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Abstract

Dewatering of coal slurries is facing new challenges due to finer particles in the
slurry, the requirement of lower product moistures, minimized water consumption,
and reduced environmental impact and costs. Thermal dryers are therefore often
replaced by mechanical dewatering units. Moreover the quantity of waste material,
i.e., coal tailings, is reduced to improve coal recovery and reduce environmental
impact. Coping with these requests requires very efficient dewatering units that are
operated under optimal conditions. Moreover new or alternative process concepts
have been developed which include a combination of different dewatering units and
upstream feed classification. Three examples of new process concepts are
presented where feed classification and three different types of centrifuges allowed a
gain in product recovery and a replacement of a thermal dryer with a combination of
centrifuges and hyperbaric filters resulted in less solids in the effluent and a lower
product moisture, and where a pond thickener is combined with a centrifuge to arrive
at a closed water circuit solution.

Introduction

Coal beneficiation plants aim at higher capacity, improved product quality, minimized
water consumption, higher capture rate and reduced environmental impact. As a
consequence modern coal beneficiation plants become more and more complex. In
addition lower product moistures are being demanded and at the same time even
finer particles must be handled representing a fraction in the range of 7% of mined
coal. Higher recovery rates means that more of the mined coal is ultimately available
as valuable product and at the same time less waste is produced as tailings reducing
deposition into slimes ponds/dams [1]. Historically the ultrafine fraction was
discarded, mainly for cost reasons as well as the difficulties in dewatering this
material. But ultrafine coal is a particularly valuable product when used as
metallurgical coal and for blending and pelletizing. The trend to reduce energy
consumption has led to a replacement of thermal drying units in favour of high
performance mechanical dewatering ones [2]. The fine (<600 pm) and especially the
ultrafine (<150 um) coal particles pose a challenge for the separation process, due to
the large surface area and thus a high quantity of surface moisture. More separation
stages, individually adopted process concepts, and properly selected high
performance dewatering devices are required to cope with this challenging situation.



Centrifuges, i.e., mostly screen bowl centrifuges, and filters are widely used to cope
with the dewatering task of coal flotation concentrates. Among filters one can
distinguish between filter press, belt filter and drum or disc filter where the latter one
can be operated under vacuum or pressure. Filter presses operate discontinuously
whereas disc filters operate continuously. Therefore disc filters are often preferred
over filter presses when very large throughput must be handled. If filtration is difficult
asking for a high dewatering driving force, continuous pressure (hyperbaric) filtration
is preferred over vacuum filters [3] or centrifuges. While there are obvious
advantages of a hyperbaric filter, the design of such a filter is certainly more
challenging than vacuum disc filters. Moreover air consumption is higher mainly due
to the cake drying step i higher differential pressure results in higher air flow 7 which
may even become unacceptable when the cake is prone to large shrinkage cracks
[4]. Centrifuges or filters are often preferred over filter presses for cost reasons. But
centrifuges tend to face difficulties with product recovery of particles below 10 pm
resulting in an overload of ultra-fines in the downstream thickeners. Therefore a
combination of a centrifuge and a hyperbaric filter or a filer press gives sometimes
the best solution in terms of product recovery and cake dryness [5]. There the
hyperbaric disc filters are confronted with only the very fine fraction, i.e., the filtrate
which exits the centrifuge.

An overview of various modern dewatering equipment is given with focus on
hyperbaric disc filters and various types of centrifuges. Three specific examples are
presented highlighting modern dewatering processes that utilise various types of de-
watering equipment.

Overview of Andritz dewatering equipment portfolio

Today Andritz AEnvi r on me nt adivisiégh isRmr tbecpesitisnoto supply the
entire range of mechanical and thermal technologies for dewatering in the mining and
mineral sector but also in many other sectors, e.g., sludge and food dewatering.
Andritz has a world-wide present with offices across Europe, Asia, Africa, Australia
and t he AThis warlctvede presence has been the consequence of several
acquisitions and internal growth.

Technology headquarters are Graz, Austria, with rotary filters, Cologne, Germany,
with industrial centrifuges and overhead filter press, Selb, Germany, with side-bar
filter press, Senden, Germany, with filter plates, Chateauroux, France, with municipal
centrifuges and screens, and Arlington, USA, with industrial centrifuges, belt press
and screens.

Figure 1 gives an overview of the main dewatering products for coal:
Hyperbaric rotary filter

CPF pressure filters

Bird and Humbol dt centrifuge range
Rittershaus & Blecher filter presses

T> T T T



A Netzsch filter presses
A Lentmrlates f i |

Centrifuges Filter Presses Belt Presses
Screen Bowl

Filter Plates Filtration
HBF Filters

Figure 1: Overview of solid/liquid separation in mining by Andritz

Dewatering process upgrade for coking coal by new centrifuges i
Example A

High quality coking coal requires less than 10% moisture, which challenges
mechanical dewatering. A new process concept was developed and gradually
installed allowing for almost uninterrupted production at Zofiéwka, Poland. The coal
was classified, and dewatered using the latest screen scroll centrifuge, a vibration
screen and a screen bowl centrifuge were used for medium, coarse, fine fraction,
respectively [2]. Figure 2 displays a simplified flow sheet of the old process concept
at the Zofibwka plant in Poland.

The process was revamped by implementing six major changes that are listed in
process flow sequence below. Figure 3 shows a simplified flow sheet of the
modernized plant.
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Figure 2: Simplified flow sheet of old dewatering process at Zofiowka, Poland
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Figure 3: Simplified flow sheet of the modernized dewatering process at Zofiéwka,
Poland (blue indicate new centrifuges)



1. An OSO, rotary conical sieve performs the initial classification of the jig
overflow (P2) into a coarse 20x2mm (N1) and a minus 2mm (N2) fines
fraction. The rotary sieve has a 3mm aperture.

2. The coarse fraction from the rotary sieve screen N1 is dewatered by horizontal
vibrating basket centrifuge, (AES 1300). The dewatered product (N4) has an
ash content of 6 to 7 wt.% based on dry conditions and the products contains
less than 6,5 % surface moisture. The centrifuge can treat 200tph (see Figure
4).

3. The fines fraction of the rotary conical sieve screen N2 and the vibrating

Figure 4: Vibrating basket centrifuge type AES1300

basket centrifuge effluent (N3) are combined in a distribution sump and
pumped (N5) to hydro-cyclones for further classification into a 2x0.3mm
underflow (N6) and a minus 0.3mm overflow(N7)..

4. The classified underflow from the hydro-cyclones (N6) is fed onto vibrating
screens producing an overflow fraction (N9) between 0.7 and 2mm and an
underflow(N8) of between 0.3 and 0.7mm..

5. The coarse 2x0.3mm fraction from the vibrating screens (N9) is pumped to the
flotation plant. The flotation concentrate less than 1mm (N16) enters the
screen bowl centrifuge with a solid concentration of up to 40 %. Figure 5
shows the centrifuges in the Zofiéwska plant. The dewatered product (N17)
has an ash content of 6.6 % wt (based on dry conditions) and contains 11 to
14 % moisture. The six Andritz AS 11 centrifuges manage up to 50 t/h
each(based on air dry conditions).




6. The screen underflow N 8 is thickened
within hydro-cyclones before the solids
enriched stream N 10 is treated in screen
scroll centrifuges, Andritz type AH 1000
which is shown in Fig. 6. The product
stream from the centrifuges N 12 has an
ash content of 8 to 10 %wt and contains
surface moisture between 8 and 10 %.

Besides the six mayor modernisation parts, the
fine fractions are again handled in thickeners,
whereas the dewatered products streams from
all centrifuges are combined with the crushed
coal from the washing process of the same
plant P 3, which resembles the final
commercial product, containing 9,5 to 10 %

moisture, thereby meeting the product quality

specifications.

Figure 5: Screen bowl
centrifuges AS11 at Zofidwska,
Poland

Figure 6: Andritz screen bowl centrifuge AH1000




Dewatering by screen bowl centrifuges combined with hyperbaric
disk filters or filter presses i Example B

Screen bowl centrifuges are able to dewater large coal slurry flows and to produce a
solid product with low residual moisture. However, a fines loss occurs particularly in
the screen area. A recovery of these fines is beneficial to increase the amount of
saleable material and to reduce the waste fraction. A significant recovery of this fine
fraction can be accomplished by using hyperbaric filters (HBF) or membrane filter
presses, which are shown in Figs 7 and 8, respectively.

Figure 7: Pressure vessels (diameter approximately 4 m) with hyperbaric disk
filters inside with

Figure 8: Overhead filter press



The moisture content of the super-fine coal fraction can be reduced to less than 15 %
residual moisture and a further process stage of thermal drying can be omitted. In
Figure 9 the flow sheet shows a coal plant in Slovenia with an overall capacity of 210
t/h which is split into two approximately equal streams that are dewatered by screen
bowl centrifuges [5]. The filtrate and centrate from the centrifuges are treated by two
hyperbaric filters of 96 m? each. The dewatered end product of this super-fine coal
has a residual moisture of 17 % and the effluent contains less than 5 g/l. This gives a
solids yield above 99 %. Instead of the hyperbaric filters membrane filter presses
could have been used to cope with this task.

Figure 9: Flow sheet of coal dewatering process in Slovenia consisting of
screen bowl centrifuges and hyperbaric disk filters

Dewatering by screen bowl centrifuges combined with paste
thickener i Example C

Screen bowl centrifuges can be employed for dewatering the settled product of paste
thickeners. A flow sheet is shown in Fig. 10. Coal froth or a mixture of gravity
concentrate and coal froth is fed to a paste thickener. This raw feed has a solid
concentration of 200 g/l. The thickener acts as a settling tank where the larger and
heavy fraction sediments and settles at bottom of the vessel where it is removed and
conveyed to a screen bowl centrifuge for dewatering. This thickened coal flow
consists of 160 - 180 m®h with a solid concentration of 340 g/I. The clarified liquid is
decanted and escapes the thickener via the clarification cylinders and the overflow
launder.

The effluent from the screen (also termed filtrate) as well as the one from the bowl
(also termed centrate) are re-circulated to the paste thickener. The centrate has a
qguite low solid content and therefore it is normally not re-cycled but discarded.
However, the centrate supports flocculation and thereby improves the sedimentation
process, since the fine particles are agglomerated by the flocculants and settle along
with the raw feed.



