for various fuel states was carried
out according to GOST 27313-95.

Viscosity measurements were carried out
using RHEOTEST rotational viscometer in the
range of shear rate from 1.0 to 437.4 s! with
standard cylinder system S2. The measurement
temperature was 20+5 °C [6-12].

Further, at the pilot-plant stand (in semi-in-
dustrial conditions), the processes of CWF pilot
batch preparation and combustion in the boiler
unit of the pilot-plant stand were developed and
optimized. At the same time, the composition and
amount of harmful emissions originated during
the combustion were determined at the stand.

Based on findings of the studies on the
CWF preparation at the universal vibration testing
machine in two ways (mixing and grinding), opti-
mal type of the plasticizing additive (high molec-
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ular weight inorganic compound), its consump-
tion (0.3 %) and the solid phase mass fraction in
the prepared fuel (57.0 %) were determined.

Technical water

—

Filter cake

Then, on the basis of the results obtained,
experimental CWF batches were prepared at the
experimental stand using the process flow sheet
(PFS) shown in Fig. 1.

Plasticizing agent

Mixing in mixer

Sizing to grain size of 1(3) mm

to storage
+1(3) mm

Feeding middlings
(screenings)
I- LB

of 0-10 mm grain

Regrinding at jar grinder V size

Evaporated moisture

Homogenizing

Storage

Fig. 1. Process Flow Sheet of the CWF Preparation from Filter Cake

According to the PFS, the initial filter cake
and aqueous solution of the plasticizing agent
were fed to the batch mixer, and then the produced
water-coal slurry (in metered amounts) was fed to
the universal vibration-testing machine, where re-
grinding and further mixing of the produced CWF
was carried out. The universal vibration-testing
machine is a bicameral jar mill, consisting of con-
centrically located cylindrical chambers, filled
with grinding balls and interconnected by chan-
nels. The initial slurry enters the inner (central)
chamber of the jar mill, moves down and through
the channels enters the peripheral chamber. In the
peripheral chamber, the slurry moves upward.
Discharge of the milled material is carried out
through the external threshold of the peripheral

chamber. This principle of the jar mill operation
allows for low energy consumption for grinding
particles in the mixture at the required size of
large particles in the finished CWF. The prepared
CWF was pumped into storage tanks [12].

In order to stabilize the CWF quality in
terms of ash content, the option of supplying
screenings or crushed middlings of grain size of 0
to 10 mm to the jar mill was provided.

The influence of mechanical activation on
the structural and rheological characteristics of
finely dispersed coal slurries, produced on the ba-
sis of filter cakes in the specially created experi-
mental activator pump, was determined. In the ac-
tivator pump, the CWF was processed under con-
ditions of shear strain in the gap of 0.2-0.3 mm
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between two disks at relative angular frequency
of revolution of the movable disk of 2900 rpm. As
aresult, at the peripheral part of the disk, the shear
rate reached 2100-3160 s?, i.e. the conditions
corresponding to the ultimate failure of the struc-
ture were obviously implemented. Passing the

produced CWF through the activator pump re-
duced viscosity of the slurry by 30 % and in-
creased static stability of the CWF.

Table 2 shows structural-rheological and
thermophysical indicators of the CWF pilot
batches.

Table 2
Characteristics of the Prepared CWF Pilot Batches
Ash content Yield of >0.25 Solid phase Effective viscosity | Stability, Lower heating
A % mm grain size, weight frac- at shear rate of 81 days value,
' % tion, Gs, % st n, MPa-s Q! , MJ/kg
Filter Cake of Coal-Preparation Plant of Komsomolets Mine
26.8 1.9 56.9 178 15 ‘ 12.22
Filter Cake of Coal-Preparation Plant of S.M. Kirov Mine
48.4 14 56.6 148 15 8.24

It was experimentally determined that
the performance of the universal vibration-testing
machine on the initial slurry ranges
0.155-0.217 tph depending on particle size of the
initial slurry. At this operation mode of the ma-
chine, the yield of class +0.250 mm to the finished
slurry did not exceed the limiting value, required
under the burning conditions (R2s0 < 5 %) and
amounted to 1.4-1.9 %.

Considering that the content of micron clas-
ses of fineness in the initial product — filter cake
— is usually more than 70 % (see Table 1), it is
advisable to install a rod mill for re-grinding op-
eration in the pilot process system. The use of the
rod mill makes it possible to obtain solid phase
particles of more uniform size, and the presence
of micron-size particles in the initial product fur-
ther contributes to this. Thus, it becomes possible
to provide the solid phase particle size distribution
in the finished milled product to be close to bi-
modal. As a result, the solid phase content in the

finished fuel increases by 2-3 % while maintain-
ing favorable structural rheological characteris-
tics, that, in turn, leads to increasing the fuel heat-
ing value. To implement this condition, the rod jar
mill design was developed (Fig. 2); the operation
concept of the mill is similar to that of the bicam-
eral ball jar mill at the demonstration stand.

The jar mill consists of housing (1), divided
by inserts (2) into central (3) and peripheral (4)
voids, which are hydraulically interconnected by
slots (5) formed between the lower edges of the
inserts and the bottom (6) of the housing. Feeding
funnel (8) is installed on the upper cover (7) of the
housing. The voids are filled with grinding bod-
ies (9) (rods, balls). The voids are of rectangular
shape that allows using rods as grinding media.
Outside of the peripheral voids on their outer side
walls (10), outlet gutters (11) are fixed, connected
to the drain pipes (12). The housing is mounted on
frame (13) with springs (14). Vibration ex-
citer (15) is fixed on the housing bottom.
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Fig. 2. Design of the Developed Jar Mill

The jar mill operates as follows. The source
material and liquid phase (water) through the
feeding funnel 8 are fed into the central void 3 of
the jar mill chamber, filled with grinding medium
(rods or balls). Due to the impact of the vibrating
grinding medium provided by vibration ex-
citer 15, mixing of the incoming products and pre-
liminary wet grinding of the solid material parti-
cles are carried out. The resulting slurry through
the slots in inserts 2, enters the outer peripheral
voids 4 of the chamber, also filled with grinding
medium (rods or balls), under the shaking action
of which wet grinding of the solid particles con-
tinues. In this case, grinding medium moves up-
ward at speed being substantially lower than in the
central void that ensures high grinding efficiency
at lower energy consumption. In this case, the
slurry movement speed in the void is controlled
by changing the difference in level of the slurry in
the central and peripheral voids due to change in

the height of the outer side walls of the peripheral
voids. Since the material solid particle fineness in
the central and peripheral voids is different, the
size of the grinding bodies in the peripheral voids
is smaller than that in the central one. The milled
product from the peripheral voids is discharged
through the inner wall of the outlet gutters 11 and
tubes 12 into receiving tank (not shown in Fig. 2).
Thus, special design of the camera in compliance
with the proposed option enables using both balls
and rods as grinding bodies. This ensures imple-
mentation of more efficient wet grinding of mate-
rial in the jar mill to provide particle size distribu-
tion close to bimodal when processing mixture of
materials of different fineness [12—14].

CWEF Burning at Pilot-Plant Stand

The pilot batches of CWF were burned in
the boiler unit consisting of a boiler with thermal
output of 0.63 MW, fuel supply system, ash col-
lection system, blower heater for heat removal,
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and draft equipment [13]. The created boiler con-
sists of a firebox — a vortex combustion chamber
located in water-cooled case, and an economizer
for removing heat from hot flue gases generated
in the firebox. CWF is tangentially fed to the vor-
tex furnace through a burner with pneumome-
chanical nozzle. Blasting air is also tangentially
fed to the combustion chamber. The fuel is
sprayed by compressed air fed to the nozzle. The
fuel feeding is controlled by changing the fuel

pump motor speed. The combustion chamber is
equipped with water-cooled throat, which allows
to hold burning coal particles and sprayed CWF
droplets during the time required for their com-
plete burning. The two-stage dust collection sys-
tem consists of multicyclone collector and fabric
filter providing high efficiency of dust collection
from the exhaust gases. Table 3 presents the re-
sults of the tests on the CWF pilot batch burning.

Table 3

Results of the Tests on Combustion of the Coal-Water Fuel Pilot Batches

Indicator Value for Coal-Preparation Plant of:
S.M. Kirov Mine Komsomolets Mine
Boiler thermal output, MW 0.47-0.57 0.52-0.66
Temperature conditions in firebox, °C 980-1050 980-1050
CWF consumption, kg/hr 220-250 170-210
CWEF pressure, MPa 0.20 0.19
Compressed air pressure, MPa 0.21 0.20
Furnace off-gases temperature, °C 250-260 250-260
Energy efficiency ratio, % 0.83 0.85

Conclusions

1. The process and equipment have been
developed for preparation and burning (at small
and medium capacity boiler plants) of slurry coal-
water fuel, produced from finely dispersed coal
preparation waste (filter cakes) from coal prepa-
ration plants of Komsomolets Mine and Named
after S. M. Kirov Mine. It was shown that, based
on these wastes, it is possible to produce slurry
coal-water fuel with solids content of 56-60 %,
the required structural and rheological character-
istics, and lower heating value of up to 13 MJ/kg.

2. The boiler of thermal output of 0.63 MW
with vortex combustion system, efficiently oper-
ating using coal waste fuel, was developed, man-
ufactured and tested. The boiler operation tests on
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