ABSTRACT

PARSEP FINE COAL DRYING
R BUISMAN
Particle Separation Systems Technologies (Pty) LidPSS)

Fine coal produced by filters or screens or final cecovered from tailings is
normally high in moisture at + 15 — 30 % due toltigh surface area of fine coal and
inherent moisture inside the coal.

Most coal mines are desirous of having the find cm@overed below the 12 %
moisture content.

Mechanical dewatering methods using equipment aadbelt filters, drum filters, belt
presses or filter presses normally achieve 20 % 3ihal cake moisture. Mechanical
dewatering is possible down to 15 — 20 % usindpairbecomes very capital intensive
to achieve lower moistures.

Using mechanical means the cost of reduction irstage increases up to a point
whereby thermal drying takes over and becomesriferped economical method.

The Parsep dryer utilises a combination of meclahaicd thermal drying in the form
of applying Medium Wave Infrared Radiation (MIR)dar vacuum.

The (MIR) emits energy at a 3 micron frequency (IWNihich is similar to the water
molecule absorbance of this energy.

The negative pressure greatly assists with thefieaof this energy into the substrate
and removes all vapour away from the substrate.

Presentation of the coal fines onto the Parsepr isyeery important and greatly
affects the evaporation rate of water from the €inal.

The problem to find a suitable method to presem ioal to obtain high evaporation
rates has resulted in the conversion of the Rat@sgireen into a Rotaspiral
granulator.

Whereas Medium Wave Infrared Radiation (MIR) oroin evaporates 1.3kW
due to inefficiencies of a given system it is gafigraround 0.8 /kW. Using a
negative pressure results in evaporation ratesdeetvi.5 — 4.0/kW depending on
the presentation of the coal.

The results obtained by using a combination obirgfd and negative pressure,
indicates a very different symbiosis. With effioages previously thought to be
impossible to obtain in excess of 200 — 300 % rendehe Parsep dryer a very
economical alternative.

The paper presented discusses the operation &fattsep dryer and results achieved
to dry fine coal.



Background

PSS through its steel belt technology was provigigd development funds from
Anglo Coal and De Beers Diamonds in 2002 to devaldpying technology for fine
coal and diamonds.

Hot air flows, elements, microwave, radio wavesrstvave infrared and medium
wave infrared waves were investigated.

Eskom Research developed a fast response mediuminfaared radiation which
was proven to be very effective and simple to dgera

PSS successfully adapted the technology and stieediamond drying process but
could not get the drying of fine coal to be a sssce

Test work was undertaken at Kleinkopje Coal Coflier dry the filter press cake
from 28 — 30 % moistures to 10 %. This could b@eed only by raising the
emitters to prevent the fine coal from combustifigpis causes the transfer of energy
to reduce and become less efficient.

The results were very much influenced by the wayfitne coal was presented, i.e.
whether in lumps, crumbled or complete powder.

Drying of fine coal for various companies was parfed on Bench scale such as
briquettes in various shapes and sizes and extqelézts and granulated fine coal.

It was found that briquettes are too big and causimeffective negative pressure in a
Parsep dryer. Any compacted pellet, briquettextuded product is too hard for the
heat to penetrate and moisture to escape. Ifdhki€ compressed using too much
pressure it will take too long to evaporate watet & dry.
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The most efficient “dehydrating” performance wasgoanulated fine coal in the 5 —
10 mm size range.

Granulated coal is not compressed and moistureseape and heat can penetrate.

Also a 5 mm granule is much harder than a 20 mmujea5 — 10 mm granules
remain hard and can absorb impact much more tmgarlécompactions”.

Based on these results PSS embarked on a technelogly development produces
small granules from fine coal and produces a hesdyct granule below 10 %
moisture achieved by evaporation rates of 3 —rddlibf water per kW.

In 2009 a company was formed with Canadian parmeisalled Parsepco (Pty) Ltd
50 % PSS and 50 % Fisher Technologies of Canadeagfeement with Enprotec a
Witbank based company for Africa to develop the fomal granulating and drying
process.

Parsepco Fine Coal Granulation Process

In order to prepare the fine coal for drying using Parsep dryer the best drying
performance was to use a 5 — 10 mm diameter gramalgesulting in a fine coal
granulation development.

PSS has taken the design of the rotaspiral scregigen it a solid wall. The result
is that granules roll in a “fixed” path between Hperals.

By operating a fixed path the granules all conglateeat the same pace and end up
being in the same size range.

By being the same size a good air utilization tgkase in the Parsep drying process.

In order to get good granulation the binder isadtrced in a mist to obtain maximum
contact with the coal particles.

The Binder

The binder is a carbon based formulae but addddgads a PSS patented additive
being autogenously micronized cement with a P8D micron.

Cement is known to harden coal granules and briggi®ut the problem is the
increase in ash content of the coal.



However autogenously micronized cement has veryrglexposed surfaces which
react extremely fast and when combined in a bin@&d provides a huge impact on
the curing and hardening of coal granules using mite quantities of cement.

Dry Milled cement is Autogenously Micronized
rounded and reacts provides for high reactive <
much slower. surface cement. 4 Q
P80 - 45 micron P80 - 2 Micron
1 off x 45 Micron is equal to : 11920 off x 2 Micron
Cement Cement

1 x 45 micron cement particle = 11930 x 2 micromticées

Hence only 100 — 200 gram of autogenously micrahzament into a binder has
virtually no effect on the ash content of the asbBubsequent process.

It does provide for rock hard granules which cartraesported, exported and are
waterproof.

Binder addition is around 1 % by weight and usiapgenous micronized cement 1
% by volume of the binder, i.e. 0.00001 % cement@ene of granulated coal (100
gram).

Binder addition is diluted to 10 % and increasas ftoal moistures typically from 20
to 25 % or 25 to 30 %.

Parsep Drying

The granulated product is passed over a stati@drsgireen onto the Parsep dryer to
minimise impact and breakage.

Particle Separation Systems Technologies (Pty(R&5-T) has through its patented
Parsep Steel Belt Drying Technology (SBpand in combination with Medium
Wave Infrared Radiation (MIR) developed a technglogpable of economically
dewatering and drying fine coal granules.

The technology applies direct negative pressutegaranulated coal substrate,
which is transported on a woven steel belt whikeghbstrate is subjected to Medium
Wave Infrared Radiation from above.

Steel belts are unaffected by variances in tempersitup to 800°C and can easily
accept high temperatures.

The (MIR) emits energy at a 3 micron frequency Wwh&similar to the water
molecule absorbance of this energy

The negative pressures created by vacuum gredist sise transfer of this energy
into the substrate and remove all vapour downwaiayadrom the MIR emitters.



Efficiency

The overall efficiency of the system (Parsep d&/éIR) is the ratio of useful work
done to total work supplied. When removing mostisom a substrate, the
temperature of the substrate needs to be raised alith the bound and unbound
moisture in order to impart the required extra gp¢o accelerate evaporation.

The higher the mass of the substrate, the highteisequired energy to raise its
temperature. This energy is eventually lost &fterdesired evaporation has taken
place and the substrate cools, losing the enertgyetsurroundings. The same applies
to the water which remains and is not evaporathigk-initial moisture means more
energy to heat all the water and the moisture neimgiafter the desired evaporation,
also cools. These two components have a signifieli@tt on the overall efficiency.
This is apart from the energy absorption efficien€yater, which varies with
temperature/wavelength of the emitter — that wisahot absorbed, is either
transmitted through or reflected from the water.

The combination of Parsep dryer & MIR technologividnich additional patents
(PCT) have been filed in 2005 have resulted inxdremely energy efficient system.
The work required by a substrate and configuréeeinfrared exposure alone to
achieve the desired production parameters norreafherience efficiencies with only
Infrared Radiation. This efficiency is between 48%@ 70%.

The results obtained by the test work using a coattwn of Infrared and negative
pressure, indicates a very different symbiosis"afficiency” now seems to be a
"coefficient of performance"” which is far greatean unity. With efficiencies
previously thought to be impossible to obtain.



Medium Wave Infrared Radiation

Heat Transfer

Heat transfer is the process of heat energy flovirioigy a source at a high temperature
to a load at a lower temperature. The three forinkeat transfer are conduction,
convection, and radiation (infrared.) Conductiortws when there is a transfer of
heat energy due to a temperature difference winirobject or between objects in
direct physical contact. Convection is the restilh d&ransfer of heat energy from one
object to another via a moving fluid or gas. Radrmatheat transfer can occur by
infrared, ultraviolet, microwave and radio wavesfrdred (electromagnetic radiant
infrared energy) is the transfer of heat energyimasible electromagnetic energy
waves that can be felt as the warmth from the sua downwind fire or other hot
objects.

Electromagnetic Energy

Infrared rays are part of the electromagnetic spattInfrared energy travels at the
speed of light without heating the air it passeough, (the amount of infrared
radiation absorbed by carbon dioxide, water vapanol other particles in the air
typically is negligible) and gets absorbed or retiiel by objects it strikes. Any object
with a surface temperature above absolute zer@®@°F46r -273°C will emit infrared
radiation. The temperature of the object as weltsaaphysical properties will dictate
the radiant efficiency and wavelengths emittedrared radiation can be compared to
radio waves, visible light, ultraviolet, microwayeand x-rays. They are all
electromagnetic waves that travel through spadbeaspeed of light. The difference
between them is the wavelength of the electromagmeatve. The infrared radiation
wavelength is measured in microns (um), startin9.@® pm and extending to 1000
um. Although the useful range of wavelengths féraired heating applications occurs
between 0.70 um to 10 um. An emitter at a particidmperature emits power over a
range of different wavelengths.

Infrared Heating

Infrared heating is the transfer of thermal enemyythe form of electromagnetic

waves. True infrared heat should have one commaracteristic: that the transfer of
heat is emitted or radiated from the heated objecsubstance. The source emits
radiation at a peak wavelength towards an objduoe dbject can absorb, reflect and
re-radiate wavelengths. It is the absorbed radiati@mt creates the heat within the
object.

Infrared heating varies by efficiency, wavelengthdareflectivity. It is these
characteristics that set them apart and make sormoee raffective for certain
applications than others. Varying levels of effiaig are possible within IR heating
and often depend on the material of the heat solive basic measure of efficiency
lies in the ratio between the energy emitted ane #mergy absorbed. Other
considerations may affect this measurement. Ontbeisemissive value of the heat
source as based on the perfect 'black body" emissixel of 1.0. Ceramic emitters are
capable of 90% or better emissions as opposedetdother values of other heater
substances.

The useful range of wavelengths for infrared hepsipplications fall within the range
of 0.7 to 10 microns (um) on the electromagnetiecium and are termed short
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wave, medium wave or long-wave. The medium to loagge wavelengths are most
advantageous to industrial applications since aralbsnaterials to be heated or dried
provide maximum absorption in the 3 to 10 um regiénergy from an infrared heat
source that also emits light (short-wave) whichiaggfly emits 80 % of its energy

around the 1pum wavelength; whereas the ceramiargdr medium wave emitter

emits 80 % of its energy around the 3um wavelength.

The emission efficiency of the infrared heatingwaat itself is not enough since they
are used within a fixture. The reflectivity of tlixture greatly contributes to the
overall efficiency of the heater. The elementstgpécally housed within the effective
combination of aluminium / stainless steel cladebr. The steel adds strength and
rigidity while the polished surface makes for higtlectivity and minimal heat loss.
Infrared Absorption and Reflection Rate of Mateyihe amount of energy absorbed
or reflected by a body can be determined for ajects and is dependent on the
wavelength of the radiation. This is beyond thepgcof this discourse therefore for
absorption and reflection percentage rates foriipenaterials please see a Physical
Property of Materials table. For exact wavelengtisoaption and reflection for
selected materials similarly please see a tabkpentral absorption curves.

Water Absorption

The accompanying charts show the graphs of twotersit- one at a temperature
causing it to radiate at Short Wave with a pealatret power wavelength of 1

micron, and the other at a temperature causing liadiate at Medium Wave with a
peak relative power wavelength of 3 microns.

In each chart is a graph showing the ability ofevgtnoisture) to absorb energy at
various wavelengths, the energy not absorbed iseriteflected or transmitted
through. As can be seen, water has a peak almoiptthe region of 3 microns and 6
microns

The power radiated by the Short Wave emitter ai@@ans is far lower than its peak
relative power — the remaining power being "wastedulting in low overall energy
efficiency.
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The opposite is true for power radiated by a MediMave emitter — here as can be
seen a significant portion of the radiated enesggfiiciently absorbed.

The peak relative power reduces for each succdgdomeer emitter temperature, thus
the amount of energy available at Medium Wave algb be significantly higher than
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a Long Wave emitter working at the other high apson peak for water at 6
microns.

The high efficiency and relatively higher powerigdbn results in Medium Wave
being the obvious choice for efficiently removingter from substrates.



General Parsep Drying Technology And Principle Of
Operation

The Steel Belt Dryer (SBD™) is a simple machineictuses a woven endless steel
belt.

The steel belt has a nominal aperture of 200 miarahis joined using a clipper joint
(pin seam).

The belt circulates in linear motion around a $edudleys using positive bending
only.

- _

Tracking
7//

The belt is driven by a drive pulley, which drivibe belt, aligned by the tracking
pulley, and tensioned by the tail pulley.

The vacuum boxes are situated inside the steeubdirneath the horizontal path of
the steel belt.

Direction of Travel

Substrate

Vacuum H H T Belt
Slides Chute

Vacuum

Suction

In order to track the belt the tracking roller twe belt return is pivoted using
spherical bearings. The tracking roller is coméblvia a Camtac tracking valve using
a pneumatic bellow system.



The air in the tracking bellows is directly linkemland in equal volumes of air to that
of the tensioning bellows. Air pressure is limited? - 6 bar using a supply air
pressure valve. Because steel belts do not stnetedn extra length is required by the
belt on one side the tensioning must allow a redoah tensioning on the same side.

The MIR section consists of Medium Wave Infraredii@idon (MIR) emitters
mounted on ceramic fibreboards.

The emitted energy heats the water molecules, wsublsequently reduce the surface
tension and overcome the molecular bonding withsthestrate. The negative
pressure created by a vacuum removes the moistweg;, from the emitters and assist
with the energy transfer into the substrate.

The emitters are adjustable in height above thetsatie.

Power

== Supply ‘ Emitter board to
\ Substrate distanc

Thicknes
Substrate

The evaporation of moisture accelerates as thdrsibseats up to approximately 80
— 100°C by which time the moisture content in thiessrate is below the free moisture
target.

The emitters are inside a stainless steel, coated hArrays” or emitter banks. The
sides are raised to accept a 5 mm clearance betiwedwod and the belt.

The symbiosis of both Medium Wave Infrared Radia{iplIR) and the Steel Belt
carrying media under vacuum provides for an effic@rying technology.

Main Benefits

The main benefits of using the Parsep Steel BBM{R technology are that the
operation is:

Silent

Simple

Economical

Dust Free

Low Maintenance

Instant Production

Instant Shut down

Can stop under full load

Can start under full load

Can accept wide range of conditions
Safe and environmentally friendly
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This technology has been proven:
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Granulating and Drying Economics

The main question of every coal mining company:

What is the OPEX?
What does it cost to granulate and dry fine coal?

Binder

At current prices £ R8 — R10 per tonne (USD 1.0SBUL.25 per tonne)

Drying

This very much depends on the feed moistures sgbplit can be worked out to
an evaporation rate of 2.5 — 4.0 litres per kW pitglly for South Africa this
equates to R30 — R40 per tonne (USD 2.50 — USD ®&7%onne)

Example

@ 30 % cake moisture (bad moisture)
1 dry tph = 1428 kg (wet)

1 “dry” tph @ 12 % = 1136 kg (dry)
Evaporation required 292 kg water
292=73.0 kW per tonne

4.0

@ RO0.50 per kW = R36.50 per tonne

NB: The wetter the cake the higher the evaporatitesta
A waste heat dryer utilises the waste heat of thherd@ + 80°C whereby the actual
drying takes = 4 minutes — waste heat drying takese @ 25 % of the retention

time, i.e. 16 minutes.

Although the air is moisture laden the waste heatés” and “dries” the granules by a
further 3 — 4 % at no additional operational expéns

Conclusion

The Parsep technology of granulating on bench ssgdeven and on pilot 100 kg

per hour is as good as proven. The drying usiagPtrsep dryer has been proven and
is commercialised.

The overall technology will be available in modularmat capable of granulating and
drying 15 — 30 tph per module depending on feedstumes at an operating expense
of R30 — R50 per tonne (USD 3.7 — USD 6.3 per thnne

The technology is simple and easy to maintain.

The technology is silent, dust free, can be stsfarted to production in 1 —2
minutes. The dryer can be stopped under full bxadican be fully-automated.
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For any further questions ask the author.

REIN BUISMAN
Director
Particle Separation Systems Technologies (Pty) Ltd
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