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ABSTRACT

The need for the research into the tribo-electtimsteparation of South African high ash coal
had increased significantly due to the depletiothim reserves of high grade coal, increase in
SO« and NQ generation of low grade coal and increase in thé@lSAfrican power utility’s coal
burn rate. Wet coal beneficiation techniques hasenbreported for the beneficiation of South
African fine coal, no info is available on dry bépomtion of South African coal using tribo-
electrostatic technique. Hence, the dry coal beraion method which serves as an alternative
approach to wet coal cleaning processes must loedtuimportantly, for the coal producing

countries such as South Africa (SA) where frestewigtscarce and precious.

This research presents an experimental study afyrdtibo-electrostatic separation (RTS) as an
alternative approach for beneficiating steam coaihig used in South African power plants. An
RTS with an octagonal charger has been used iffibextiag eight types of South African coals
with a feed coal ranging between 22% and 40% astent The cleaning potential of the coal
samples was first evaluated using sink/float amettic froth flotation test with the -177 pm coal
fraction and then using the rotary tribo-electristaeparation in one and two stages. The RTS
tests were conducted under different system pammetuch as, applied charger potential,
applied separating voltage, air injection velocpgyticle feed rate, rotation speed of the copper
plated rotor and splitter distances were investidafor their effects on the separation

performance.

The two stage separation results with the -177 jzen fsaction show the RTS reduced Majuba

coal containing about 30.10% ash to a clean proafut#.30% and 19.46% ash at a combustible



matter of 15.10% and 53.02%, respectively. Therdalosalue for the feed coal was increased
from 20.15 MJ/Kg to 27.48MJ/Kg with combustible teatof 11.10% after the second stage of
separation while the single stage separation pexlacclean coal product with 25.67 MJ/Kg,
16.10% ash and 29.23% combustible matter for Mapdzsd. The RTS process reduced the ash
content of the -17am coal fraction by nearly 14.92% for the Klipfomtezoal and 12.21% for
the Liketh Townlands coal, with corresponding costllale matter values of 10.73% and 8.90%,
respectively. Total sulphur content was also reducem 2.10% to 0.92% for the Klipfontein
coal and from 2.81% to 0.40% for the Liketh Towmlarcoal at corresponding combustible

recovery values of 5.74% and 8.90%, respectively.

Under the same operating condition, one stage & Bdparation produced a clean coal product
with 14.80% ash at a combustible recovery of 28.2d% a coal feed with 22.12% ash for the
Koorfontein coal. Cleaner coal of about 14.50% asil 17.43% combustible matter was
obtained at 0.6 cm away from the negative electradd 15.72% ash with 28.12% combustible
matter at splitter position of 1.0 cm away from tiegative electrode. The total Power loss
model (P( ) was used to analyze the experimental data foetieegy consumption or required
for octagonal rotary charger at a surface tangesfiaed of 2500 rpm. The X-ray diffraction

analysis of the feed, single and second stageproducts confirmed a reduction in the mineral

content with an improvement in the organic compasifor all coal samples.

The studies showed that rotary tribo-electrostsgigaration (RTS) technique can be applied for

effective dry coal cleaning of South African coal.
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CHAPTER ONE

1.0 Introduction

1.1. Background and Motivation

The need for the research into the tribo-electtimsteparation of South African high ash coal
had increased significantly due to the depletiothereserves of high grade coal, and increase in
the South African power utility’'sburn rate, which had risen at an annual rate of%4,5rom
88Mt in 1999 to 125Mt in 2007 (Piet and MoothooP8) The republic of South Africa (RSA)

is the fourth largest coal-producing country ane third largest exporter of coal, behind USA
and Australia (Budge, 2000). South Africa (SA) mirlg ranked in the world as the second
country that is heavily dependent on coal for getieg electricity (WCI, 2008), and with its
present consumption rate in utilizing coal to gateerelectricity, a mere 7 billion tons might

remain by 2040 and future coal reserves is expdotbd high in ash (Mbendi, 2004).

In 1982, the coal reserve in South Africa was estéd to be 50 billion tons. An estimated 74%
of the 5.3 billion tons of coal mined in South Afitill 2003 came from Witbank and Highveld
coalfields (Fauconnier, 2005). In addition, outtleé 150 — 160 megatons of coal produced for
the domestic market in 2000, approximately 92 nmgaand 51 megatons were used by Eskom
and Sasol respectively. The remainder was usedhéycément, and other industries. A large
proportion of SA seams are generally believed tataia a high content of ash, and difficult to
wash. This is because it contains high Near GraMsterial which causes it to yield low
calorific value product, making it unfavourable feffective utilization (Falcon and Falcon,
1983; Dieudonne, 2001). In addition, SA coals @&mowned for being difficult to beneficiate

because the mineral matter is so finely entraingdimthe organic matrix.

1



South African coal (SAC) are Gondwana in origin amd characterized by high levels of ash
that are often finely disseminated throughout thal enatrix with thinner earth crust and lower
coal rank (Falcon, 1986). Their nature is differenthat of Northern hemisphere coals due to the
conditions prevailing during the course of its fatron and subsequent geological events
(Falcon and Ham, 1988). These coals are diffiaultlean, and their utilization in the power
plants generated pollutants that cannot meet tearCAir Act enacted by different governments
to limit SO« generation. The idea of using dry beneficiationhteques as an alternative
approach for the beneficiation of SAC started fritve uneconomical application of wet process
for the beneficiation of coal in fine fraction (®8@m). Hence, most of the coal beneficiation
processes employed in SA are based on wet techmiguidch introduces large quantities of
potential pollutants. The estimated cost of hamfieating these pollutants constitutes a major
disadvantage to many of these techniques (Lockhf84). Moreover, the large quantity of
water used or lost during coal preparation, cos¢e@ated with ancillary items, such as flotation
reagents, thickeners, cyclones and filtration mae$i coupled with the cost of managing and
treating large quantities of aqueous slurries geerdrduring wet beneficiation are some of the
challenges facing this technique, irrespectivehefrtmarket demand or the technical feasibility
of the wet beneficiation techniques. In comparisitbre dry beneficiation of coal has certain
advantages over wet beneficiation such as dry iremndf coal, less capital expenditure as it does
not require thickener to settle the fines andngilponds to discharge the effluents and retention
of high calorific value at the same coal qualitpquct. Therefore, there is a need to conduct a
detailed research using triboelectrostatic techaiggi an alternative approach in upgrading SAC
relative to introduction of future Fluidized Gasddéphurizer (FGD) plants in the post-utilization

stage at power stations.



Recently, extensive research had been conductedh@ndevelopment of high separation
efficiency dry beneficiation techniques, with ecomcal advantages and little engineering
constraints. These techniques are based on theratiffes in the characteristics of the coal
constituents such as specific gravity, grindabiiitsbility, shape, size, magnetic susceptibility,
electrical resistivity and frictional coefficientlence, with these differences in coal properties,
equipment such as fluidized bed tribo-electrosta@parator, air dense medium fluidized bed
separator, pneumatic tribo-electrostatic separgoeumatic jig, pneumatic table, electrostatic
sieve conveyor and Sortex machine applicable tteréift particle sizes, have been used to
beneficiate coal (Gidaspowt al., 1987; Cheng and Yang, 2003; Trigwat al., 2003b;
Weitkamper and Wotruba, 2004; Bisvedlal, 2005; Choungt al., 2006; Dwari and Rao, 2006;
Dwari and Rao, 2008). The findings of Steneelal. (1998) and Dwari and Rao (2008) on
Indian coal and Northern hemisphere coal, respalgtishow that dry beneficiation has the
potential of separating pyrite and mineral mattent pulverized coal before being fed into the
boilers. The success of this approach will deflpitenprove the existing boiler’s efficiency,
increase its life span, and improve the surrounditrgosphere. The cost of installing the dry

process can be justified by the improved perforreasfdhe power station.

In this study, an innovative rotary tribo-electaist separator (RTS) developed at the University
of Kentucky, USA, was used for the separation ghaaic matter from its mineral matter in coal.
The equipment relies on differential charge imphde the coal and mineral matter for effective
separation in an electric field. This researclspnés the application of single-stage separation
with middling recycling, as well as two stage sepian under the optimum process conditions
for maximum combustible recovery and improved cdhtowvalues using eight different coal

samples. The total sulphur of the feed coal ananeld coal from single and two stage separation
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were analysed along with the yield. The effectamflied charger potential, separation chamber
voltage, feed rate, injection air velocity, tangahspeed of the rotor, Co-flow velocity and
splitter distances that determine the process a#@parefficiency were also investigated. The
total sulphur of the feed coal and cleaned coal avedysed along with the particle distribution
as a result of the applied voltage in separatireg dbal particles. The mineral and organic
compositions in the feed, single stage and sectagk soal products were characterized using
the X-ray diffraction analysis to determine theeet§ of RTS separation. The performance
curves generated were used to evaluate the separp@rformance for all samples. The
washability test as well as the flotation rate tesis also conducted to study the liberation
attribute of the coal samples prior to the appiccabf RTS. The performance curves obtained
were used to evaluate the separation performancallfaghe samples. This investigation was
worth conducting due to the depletion in the resgref high grade coal and the fact that water
demands will be a major problem for present andréutdevelopments in coal processing in

South Africa.

1.2. Justification of the study

Several studies have been reported on wet beneitiaf coal both in South Africa and the
world in general, but none have been recordedardtly beneficiation of coal using electrostatic
separator in this country as proposed. Due to bserece of studies on dry beneficiation, it is
worthwhile to investigate the RTS system parameterregards on its influence on the
beneficiation of South African coal. Likewise, nomk has been reported on the recovery of free
ash and macerals separation of SAC using Tribarelgatic separator. Hence, this investigation
was worth conducting due to the depletion in tlsemnees of high grade coal in South Africa, and

the reproducibility in the cleaned coal productanted from the RTS.
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1.3. Problem Statement

The separation of coal components depends on tiferetice in the characteristics of the
constituents of the run of mine. All the techniqueaployed in coal beneficiation for the
removal of ash-bearing minerals in coal are basetthe differences in physical characteristics of
coal such as specific gravity, particle size, gaintity/friability, surface and electrical
properties. These physical properties also provige means of carrying out the separation
between the coal constituents, and therefore fdrentheoretical basis for the development of
beneficiation techniques (Tsai, 1982). Recentlyabwnd Rao (2006) had applied fluidized bed
tribo-electrostatic method for the cleaning of haggh non-coking coal and they found that the
increase in the separation of the macerals fromerala depends on the applied electrode’s

voltage and other varying system parameters.

Despite the encouraging incentives from the dryelieration techniques as an alternative to wet
processes for upgrading the quality of coal, theme still major challenges to be overcome.
Problems such as inferior separation or low recgvemperature and moisture content of the
feed coal, particle charged saturation and gresttention to dust control which are easier to
handle than slime, necessity for pre-screening mdoow size fractions, high sensitivity to
changes in feed (charges, size, moisture, ratepratdems facing dry beneficiation application
(Lockhart, 1984). These challenges are also appéctb some extent to wet methods. The
inferior separation or low separation capacitiesedounder this approach are as a result of
insufficient or inadequate liberation of the coalnemals from the organic coal matrix
(Mazumderet al., 1994), dampness that causes stickling and aggédioerof the particles of
opposite polarities which mostly occurs in the givag chamber, and the particle build up on the

surface of the electrodes as the applied separpbtential increases. One of the approaches to
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overcome this problem is by crushing of coal fineehable the pyrite to be liberated from the
macerals group by the difference in their grindabi(Tsai, 1982) and pre-heating of coal

particles to remove the surface moisture priorefoasation.

Perfect operating conditions are difficult to asieién charging particles in the charging chamber
and separating particles in the separating zone.ifdrease in the charger rotational speed in the
charging chamber causes charge backflow or discitarque to the particle attaining its
maximum charge density, thereby reduces the maiminf charges imparted on the coal
particle. This problem, along with low recovery agifflective separation under this technique
were optimized through the use of effective applidrging, separating potential and charger
rotary speed at both single and two stage of sBpardy considering all others operating

parameters for high separation efficiency.

1.4. Hypothesis

It is proposed that a novel dry beneficiation tegha (RTS) is feasible for the removal of ash-
forming minerals rather than reducing the sulphomtent aloneand also for improving the
guality of the SA coal by taking into account th&etences in the electrical characteristic of
coal constituents, and also the process paramatdr &s splitter distance, feed rate, charger
rotation speed, charging potential and separatodenpial. This result will form basis for further
research in the separation of various coals froifieréint deposits. Furthermore, the separation
efficiency of the RTS and South African coal mayfati significantly from those studied
conducted with other dry techniques before duehi® wnique compositional and surface

characteristics of the South African coal.



1.5. Aim and Objectives of the Research:
The aim of this study is to develop a cost effex@wnd sustainable dry beneficiating processing
route for separating South Africa coal organicsrfrits minerals using a novel triboelectrostatic

separator. This aim is expected to be achievedjubese objectives;

i.  To study the influence of mineralogy in determiniogtimal operating parameters for

coal cleaned through single and second stage étdxirostatic method.

ii.  To investigate the separation efficiency of thiht@que for improving the calorific value

and reducing the total sulphur in the pulverizedl esed in this study.

iii.  To investigate the separation efficiency of thisht@que for cleaning pulverized coal as

against froth rate test and sink/float technique.

iv.  To establish whether varying the operating pararaetél favour the separation of coal

organics from coal minerals within the set-up.

v. To determine the optimum process conditions forimarn yield and high grade coal by

running both single-stage and second stage sepatasts.

1.6. Structure of the Thesis
The thesis starts from chapter one with an intrddoautlining the importance of the research,

motivation behind it, problem statement and theaesh objectives.

Chapter two covers the literature review of thergimy mechanisms of triboelectrostatic

separation and corona electrostatic separatoryyding models that explained how contact



electrification can be achieved between two didsinmarticles.

The existing different techniques being utilizeddny beneficiation processes for separation of
coal organics from its mineral matter, and theiz#tlon of tribo-electrostatic separator is also
discussed with detailed focus on the investigateported by many researchers with regards to
various operating parameters and the coal progeirii€hapter three. The application of other
dry beneficiating techniques and other materiads tan be beneficiated through the use of tribo-

electrostatic techniques were also discussed uhechapter.

Chapter four discusses the detailed methodology experimental techniques used for the

characterization of the coal samples, tribo-elestétic studies conducted, froth rate test, and
sink/float analysis at different densities werecdssed in details. The analytical techniques used
in characterizing the feed and the cleaned prodwete thoroughly discussed and the results

obtained from the particle size analysis also preskin this chapter.

Chapter five discusses the results obtained fraXtnay diffraction analysis for the single and
two stage separation tests. The calorific valuestatal sulphur analysis conducted on the feed,
single and two stage products are also statedisnsdrtion. The results from the proximate
analysis of all the feed coal samples are presemetlding the single and two stage tribo-

electrostatic separation test, froth rate testvaashability test.

The thesis is concluded in chapter six which costathe drawn conclusions and

recommendations for future work.



CHAPTER TWO

2.0. Literature Survey (Mechanisms and theory of Tibo-charging)

The rapidly growing coal industry requires the depeent of new technologies and thorough
improvement on the existing techniques in the afedry beneficiation. Although many wet coal
beneficiation techniques have been reported forbeeficiation of South African fine coal,
scarce information on dry beneficiation of Southiédn coal using tribo-electrostatic technique
is not available. Wet coal separation techniques wster as separation medium, which
necessitates the costly dewatering process andases the transportation cost of the clean coal
product to the power plant. The application of @eneficiation technique has maintained a
number of advantages over this approach, in terimew energy consumption, no product
dewatering, less environmental pollution, and @sr®mical competitiveness since energy is not

expended in drying fine coal, as coal being mairdgd as fuel (Lockhart, 1984).

The differences in the surface electronic structfréghe minerals from the organic phases in
coal, and their electrical resistivities are resble for particle electrostatic separation (Kelly
and Spottiswood, 1989a), while the amount of chaegehangedbetween two contacting
surfaces and the difference in their work functiansl conductivities determines the degree of
separationElectrostatic separation of coal particles is bagethe fact that coal constituents can
be differently charged and separated when an edtelectric field is applied. The techniques of
charging, along with other co-acting forces - sush centrifugal and gravitational forces,
contributes to the effective separation of matsri@lanouchehriet al 2000). Inductive
conduction, contact or friction (triboelectrificati), and ion bombardment are three mechanisms

often required in the charging of particles (Harp&967; Kelly and Spottiswood, 1989).
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However, triboelectrification is predominately useatoal and minerals processing industry, due
to its effective particle charging and separatifficiency. Developmental efforts in this regard

have led to the design of a novel rotary chargéiclvwas used in this study for higher charging
magnitude and selectivity of particle charging. Téshematic representation of the rotary

separator is shown in page 63.

2.1. Electrostatic Processes:

The utilization of electrostatic separation tecluais| have been largely developed and employed
in various fields for mineral beneficiation and fgricultural applications (Trigwedt al.,2003;
Butcher and Rowson, 1995; Dwari and Rao, 2007). rber-typed techniques, which use the
induction of the corona charging, had been emplayesdparating raw materials into conductive
and non-conductive materials based on their condtyctCorona charging is applied in cases
where there is a large difference in the work fiorwctof the material involved. Due to the
similarity in the physical properties — such asthe work functions of the coal particles, the
rotor-typed technique had been found ineffectivetfe separation of the ash components in
coal. Triboelectrification, which is also influertteby the work functions of the materials
involved, has been found to provide an alternatipproach for charging and separating coal
particles (Higashiyama and Asano, 1998pi®pet al., 2001; Chen and Wei, 2003; Dwari and
Rao, 2008). This mechanism enables increased clmagmitudes for effective separation of

coal, and encourages more researches into dryibiatien.
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2.2. Charging Mechanisms
The three differentelectrostatic charging mechanisms/olved in materials processing are

discussedhn this section.

2.2.1 lon Bombardment

This process is one of the most efficient chargingcesses and can be applied in a consistent
manner to charge particles and droplets eithettigei or negatively within a relatively short
period of time, usually less than 1 sec. It canapplied to both insulating and conducting
particles in a wide size range. Henean bombardment of particles may be visualized by
considering the conductor and non-conducfdrelectric) particles touching a grounded
conducting surface. The difference in conductigitieetween the component particles in the
materials is usually an essential pre-requisite dosuccessful separation. The bombarded
particles are charged by feeding them through mmospphere of charged gases. The charged gas
is generated from a high-intensity electric fieketween the grounded roll electrode/metal and
one or several electrodes connected to a highgelsapply. Also, an increase in the distance
between the electrodes, and the magnitude of thkedpvoltage increases the current generated
and enhances particle separation efficiency (LanmtaGallo, 1976). Once the ion bombardment
ceases, the insulating particles are held, or pinteethe surface of the rotating roll electrode by
the electric image force and the conducting pa&rtlokes its acquired charge to ground very
rapidly. This is because there are no electrosfatices to hold it to the conducting surface
(Samuilaet al., 2005). In other words, the conducting particles aot affected by the corona
field; they are charged by electrostatic inductioncontact with the grounded roll and are
attracted to the high voltage. If the electrostédice is larger than the force of gravity or other

forces tending to separate the dielectric parfiden the conducting surface, the patrticle is held
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in contact with the surface (Knoll and Taylor, 1984

2.2.2. Tribocharging and Contact

Tribocharging occurs through both the contact dngr@nd friction charging mechanisms by
utilizing the differences in the surface electrostizicture of the particles involved. In both cases
the mechanical processes that produce the changég anaterials are sliding, rolling or milling,
impact and vibration of the surface at contactasaon of solid—solid, solid—liquid, and liquid—
liquid surfaces, and deformation leading to chatig&ibution at stress points (Mazumdral.,
2006). In the case of a rotary charger, which weeduor this study, the particles are charged
due to the collision between the cylindrical chaggchamber, particle-particle contact and the
rotating charger octagonal copper plated surfades &ction known as tribo-electrification
causes the transfer of negative charges (electfoms) the surface of one particle to another,
with two different polarities within the particlesSthe magnitude of tribo-electric charge
exchanged between two contacting surfaces will ni@épgon their relative speed, residence
time, the difference in their work function, and the pressure between the surfaces in contact.
Also, as the pressure increases, the area or tidaruof contact points increases, leading to a

very high surface charge density.

2.2.3. Induction Charging
This is the process by which static field is usedclharging particles. An uncharged particle
comes into contact with a charged surface sucHads pr screen, an electric field, and assumes

the same polarity and potential of the contactathea. These particles are then considered to
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have become polarised whether they were conductivdielectric (Dyrenforth, 1978). Under

this influence, a conductive particle will become equipotential surface by redistributing the
charge almost instantaneously via the groundedr.rdtoe particles will therefore acquire a
charge opposite to that of the high-voltage elelgtrgenerating the electric field (Inculet, 1984).
However, a dielectric particle will become poladzeo that the side of the particle away from
the charged surface develops the same polaritgeasurface and will remains polarised due to
its inability to effectively redistribute electron®yrenforth, 1978). For this reason, non-

conducting particles have no net charge and soeitier attracted nor repelled by the field.

Electrostatic separation between conductor aneéctiet is usually accomplished by means of a
single electrode whose charge is opposite to thtiteocharged plate, and whose particles are of
different charges which lead to attraction towatttls electrode. The movement of conducting
particles within the electric field can lead toatestatic separation of the conductor and non-
conductor (dielectric) particles. Effective sepematof the particles components can only be
achieved in conductive induction through large ediéhces in particle conductivity or work

function. Knoll and Taylor (1984) reported that floeces generated by induction separation are
generally weaker than that of ion bombardment duless particle charging, which reduces the

process efficiency

2.3. Electrostatic Approach:
The electrostatic methods, which are utilized ie thdustry, can be classified into two: (i)
corona separation, and (ii) tribo-electrostaticasapon. These methods utilize the differences in

the physical properties of organic coal and thobehe inorganic (impurities). The corona
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electrostatic method utilizes a rotating drum wéttsmall diameter of pointed electrode that
provides corona discharge. The other category ettmlstatic separation process is tribo-
electrostatic separation, which separates partiokessed on the difference in their electronic

surface charge, and various components within dntcte.

Electrostatic separation techniques are dependetitedifference in the electrical resistivities

and differences in the electronic surface structdrdne mineral from the organic phases in coal
(Kelly and Spottiswood, 1989a). This phenomenorbksathe two charged phases to develop
and maintain their charges and be deflected towamdsof two opposite electrodes. Hence, with
the application of various operation parametershenseparator the separation efficiency of the
coal particles can be improved. Each separatidmique requires different charging methods to
generate opposite polarities needed to effect aragpn and several theories have been put
forward to predict the amount of charge transfetvetiveen surfaces in contact. In this study,
tribo-electrostatic technique which involves pdeticharging by contact or friction with other

particles will be explored to separate coal orgarfioacerals) from coal minerals in order to

improve the quality of pulverized coal used in gatiag electricity in SA power plant.

2.3.1. Theory of Corona Electrostatic

The separation of particles using an electrostsarator involves the charging of particles in a
medium, and under a dynamics state. The chargdgadicles make contact with the rotating,

grounded roll-surface. Simultaneously, a separdtinge acts on it based on its inherent physical
and electrical properties, before separating owiféérent angles. The intensity of the electric

field is responsible for this action. There are tiwoces acting on particles in an electrostatic
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separator. The electrostatic for{fe) on a chargeg in an electric field of intensitf, is the

force responsible for the action between the clihpgeticle and the electrodes. On the other
hand, the separating force between two isolatedl simargesq, and g, in electrostatic separator

is known as the image force. This is the forcettheation between the charged particle and the

grounded surface. The forces are given as,
F=Q.E, 2-1)

WhereQ is the total charge and is the electric field intensity at a pointin spaceF is the

vector sum of all the forces, which is given by @mb’s law as

Pk, (2-2

In this casey is the distance between the charges Kni$ a dimensionless constant, with

magnitude}@m), wheree is the permittivity of the space between charggandq,. The

knowledge of the relative conductivity of the pals involved is very important because if the

particles are of the same sign after being chatigey will repel each other. In the vicinity of an

arbitrary test chargeq(), the electric field experienced by this chal'/_gfql) IS given by,

F
q- ) 4?;:2];1 2-3)
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As the magnitude of the test chargeincreases, the resultant electric field it expeses due to

fixed chargesg, and g, decreases, and vice versa. The limiting casetaredal, for the electric

field intensity E at a distance from an isolated point charge, when the magnitatieg

corresponds to a unit test charggd

In the case whereby the grounded surface is a,rthen the centrifugal forcds acting

perpendicular to the surface is given as,
R =Wt R, (2-4)

and the gravitational forcg, is given by

R =(7V6)ﬂ0€psg, (2-5)
where d, is the particle diameterp,is the density of the particlex is the rotor angular

velocity, andRis the rotor radius.

The maximum charge(,,) that can be imparted on a particle in the coffaeid is given by

Q. =K, S, E =4K, m’E, (2-6)

(Mora, 1958; Barthelemy and Mora, 1960)

WhereS, , is the surface area of the particle and is etpialr >for a spherical particle with

radius r. E

represents the ionic field intensity, whil&, is a function of the dielectric
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constants of the medium and particle and also dig@shape (e.g., for free spade, = K¢, )

and K is a function of the shape and dielectric constdtihe particle)

2.3.2. Theory of tribo-electrostatic separation

In a rotary electrostatic separator, particleschi@ged by contact or friction with other particles
the wall of the cylindrical chamber and the rotaharger copper plated surface. Due to contact
between particles, electrons (charge) are traresfdrom the surface of one particle to the other
until the energy of electrons acquired at the fater of each particle is equalised. This effect
was as a result of the ability of the material tmate or accept electrons when it is in dynamic
contact with other material. The net charge atthiby the material in tribo-electrification
depends on the work function difference betweemtrécles in contact, and the measure of the
relative affinity for electrons of the materialkeown as work function, which is the energy to
move an electron from the surface to infinity. listinvestigation a rotary copper plated rotor
was utilized as the charger in the tribo-electafion of the coal particles, and with a work
function value between that of the coal and itserah matter to create different polarity for
effective particle separation. The particle witlgher affinity for electrons gains electrons (i.e.,
lower Fermi level or higher work function) and ciy@s negatively, while the particle with lower
affinity loses electrons (i.e., higher Fermi leeellower work function) and charges positively.
After electrification, the coal particles are sulbgzl to an electric field in the separating zors th
deflects the particles toward either a positivenegative electrode according to the magnitude
and polarity of their charge. For effective separgtthe electric field and the particle flow

within the separating zone must be stable and umifo
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The magnitude and the polarity of the charge texesf between two dissimilar materials are
controlled partly by their surface chemistry (Triglly 2003; Trigwellet al. 2003a; Sharmat al.
2004). Hence, the electron transfer during parpelicle charging is due to the inherent surface
properties of the materials rather than its bulbperties. The work functions of various
materials can be measured by Ultra-violet photaelacspectroscopy in air, while their surface
composition determined by X-ray photoelectron spscopy (Mazumdeet al., 2006). The
donating-accepting affinities of pharmaceutical dewhave also been investigated using inverse
gas chromatography (IGC) and the results showexiralation between the charges generated in
tribo-electrification studies and acid/base paramseestablished by IGC (Ahfat al., 2002).
Contact electrification had also been explaineims of acid-base interaction between surfaces
involving protons in the case of Bronsted acidsebagr electrons in the case of Lewis acids-
bases, where the surface acidity and basicityedaded to surface acceptor and donor electronic

states, and to work functions (Dwari and Rao, 2008)

The concept of charge accumulation, charge tramsfgveen two materials, particle trajectories
in separating zone and the maximum charge acqbiyea particle after tribo-charging can be
estimated or investigated through the establishedets instituted by different researchers (Cho,
1964; Harper, 1967; Frankal, 1968; Masuda and #and978; Ohara, 1988; Castle, 1997,
Sharmene Aliet al, 1998; Greason, 2000; Wai al., 2003, Castlest al, 2004). In addition, a

fundamental approach known as Hertzian theory vi&s @sed in describing the relationship

between charging speed and the particle chargirgiteale by Fan and Zhu, (1998).

Cluster model was used by Yoshidbal (2006) to investigate the contact charging meisinan

of polymer particles. The experimental data weréaioled from the charges caused by the
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impact between a single polymer particle and a hpddde, which were measured and recorded.
The polymer-metal charge transfer was further iigeted in terms of a first-principle

calculation to discuss these experimental restilis. result obtained from the model shows that
the calculated binding energies of the polymersewsymparable to that of the experimental
results and are of good correlation. Harper eqoatias also developed in measuring the
triboelectric charged available on a particle aft@ntacting another particle or a tribocharger by
investigating the maximum charge acquired by metafiowders (Harper, 1967). The

experimental results obtained by Mebtaal (1994 and 1996) yielded good agreement with the

estimated result from the Harper equation on mirgraans measurement.

The most commonly adopted models to understandhbege transfer process are surface state
model and molecular-ion-state model. Surface statelel was used by Castle, (1997) to
investigate the magnitude of charge acquired wienitsulators with different work functions
exchange their charges during contact. Gady antemterger (1997) and Gaayt al. (1998)
also studied contact electrification using atonoic& microscope technique. The results obtained
showed a consistent qualitative expectation ofatintharging based on tribo-electric series of
common materials. In addition, the observed con#ettrification was also found to be
consistent with electronic charge transfer betweeterials, rather than an ionic or material
transfer mechanism. The most common models adoptedinderstanding the contact

electrification phenomena of charge transfer omratign on the surface are discussed below.
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2.3.2.1. Cartesian coordinate system

The particle trajectory within the separating zaves discussed using a Cartesian coordinate
system. The electric field and the particle flowthin the system are assumed to be uniform
while, the drag force on the particles is assunoeblet stokes drag only, with Brownian motion

considered to be negligible.

From Figure 2-1, the Y —axis represented the partielocity, which is assumed to be constant

at initial conditions%—? = Oand% =initial velocitywhen t=0

LY
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Figure 2-1. Cartesian system representing the atpgrzone

With an applied high voltage connected to the twdival poles representing the positive and
negative electrodes, the electric field created waticelerate the particles horizontally. The

horizontal deflection of the particles toward tHec&odes is being influenced by the electric
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field while, the residence time for particle traietough the separation zone is being controlled

by the particle vertical motion.

Electrostatic force(F)resulting from the interaction of the electric fie(E)with a charged
particle(q), regardless of the material of the particle, igiby
F = qE (2'7)

The horizontal displacemeﬁ:t, of the motion of a particle is governed by;

2

dt?

m—,- = Eq 2-8)

The mass is being represented by;mhe horizontal displacement vector, and t the time.

Equation (2-2) can be rewritten as;

d’x _g (ﬂj (2-9)

dt? m

The particle specific charge known as charge tosmaiso is represented E»yqj and it is very
m

important during the determination of the motiorpafticles during separation processes. In case
the resistance of air and viscosgiy, are being considered, the horizontal motion &iitbn) of

the moving spherical particle of radius r is gi\®n

2_ —_—
X emr=Eq (2-10)

mt2

Or
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P IX-gd (2-11)
m

The solution to equation (2-11), gives the speeth@fparticle as a function of time

E _t
dx _ _EQ |y _gmiem (2-12)
dt  6mr

The particle deflection in the separation zone esednined by particle charge and applied

electric field intensity as shown in equation (2-12

Assuming that >>6 m ort - o , the final horizontal speed of particle is:
r

—

X\ orizontal = —E9 (2-13)
dt 67mr

The terminal horizontal speed is independent of nmieess under the condition set above.
However, since time is in the range of milliseconds, the mass theeefilay an important role
in the determination of the particle’s motion ar tresultant trajectory (deflection), which

affects the separation performance of the chargetit|es.
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2.3.2.2 Gauss’s law

The maximum charge imparted on a particle througttidn can be explained through this
theory. Assuming an imaginary particle with a scefarea (S) drawn around a uniform density
of charge, the component of the electric field isgberpendicular to the surface is proportional

to the total charge enclosed (Crosss, 1987).

E= (2-14)

Where Zqthe sum of charges enclosed by the surfagghe permittivity of free space (8.8 x10

2 F/m) ande, the relative permittivity of the particle.
The maximum charge density imparted on a partiefere air ionizes it in an electric field can

be calculated from equation (2-14). From Gaussis the total charge enclosed is the surface

density of chargeQ) (C/nf), multiplied by surface area of the particle,

20=Q; S 13)

Substituting equation (2-15) into equation (2-14);

The maximum charge densityQ(,,), with the unit (C/rf), where C is the amount of charge

23



transported in one sec by a steady current, antbeattained by rearranging equation (2-16)
Qmax = E EO IZ)

The limit of particle charging in a rotary cylindal chamber used for this study can be obtained
from the Gauss’s law in figure (2-16).

The surface of the rotary chargerbr, + 27Lr,, since only one half of the chamber is occupied
by particles, then the volume of the side areanefdghamber that was occupied with particles is

equation (2-18), while the other half of the chambéeing ignore.
1 2 2
Sl miL (2-18)

The maximum particle specific charge is given by;

(gj _ 4E& (2-19)

2.3.2.3.Surface state model

The theory stated that, the exchange of chargegebettwo materials occurs at the surface, and
the charges being proportional to the differencéwben the two materials surface work

functions (Lowell and Rose-Innes, 1980; Schetlral., 1992; Castle 1997). Under the surface

state theory, there are two limits called low dgnand high density limit. The charge flows
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from the surface of the material with lower worlnétion to that of higher work function until

the work functions equalized.

oc=eN(g-a). (2-20)

Provided the density of the surface states per endrgy per unit area is low and given

by N, the resulting charge dens{ty), can be written as equation (2-20), where

e (=-1.6x10"° C) is the electron charge.

In the high density limit, the charge exchangedvieen two materials is large enough to raise
the energy and equalized the states of the insutdtthe larger work function to that of the

insulator with the smaller work function such thia¢ effective Fermi levels of each are equal.

Therefore, a potential differend&., is established between two metal interfaces, with

corresponding Fermi levels when different work fiimas ¢,, and ¢,, (€V), are brought into

contact and then separated. The contact poteiffiaiehce is given by

V, :M_ (2-21)
The charged transfeD, during the contact in equation (2-21) is:

Q=CV, :CM, (2-22)
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where C, is called the capacitance for plane condenser, iBndnit is the Farad (F) is

represented as,

£, A . , . ,
C:°7 , Wwhere A the effective area of contadt, is the separation at contact,is the

permittivity of free space 885x10™ Fm™.

and for a sphere shape particle with radius Reéipacitance is:

C=4,R (2-23)

Then, the charges transf@ equals to
Q= -V, (2)24

While the surface charge density that can be gegerhuring contact between two bodies is,

Z €

- Q
Q_A

The capacitanceC decreases when two bodies are separated afteictaantd Qalso decreases
until charge exchange by tunneling ceases. Harj@51) showed that at about 1 nm cut-off
distance, the tunnelling current is abrupt ancafsphere plane geometry,

C is given by,

C = 477£Or{0.577+ 0.5(3}, (2-26)
Z
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wherer represents the radius of sphere andhe distance at which tunnelling en@ombining

equations (2-22) and (2-26), the charge transfengwcontact between the bodies can be written

as,
Q = 47750r{0.577+ o.5(3j} (B t2) (2-27)
z €
Hence, the charge density equal,
Q _ % {0.577+ 0.5(3} (B t2) (2-28)
A r z €

This theory had been found to be in a semi-qudiviiéaagreement with the experimental data
acquired by using the tunnelling cut-off distanck = 1 nm. In addition, from the
investigation conducted on real materials with tosgrfaces by Lowell (1975), the result shows
that the capacitance can be better estimated lygt&tkto account the fact that most of the two
surfaces involved are separated by much largeardiss when closest point of separation is at 1

nm, and he also found that tunnelling current diste@ases at z = 100 nm.

2.3.2.4. Hertzian theory
The relationship between charging speed and partithrging behavior is based on the contact
force between the particles and the rotary charbee. logarithmic linear theoretical approach

between particle charging and charging speed had bbserved by Guptt al. 1990, while
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Banet al 1994, also reported a linear relationship betwesaticle charging and particle speed

in a copper tube charger. According to Hertziarothethe contact area’.) depends on the

compressional force and the material propertigh®fparticles and the charger provided that the
normal pressure is not affected by the existenc¢heftangential traction and the resulting

displacement.

A3 ) -
%—"(4':2 EDJ (2-29)

Where A. represents the contact ared, is the relative radiusk, is the normal collision force,

and E" is the contact modulus defined by equation (2-30).

1 _1-Vv/ +1—v22

(2)30
E° E, E,

11,1 (2-31)
rl r2

rD

From equation (2-30)F, andE, represents the Young's modulus of the particle emarger
material respectivelyr, andr, are the radius of the particles and charger; gnandv, are the
Poisson’s ratios of particle and charger matergspectively.

The maximum impart forcd-, between the particle and the charger as statedestz ltheory
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can be described in equation (2-32), wharéis the relative mass arld, is the relative speed

between the particle and charger.

3
Y
oy = me/ﬁ[—lmcur ] (2-32)
3 16E™r”
1.1,1 (2-33)
m’ m m,

In a rotary charger system, the radius of the afvasymuch greater than that of the particles, and
the charger mass also greater than that of théclesr(r, <<r, andm, <<m, , hencer”=r,
andm”’=m,

Therefore, substitute”in equation (2-29) for,, andm” in equation (2-32) asn,

2
3_1, )3
A = ”(Z F, E_j (2-34)
3
4 15mu? |*
F,, =—E"/r L 2-35
™ =g ﬁ[mE%j (2-35)

3
From equation (2-35), the maximum impact forcerispprtional toU 2, hence, the higher the

relative speed of the rotary charger the highercihrtact force and contact area between the

particles.
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2.3.2.5.Local (intrinsic) model

This model explained the transfer of charges betweetal and an insulator (e.g. polymer) based
on the material’s inherent energies and positidhe. transfer of charges between materials was
associated to that in a molecular structure by @raraet al (1976). The author suggested that
electron donating polymers enhance positive chgrgihile electron accepting polymers
enhance negative charging. From the investigatbmaected by Gibson, (1975; 1984) on charge
transferred in polymers and organic solids (Q/mharge/mass), it was observed that the charge
transferred is exponentially proportional to theergly difference of the donor and acceptor
states. Therefore, the following relationships westablished by Gibson, (1975; 1984) using

Hemmeto function and molecular energy level.

Considering positive charging,
In(Q/m)a E, oy - E, and (2-36)
Evomo =-Mo, + by

Thus, In(Q/m)a -E, -mo, +b,

For negative charging,
In(Q/m)a E, -E, o .and
Eimo =-M,0y + b,

Thus, In(Q/m)a E, +m,g, - b,

Wherem,,m,,b,,andb, are constants, whil&, and E; are the acceptor and donor level of

the metal, respectively. This theory had been ofeseby Pochaet al. (1980) and found that the
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transfer of electrons between a metal and a polysnarfunction of either the work function of
the metal when the polymer is charged negativelyherFermi energy of the metal when the

polymer is charged positively.

2.3.2.6.on Conduction model

This model had supported the fact that, contadtrfieation is due to the transfer of ions from

one surface to the other, and also said to be nsgge for transferring ions located on the

surface of one material to another due to crysitice defects (Ruckdeschel and Hunter 1977,
Kornfield, 1976). The migration of ions from onerfage to another under this model is being
aided by the energy possesses by the ion at aedefemperature to skip to the neighboring
stable position so that the charge is transferreoh fone material to the other. The transfer of
ions under water adsorption for waste removalsymel dissociation, polymer additives and

plasticizers, are similar to the mechanism of caaxchange.

2.4. Summary

The separation efficiency of an electrostatic safoaircan be enhanced through detail knowledge
of its charging mechanism. Tribo-electrostatic sapan of particles can be improved by
increasing particles charge and separation potept@vided the particles are not charged
saturated. The concept of contact electrificatwrarge transfer between two materials, particle
trajectory in the separating zone and maximum changgnitude acquired by the material can
all be estimated through different models, providedh faraday cup and an electrometer is

connected to the separator to determine the pestatiarge magnitude.
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CHAPTER THREE

3.0. Electrostatic Separation Techniques for coal @eficiation

Dry beneficiation relies on the differences in twmponents physical and chemical properties
for effective separation. The effective separatadncoal organics from its mineral matter
depends on the type of separator, and the propatithe coal involved. Due to the variation in
the properties of coal such as electrical, partsiee and moisture content, beneficiation
techniques responded with different separatiorcieficy. There has been a tremendous research
and development in the area of dry coal benefmmagirocesses. Notable advances are made by
Chounget al. (2006) on dry coal preparation using air denseinmedluidized bed separator
(ADMFBS). However, more researches and developmentequired to increase the separation
efficiency of this process as compared to the seyme of coal with the same size range under
wet beneficiation. The application of electricahdactivity of particles under the influence of a
very high potential have received significant ditamin recent years. This technique utilizes the
inherent differences in the coal components consigehe particles friction charging, electrical

conductivity and dielectric constant properties (Machehriet al, 2000a; 2000b).

The material electro-physical properties determihe way in which the particles can be
endowed with charges, either by conductive inductmr tribo-electrification or corona-
electrostatic charging mechanism. The three majacemals in coal are vitrinite formed by
carbonisation of cellulose, liptinite, formed frarancellulose materials such as resins and seeds,
and inertinite from charred plant remains. The ea@bn of charges acquired by the
electrostatically beneficiated coal samples hadnbegestigated by Inculet and co-workers

(1982). They found through petrographic analyseé the macerals present in the samples were
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endowed with different charge polarities, with witte charged positively and inertinite charged
negatively. Lockhart, (1984) investigated the carthity of coal, and found coal to be generally
less conducting than mineral matter, except periapke case of brown coal that has a high
water content and also often high ion content. Btsvinvestigations conducted had shown that
pyrite possesses the most conducting mineral fannebal. While, clean coals are generally
charged positively and ash forming minerals or fagh coals charge negatively (Lockhart,
1984; Alfanoet al, 1988). These properties had enabled the separaticoal and encourage
more researches into dry beneficiation. The twotetal separation methods that had been used
for the cleaning of coal are tribo-electrostatictimoel and corona electrostatic process (Butcher

and Rowson, 1994; Dwari and Rao, 2007), with bethniques discussed below.

3.1 Corona-electrostatic separation

The corona electrical separator usually consistarfinduction charging electrode, which
charges the particles as it passes through arrieléetd generated by a high voltage electrode.
This technique is also known as the strongestrelstettic separator (Butcher and Rowson, 1994;
Dwari and Hanumantha, 2007). The separating capalmf the particles depends on the
difference in their polarity and the amount of det acquired by the particles. Conductive
particles are charged by induction within a shonietdepending on their conductivity, while it
takes longer for non-conductive particles to aaguirduction charge on their surface. The
technique of using ion bombardment in charging seplarating minerals is the most common
and strongest method of charging particles fortedetatic separation. It has been employed in
recovering of copper and plastic materials from @owable, removal of stalks from tea leaves,

separation of metals from glass, ceramics, plaséesl polymers, and also for removing
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contaminants from grains and processed foods (Md@#é3; Hayakawat al, 1985; Taylor,
1988; Higashiyama and Asano, 1998). In the mingrakcessing industry, the commercial
applications of corona separation are in the camagon of heavy minerals (rutile, zircon,
illmenite, monazite) from beach sands and alluvaall separation of zircon and TiO2 phases
during the processing of heavy mineral concentratesved from heavy mineral sands

(Yongzhi, 1992 and Worobiest al.,2007).

The earliest application of corona technique reiggrdoal cleaning was in the beneficiation of
coal in the size range 1700 — 40® by Mukaiet al (1967), where coal product of 2.5 — 3% ash
level enriched in vitrinite was obtained with reeaes of 96 — 98% relative to washability
curves. The reduction in the coal ash level andemsdseparation was conducted by Olofinskii
et al. (1959), using corona-chamber with tribo adhesinexd and fluidized-bed electric
separators for beneficiation, size classificatenmg dust recovery for coal. The result reveals that
particle size and coal density were responsibleterseparation of the coal constituents, with
coarse and fine fractions having different minenaél maceral contents. The Advanced Energy
Dynamics (AED) conducted an extensive test in éleaparticles down to 3@m size, and the
result shows that more ash-forming mineral and nsafphur can be removed compared to any
conventional beneficiation method, with higher nesrees and removal of 65 to 89% of ash
particles at an appreciably lower costs (Lockhd®34). The electrostatic separation of pyrite
from coal using corona roll separator was conductedMoira Pottery coal, UK, at various
atmospheric conditions, various feed pretreatmeanticle size and different relative humidities
by Butcher and Rowson, (1995). The authors fourat #sh reduction of 50.64% can be
achieved under compressed air atmosphere usinglpaot -500 + 300um size fraction as

compared to 19.07% under ambient condition on #messize range. In addition, both results
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obtained under the nitrogen and carbon dioxide spimeric condition were found comparable

with results achieved under standard conditions.

However, there appears to be a limitation regardnig application for coal beneficiation. The
closeness in the work function of coal constituenésl favoured the application of tribo-
electrostatic technique for coal cleaning due gceffectiveness in separating particles with little
difference in conductivities. In addition, there atso a limitation for separation of particles
below a few hundred micrometers regarding thezatilon of corona technique for separating

fine coal (Higashiyama and Asano, 1998).

3.2. Tribo-electrostatic Method

Pulverized coal has long been used as fuel for p@Mnts. The beneficiation of pulverised
coals used in conventional boilers of thermal poplants by tribo-electrostatic separation would
be a satisfactory solution to the environmentalypian caused by the fly ash particulates, NO
and SQ emissions. Therefore, fundamental research tleapasently been conducted on tribo-

electrostatic separation and their present statusviewed below, for future references.

The diversity in particle charging reflects the iear in different types of tribo-electrostatic
separator that have been reported in the literafthie electrical separation with tribo-charging
technique has been found as a great potentiald@alr ateaning in fine sizes. Tribo-electrostatic
separation of coal and its tribo-charging charasties have been investigated by many
researchers with successful results reported onséparation of mineral matter from coal

(Mukherjeeet al, 1987; Nifikuet al.,1989; Baret al, 1993a, 1993b; Higashiyanea al, 1998;
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Trigwell et al. 2003b; Dwari and Rao, 2008; Dwari and Rao, 200%ere have been some
recent development in this direction but they aet tp achieve commercial status in coal
industry (Howeret al, 1997; Dwari and Rao, 2007; Dwari and Rao, 2008po-charging of
coal particles can be conducted in a separatorguairtyclone, a rotating cone/cylinder or
fluidized bed and a charging tube. The processrsasia result of impacts between the particles
by contact or friction with other particles or wiihthird material, usually the walls of a container
or copper plated rotor, followed by transport @efiall through an electric field that deflected the
particles according to the magnitude and sign eirttharge (Gidaspowt al, 1984; Masudat

al., 1984; Finsetlet al., 1993; Higashiyamat al., 1998).

The test conducted by Masuda al. (1984) using a cyclone charg@fig 3-1) shows that the
positively charged coal was deflected towards aatireg electrode and the negatively charged
ash particles or ash forming minerals was defle¢tedards a positive electrode. The result
obtained shows a reduction in the coal ash coritent 15.2% to 7.1% with coal recovery of
90%. This finding can also be supported by the stigation conducted by (Lockhart, 1984;
Alfano et al, 1988), where it was found that clean coals aregally charged positively and ash
forming minerals or high-ash coals charge negativ&his property is responsible for coal
separation and encourages more researches intoedgficiation. The potential and separation
efficiency of copper tribocharger considering difiet set conditions such as velocity,
concentration of coal in air and separator voltagee investigated in a separator using a tribo-
charging pipe by Finsetdt al. (1993). The author found that the tribo-electraosthéneficiation
method using a tribo-charging pipe (Fig 3-2), h#atiently produced a clean coal product with
2.1% ash and 0.6% sulphur from a feed coal witll%4ash content and 1.4% sulphur at a

recovery rate of 38.8%.

36



—— Nzaaﬂ

Feeder

Flow meter

Collecting bin

Blower

Figure 3-1 Schematic representation of electrastaitlone charger for coal cleaning.
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Figure 3-2 Schematic representation of electrast#paration with tribocharging pipe.

The electrostatic separator in (Fig 3-3) was dewsdoat the Virginia Technology, USA. The
separator is made up of a drum shaped electrodeshwncreases the electric field within the
system and also used in cleaning the surface otléerode. In addition, the separator has a
chamber for creating laminar airflow, flow straighers to reduce the turbulence flow within the
system, along with heat source and a splitter Tihi¢ investigation conducted on the three coal
samples shows that the run of mine sample has ébedeparation efficiency at the optimum
operating voltages of 40-50 KV, with a maximum tmgbput of 30 kg/hr. In Figure 3-4, the
vertical-belt separator developed by the Advanceer§y Dynamic (AED, 1987), was utilized in
the separation of coal from impurities. The Veftioelt separator has the following
characteristic feature: flat, parallel and statrgrelectrodes to maintain the charges imparted on
them and the electric field intensity within thesem. The movement of the belt in opposite

directions leads to the transportation of the @azaticles, and stirring up of the particles, which

38



later lead to the creation of a turbulent flow witlthe set up. The test conducted on Lower
Kittaning and lIllinois no 6 coal, USA, (-44 um) sifraction shows a reduction in the ash content
of the feed coal in the range of 50-60% and pyastitphur between 20-75%, with calorific value

increases by 62-81% Btu.
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Figure 3-3 Schematic representation of a bench escailbo-electrostatic separator

(Chandrasekhar, 1998)
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Figure 3-4 Schematic representation of AED’s cardirs UFC belt separator (AED, 1987)

Dwari and Rao, (2006) also investigated the eftdadifferent tribo-charger on high ash non-
coking Indian thermal coal with particle size -3®8@®10 um, constant voltage of 15 KV and
tribo-charging time of 5 min. Copper was found &vé the best separation efficiency among the
tribo-charger tested for and this was due to igh lalectrical conductivity. The result obtained by
these authors on the electrification of coal shawdean coal collected at the negative bin with
18% ash from 43% feed coal. While, the washabiést conducted on feed coal of 43.2% ash

was reduced to clean coal with only 25% ash anditab6% yield. The removal of pyritic

40



sulphur from fine ground coal was conducted in lagteostatic sieve conveyor by Gidaspetv

al. (1987). The result obtained showed that the séparafficiency of this technique can be
attributed to the grinding of the coal fine to #f size, which was responsible for the liberation
of the pyrite from the coal with a pyritic sulphrgduction of 2.4% to 0.86% after a five stage
sieve conveyor. The Pre-combustion cleaning of bgdtiboelectric separation of minerals was
examined by Trigwellet al. (2003b). The author reported that the triboelecteparation of
minerals from coal was a viable beneficiating mdthBetrographic and X-ray analysis of the
feed and cleaned coal shows the reduction in thghsuand ash content for Pittsburgh No. 8
and lllinois No. 6 coal samples. Fine coal samplese found to yield cleaner coal product, with
the Pittsburgh samples showing a greater reduébioboth sulphur and ash as compared to the

Illinois feed and cleaned coal.
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Figure 3-5 Schematic representation of electrasti¢ive conveyor (Gidaspow et al. 1987).
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Inculet et al. (1980) uses fluidized bed tribo-charger for thadiiation of coal. The result
obtained shows that the ash was successfully rednfveen the coal with an improved calorific

value. In addition, the result obtained for botbavery and ash content of the cleaned product
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are comparable to that obtained from the wet beila¢iton processes. Lewowski (1993) also
studied the electrostatic desulphurisation of Pokteam coals and the result shows that the
technique can be used in separating coal constguénnewly built cylindrical fluidised bed
tribo-charger with internal baffles, made up of pep metal had been use to beneficiate an
Indian thermal coal sample from Ramagundam coaésjimdia, by Dwari and Rao (2009). The
authors found that the coal particle size, tribarging time, voltage, gas flow rate and residence
time of fluidization all played a role in the sep@on of the coal from its minerals. They reported
a reduction in the ash content of coal from 43%8®&o for -300um particle size with about 30%
yield at 10 KV and 60 sec tribo-charging times. e®na yield of 67% was also obtained but
with a moderately reduced 33% ash. The washalshiylies conducted on this sample also
shows a clean coal of 25% ash with 65% yield. Dveand Rao (2008) also investigated the
potential of a fluidized bed tribo-charger (Fig Bwith internal baffle system (FTB) for the
beneficiation of non-coking coal from Hingula blockTalcher coal field. The effect of particle
size on the separation potential of two size foagj -75 mm and -1 mm were investigated. The
result showed a reduction in feed coal containi@g3% ash to a clean coal of 25% ash for -75
mm size fraction and 17% ash with 85% yield fomfn size fraction. It was observed that the
non-liberation of coal at -75 mm was responsibleit® higher ash content. Experimental result
obtained at 15 KV and 30 sec tribo-charging timesnfthe same separator also revealed that it

is possible to achieve a clean coal of about 156Ptfrom 25% feed coal with 69% yield.
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Figure 3-7 Schematic representation of fluidized lbbo-electrostatic separator (Dwari and

Rao, 2008).
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The separation efficiency for both tribo-electréstaprocess and a bench scale fuel oil
agglomeration technique was investigated by Haetexl. (1997) and their result compared with
each other. The authors found that the bench sdhéeelectrostatic separator provided a better
separation in comparison to bench scale fuel ajlageration technique for the three eastern
Kentucky and two illlinoise coals. The result shoalsan coals enriched with vitrinite and
vitrinite-enriched microlithotypes while inertinge liptinites, and minerals were present in the
tailings. From the petrography analysis conductilar coal evaluated by this technique
shows different separation efficiency due to thigedences in their moisture content, with the
degree of charging being reduced at higher moistonéent, along with the separation efficiency
but it is not clear whether the driest materiald tiee best charging properties (Mazumeteal.,
1995; Kwetus, 1994). The result reported by Mazumeteal. (1995) had shown that the
resistivity of coal particles depended upon thedisture and ash content and therefore, different

types of coal will have different resistivity.

Studies had been conducted on how to modify or Hitesurface energetic structure of fine coal
in order to improve its separation efficiency. Therk function values between the particles
after tribo-electrification, relative humidity ofoal and temperature of the coal material are
expected to be affected for possible increase &l separation from its minerals. Dwari and
Rao, (2009) had proposed to treat fine coal inviq@our of acidic and /or basic organic solvents
in the fluidised bed tribo-charger, with the res@ilom this investigation expected for
presentation in their future publication. The irage in coal separation efficiency after chemical
pre-treatment was investigated by Zhou and Brov@88). They utilized the vapours of different
organic chemicals such as methyl acetate, acetwhaceetic acid under dry nitrogen atmosphere

in the fluidised-bed tribo-charging medium for imaping the charging capability of the coal.
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The surface treatment performed on the coal sanwitbésparticle size between 75 and 150
had shown an improvement of separation to someededirigwellet al. (2003) studied the
influence of acetone, ammonia and sulphur dioxidpours on the charge properties of coal
exposed to these chemical. They found beneficiabdoe slightly enhanced using acetone than
using ammonia, with ammonia found to be detrimembabeneficiation, and S@as a non

effective conditioning agent.

Mazumdaret al (1995) suggested that there are several fundam&adtors associated with
tribocharging and separation processes which had bmdering its commercial implementation
to date. The effects of the coal surface composito work function and under different
tribocharger such as copper, stainless steel, alumj nylon was evaluated using X-ray
photoelectron spectroscopy and UV photoelectrorctspscopy by Trigwellet al 2001. The
investigation showed that the work functions fax famples varied considerably as a function of
the samples surface composition, while the actuakviunction for the samples can differ from
their expected values due to the alteration irr tha@iface composition upon exposure to different
environment. Therefore, since it has been a broaténstanding that electron transfer during
frictional charging is surface property dependexther than bulk properties and the magnitude
of charge and polarity transferred between twoimhigsr materials was controlled partly by the
surface chemistry (Ruckdeschel and Hunter, 197%gwkil, 2003; Trigwell et al, 2003a;
Sharmeet al.,2004; Mazumdeet al.,2006), then, numerous investigations had to belwctied

on coal in order to the best processing routetfoseparation considering the stated factors abov
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3.3. Other Dry Beneficiation Techniques:

The simplicity, as well as the ease of operatiod hd#luenced the research into dry coal
beneficiation process as an alternative approathet@xisting wet techniques for the separation
of coal organic from its inorganic. There are maggearch reports that had been reported on the
development of different dry beneficiation techregqufor cleaning coal. And all these methods
utilize the physical and electrical characteristicoal and other operating parameters within the
set-up in separating the coal organic from its malseto achieve the required cleaned product,
and some of these methods are discussed beldvese processes are found to be
environmentally safe with the potential of removpgites and ash from the coal, and could also

make flue gas desulphurization unnecessary in @&pplant (Higashiyamat al.,1998).

3.3.1. Air Dense Medium Fluidized Bed (ADMFB)

The application of ADMFB for cleaning coal was finsvestigated by the Chinese for the
beneficiation of 50 ~ 6 mm size fraction coal, watltapacity of 50 ton/h, and 700,000 ton/year
output (Cheng and Yang, 2003). This is an efficedl-separation method, which uses a gas—
solid fluidized bed as the separating medium rathan air used in a conventional air jig or
shaking table separation method. In order to atiegh separation efficiency with this technique,
stable dispersion fluidization and micro-bubblesstrhe achieved within this system. Cheng and
Yang, (2003) found that the beneficiation of codhwdifferent density ranges from 1.3 to 2.2
g/cnt and 50-6 mm size fraction with ADMFB can compafagburably with the best existing
wet heavy medium beneficiation process. In addjtawarser particles greater than 50 mm can
also be beneficiated by increasing the bed helgbtated air-dense medium fluidized bed was

also investigated by the same authors, and thaydftlat 6-0.5 mm fine coal with a feed ash of
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16.57% can be reduce to 8.35% with yield up to @%2 This was achieved through the
investigation on the effects of the system opegaparameters. Luet al. (2000) also conducted

an investigation on the vibrated air-dense medilumdized bed. The result obtained also
supported the fact that various system parametehsaneed better separation of the coal
constituents. The reduction in the size of the mmedsolids and the supply of the bed with
mechanical vibration energy enhanced a better ghd-mteraction as a result of a better-
dispersed fluidized bed, giving the Vibrated flaell bed (VFB) better fluidization qualities

compared to simple bubble conventional fluidized (€FB).

Chounget al (2006) also utilizes Air Dense Medium FluidizeddB(ADMFB) for the separation

of coal organics from its inorganic. This reseanas initiated due to the challenges facing the
coal industry, the emissions of N@nd CQ by the power station and the degradation in some
coal beneficiated by wet preparation. The separagificiency of ADMFB for cleaning coal
fines smaller than 6 mm was studied by varyingdh&tem operating parameters such as feed
rate, fluidized air velocity and the size of thediuen solids by Choungt al (2006). The author
reported that the decrease in the magnetite siser@gponsible for the increase in the separation
efficiency of coal in 5.66 x 3.35 mm size fractiofibe result showed an ash rejection from 14%
to 6% at 90% vyield. The introduction of Vibratediflized bed has reduced the effect of high
viscosity and back mixing found in the CFB durirtge tseparation of fine coal < 6 mm by
strengthening the contact between the gas and gloside. Zhenfet al (2008) utilizes VFB for
the beneficiation of fine coal < 6 mm, under diffietr technological and operating conditions.
The result obtained from the investigation showsEam value of 0.07 tonfirfor the VFB,
compared to wet jig with an Epm value of 0.11 toh/fthe Epm is known as the Ecart Probable

Moyen or probable mean error which is defined bedsw
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(3-1)

EPM :(RD75 B RDsz

2
Where RD,; is the relative density corresponding to a panittoefficient of 75 andRD,, is the

relative density corresponding to a partition coefht of 25

Chenet al (2003) developed a fluidized bed with uniform asteble density condition. The
stability of this bed density was found to be they ko the high separation efficiency of the
technique. The bed utilizes magnetite powder alithsas the medium solids and found suitable
for separating high density coal with feed greaian 1.5 g/crh In order to meet customer’s
product requirements for coal lesser than 1.5 §/the operating conditions for this bed were
investigated. A Pilot test was performed on coabfeiith particle size 6-50 mm by Zhen+€u

al. (2007) using magnetic pearls of certain size ithstion as the medium, the test produces
clean coal with low ash content. The result shothead at a separation of 1.44 gfrooal with

an ash content of 13.95% and a tailing ash cordéri6.82% can be obtained. The stable
density and uniform condition achieved during thést was as a result of the optimal
technological approach and operating conditionsvdeith meet the requirements of low density
coal cleaning with high performance. Yameg al. (2002) utilizes vibrated fluidized bed to
extracts fine coal from coarse coal by entrainntérdan ascending airflow. The ash contents of
fine coal products obtained from this process W&o lower than those of the same size
fractions in feed for most cut-size of 6, 3, 2p0.5 mm tested. From the pilot and commercial
test conducted, the authors had proved that thisteehnology provides a practical solution to
the difficult task of sizing moist raw coal at szeelow 6 mm for producing lower ash fine coal

from raw coal for blast furnaces or pulverized doaig boilers.
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Kretzschmaret al. (2008) utilizes a dense medium fluidized bed smparwith a naturally
occurring magnetite to beneficiate South AfricaralCd he test was conducted on a discard coal
and high ash Waterberg coal with particle size betwl5 — 35 mm, in order to determine the
process optimal operating conditions, fluidizingrdcteristic of the bed and the efficiency of the
separator. The investigation shows that the coatindest conducted for the high ash Waterberg
coal at a flow rate of 18 kg/hr, separation densft.00 g/niachieved an Ep value of 0.0462,
with an Ep value of 0.0458 achieved for the discsahples under the same conditions. The
authors concluded that the Ep values for the coaotis test regarding Waterberg coal can be

compared to that obtained from the traditional segaration techniques.

3.3.2. Jig

The technique utilizes the differences in the dgrisetween coal and its associated minerals for
beneficiating coal. The air jig is designed in @seld structure to distribute air uniformly through
a vibrating bed with the same principle as theabtes. The separation of this technique is based
on an air pulsing flow, which moves all the matsrien the same direction to produce a
stratification of fed particles. Weitkdmper and Wibta (2004) designed a new air figr
beneficiating feedstock 5-50 mm coal sizes. Thapagent operates both under a pulsed air
flow and constant air flow. These operating cowdisi serve as an advantage over all the existing
fabricated jigs. The authors reported that a ctwat with an ash percentage lower than 20% can

be obtained from a feed coal with 52% ash contadeuthis process.

The elimination of pyrite nodules and liberationatdys from candiote coal was evaluated by

Sampaioet al (2008) using the dry jigging method. The reshlbvsed a reduction in sulphur
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from 1.8% to 0.7%, (about 50% drop) in feed contdite ash reported to the tailings also
moved up to 60%, which is comparable to the resitained from their sink and float analysis
with an ash content above 45% in the clean cohk Department of Trade and Industry, United
Kingdom (DTI, 2004; Dwari and Rao, 2007) reportbeé fabrication of FGX compound dry

cleaner separator, which had already been employesger 95 plants throughout China. This
equipment produces multi-products of clean coatidiimgs, and refuse. It has been reportedly
utilized for beneficiating -80 mm raw coal with neothan 75% ash content removal, but with

lower efficiency for the -6 mm size range, and leSgient than wet processing.

3.3.3. High-Gradient Magnetic Separation (HGMS)

Magnetic separation of coal has been applied tgpthblem of removing sulphur and ash from
coal prior to combustion in the power stations. Shelies conducted on coal and its product is
primarily on pyrite removal due to the importandesalfur reduction in putting a limit to the
amount of SQ emissions from the coal. A novel dry approachoriticed by Od&t al. (1983)
using a high-gradient magnetic separator combiniéid avfluidized bed was investigated for the
evaluation of cleaning pulverized coal. The astcgatage of coal was found to be effectively
reduced by 44.40% ash at a low-coal recovery rai4®0% after 5 to 8 passes. Saeidal
(1992) at optimum fluidization applied magnetic aepor under intensified magnetic field for
effective coal desulphurisation and ash removaé f@sult obtained showed an ash analysis of
processed samples demonstrating a significant ediction at lower ranges (-2 mm), with a
40% reduction in the - 500 + 1@én size fraction. The authors also found that ohé/ash was
removed during the wet test, with total sulphur ogal being in the order of 10% achieved from

the dry method. Researchers also implied that mbéberation of coal through grinding will
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improve the efficiency of HGMS combined with a gasam.

Air magnetic pearls fluidized bed and magneticaligbilized fluidized bed was utilized by Fan
et al (2005) to beneficiate 50 to 6 mm coarse coal @iid 0.5 mm fine coal. The separation
efficiency of this process was found to dependh@nuniformity and stability of the bed, which
resulted into weak back mixing of medium solids anahll bubbles within the bed. The result
obtained showed an ash analysis of processed G50 to 6 mm size, with ash of 21.48%
reduced to a clean coal of 9.80% ash with an Epevalf 0.05. While, an Ep of 0.066 was
obtained for the beneficiation of 6 to 0.5 mm fic@al under the Air magnetically stabilized

fluidized bed.

The difference in the coal magnetic properties Iead to various research being conducted in
order to increase the magnetic susceptibility ofyveieakly paramagnetic pyrite prior to
magnetic separation. Microwave energy had been insiedating coal to facilitate the change of
FeS into FeS (pyrrhotite) for increased magnetic pssoeg efficiency, and with the
combination of other methods such as selectiveediet heating and iron carbonyl treatment
investigated by (Zavitsanast al., 1978; Zavitsano®t al, 1982; Butcher and Rowson 1995;
Cicek et al., 1996). Ciceket al. (1996), on the test for the desulfurization of Isolay flash
pyrolysis prior to the magnetic separation of caaistituent also resulted into better separation.
The author converted pyrites into iron sulfides doa®n the temperature of pyrolysis by
improving the paramagnetic characteristics of ta.dn addition, the result shows that after the
beneficiation of -100 um particle size, 35% of thdfur reduction was achieved by flash
pyrolysis while, magnetic separation further imggdvthe reduction to 48%. The study on the

sulfur and ash removal from low-rank lignite coal lbw temperature carbonization and dry

52



magnetic separation was investigated by Celik aidirilm (2000). The result proved to be
successful but there was a serious concern reggadgirpollution by sulfur removal during low-

temperature carbonization.

There appear to be an improvement in the magnesiceptibility potential of coal for HGMS
beneficiation technique, at least for pyrite rempbait much work has to be done to improve
this technigue and to evaluate technical and ecanéeasibility of the whole process for coal

cleaning.

3.4. Other Material Beneficiated by Tribo-electrosatic Techniques

Power generation, combined with the magnitude eegrhouse gas (GHG) in the*2dentury
had lead to a very high demand in producing anrenmientally clean and cost effective fuel for
the generation of electricity in the world. Theraduction of low-NQ burners had been very
effective in the reduction of NQalthough, they often increase the quantity of carim the coal
combustion by-products. However, due to the lirotain the utilization of this by-product, new
research has been conducted using Tribo-electiostahniques for the separation of high LOI
ash from the unburned carbon for its utilizatiorthia cement industries. In addition, the disposal
of waste plastic in an incinerator had resultedh@a formation of unacceptable emissions of
gases such as nitrous oxide, sulphur oxides, amdrthaus HCI gases which pollute the
environment and shorten the life of incineratorenég, this had also lead to research into the
application of tribo-electrostatic separator focy@ing mixed plastics due to its ability for

separating different types of material @tial, 1999; Manouchehri, 2000).
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There are many research reports on work that haen lrarried out in the field of dry
beneficiation using Tribo-electric techniques foe tseparation of quartz from feldspar, PVC
removal from mixed plastics, fly ash from both coambustion and coal mixed with biomass,
phosphate rock from silica sand, separation otasifrom a synthetic mixture consisting of
charcoal and silica, and rubber from fabric, zirémm rutile, phosphorus and silica from iron
ore, mineral matters from oil shales, and diamanthfgangue (Guptet al.,1993; Soonget al,
2000; Parket al., 2007; Mazumderet al., 2006). These researches had been successfully
demonstrated in laboratory experiments, pilot piuadies, and in some cases commercial plants
(Gidaspow, 1987; Ralton, 1961). Five minerals frdifferent mineral groups with similar
crystallography and structure, such as the feldgpanp (albite and anorthite), the pyroxene
group (augite and enstatite), the olivine groupdtierite, ilmenite and quartz) were selected as
the samples representative of those found in lwadlt The mixtures were separated after

subjected to beneficiation tests using analytichbelectrostatic separator (&t al.,1999).

Dry electrostatic beneficiation of silica from anglyetic mixture consisting of charcoal and silica
with a particle size of approximately 3vm was carried out by Guptet al. (1993). The
separation test was conducted in a batch laborateggrostatic separator, and the result obtained
showed that the efficiency of the electrostatic asafor is strongly dependent on the
hydrodynamic conditions such as gas velocity, atedield strength, and particle concentration
in carrier gas. They found agglomeration of the foarticles as the limiting factor in achieving a
higher separation and proposed particle loading586 g of solids per 453.59 g of air as a
solution to this problem. The authors also invetgd the beneficiation of an Indiana-New
Albany oil shale, with a particle size of less tapm. The carbonaceous matter acquired a

positive charge while the mineral matter includipgrites charged negatively. The charge
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discrepancy provided the driving force for the sapan, and the utilization of shale rock for olil

production after the removal of mineral matter aydtes from the shale. The depletion in the
high grade deposits of phosphate rock and incrgademand for phosphate had lead to the
research into the electrostatic beneficiation af lgrade rocks containing various impurities.
Phosphate beneficiation using electrostatic methasl conducted by Zafat al (1996) in order

to reduce the cost of washing, desliming, and elating problems relating to water shortage.
The results showed that the concentrates can lagnebdtwith fairly good recoveries, depending

on the extent to which the ore can be liberated.

A tribo-electrostatic separator was utilized byetial (1999) to investigate the fundamentals of
tribo-electrification and the potential of applyitigese fundamentals to separate ilmentite from a
mixture of five samples representing minerals tgpiof those foundn lunar regolith with a
particle size ranges from + 200 to — 140 meshufiso 106um). In addition, this research was
conducted in order to ascertain the possibilitgxtracting oxygen for human use on the moon
after the separation of ilmentite from the mixtafeclosely related minerals as that found in
lunar regolith (space). The parent mixtures andh dattained from the investigation were
evaluated using optical microscopy to determinebat extent the mixtures are separated. The
result obtained showed that the work function afehite was higher than, but very close to
copper, and that the concentration of ilmenite potidn in all tests was 2 or 3 times more pure
than in its parent mixtures. The authors conclutted from this investigation, the dry tribo-
electrostatic separation technology has potensial aimple and effective method for extracting

selected minerals from physical mixtures.
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Parket al. (2007) reported the use of bench scale tribo+@stztic separator for the removal of
PVC from mixed plastics (polyvinyl chloride/polygtene terephthalate). The authors
investigated the charge polarity and charge demdiyET and PVC on charging materials and
various factors such as air velocity (the impactallision or contact), mixture ratio, and the
effect of relative humidity on charge efficiency negested. The PVC and PET patrticles were
found to be charged negatively and positively, eesipely due to the difference in the work
function of plastics in tribo charger of the fledd-bed, and are separated by means of a splitter
through an oppositely charged electric field. Tlkstlyesults were obtained at 20 KV with a tribo
charger material made of PP (polypropylene), alative humidity below 30%, air velocity of
over 10 m/s and with PVC rejection and PET recow$r§9.60% and 98.10%, respectively. The
test result had shown that, the deviation betwéenmeasurements was negligible and the

reproducibility was very good (£1%).

The elimination of wet cleaning, subsequent dryamgl processing of accompanying agueous
solution had lead to the investigation and utilaatof two different types of tribo-electrostatic
separators, parallel plate and louvered plate sgmarfor the separation of fly ash derived from
both coal combustion and the combustion of coalechiwith 10 wt% biomass by Soomg al.
(2001). Thermogravimetric analyser and microscapge analysis of the image was conducted
to evaluate the parent samples and fractions ¢etleafter separation for ash and fixed carbon
contents. The results obtained showed that thelsipgrallel plate separator is able to provide
separation on fly ash derived from the combustea. ¢dowever, in the case of fly ash derived
from combustion of coal mixed with 10 wt% biomatse parallel plate separator provided a
poor quality separation. This was as a result afencarbon particles trapped within and attached

to larger ash patrticles in biomass fly ash thahdfhaoal combustion fly ash. The significance of
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surface moisture as one of the parameters affetimgeparation efficiency of carbon-rich and
ash-rich products derived from coal combustiondgh was investigated by Cangialesial.
(2006). The effect of humidity and particle surfacmisture had been shown to be very
important as the particle size of the ash decred®adicles with size greater than | are
found to be nearly unaffected whereas particledlenthan 45um experienced up to a four-fold
change in their separability upon changing theifag® moisture contents, degree of liberation
and charging steps. They found that the increaseparation capability of ash having smallest

particle size can be achieved upon heating.

3.5. Concluding observations

Both tribo-electrostatic and corona electrostatiethnd had been reported in the literature for
mineral beneficiation and agriculture applicatiddeveral studies have shown that corona
electrostatic techniques are basically used inraéipg raw materials with large difference in
conductivity. Hence, the tribo-electrostatic teciugs, which is a cheaper process compared to
wet beneficiation processes are found to be mopdicable in charging materials with little
difference in conductivities. Moreover, its chagimechanism had been responsible for its
ability to separate ash forming minerals from ptikedd coal, and separation of reusable plastics
material from plastic mixture. South African coahsvbeneficiated through the application of a
Rotary tribo-electrostatic separator in this stuflye influence of the system parameters such as
charging voltage, separating voltage, injectionvaiocity and splitter distance were investigated
in order to find an optimum process route regardingl separation, and the results obtained
have shown that the RTS also has a high separattiicrency similar to the Fluidized bed tribo-

electrostatic separator.

57



CHAPTER FOUR
4.0. Material and Methods
4.1 Materials
In this chapter, various experimental proceduresptetl in the beneficiation of South African
fine coal from its mineral will be presented. Theapter is divided into three major parts. This
part listed the materials used in this research @ed made mentioned of the test methods
employed. The tribo-electrostatic separation expenits were performed on eight different coal
samples from South Africa, i) Liketh Townlands gaglNo. 4 Seam from Khutala colliery, iii)
No. 2 seam from Khutala colliery, iv) Koornfonteioal, v) Klipfontein coal, vi) Majuba coal,
vii) Polmaise coal, and viii) New Vaal coal. Thengples were first milled in a hammer mill, and
then pulverized to -177 um and then separated 7@ @ 74) and (-177) um size fractions.
Representative fractions at -177 um were prepavedribo-electrostatic separation and froth
flotation test. A kinetic froth flotation teswas carried out in a 4-litre Denver mechanical
flotation cell under the following conditions: inlfg speed: 1200 rpm; SNF Flomin F-100C
froth dosage: 15 ppm; and fuel oil # 2 collectosalge: 910 g/ton. The sink/float was conducted
at (177 X 74) um for all samples and tribo-eledtrtis test was also conducted at the same size

fraction for Klipfontein and Liketh Townlands coal.

4.2. Equipment

Bruker-AXS D8 Discover X-ray diffractometer, LECCh@&mo Gravimetric Analyzer (TGA-

701) for proximate analysis, Petrographic analy@esss Universal Microscope), LECO S632
analyzer, CILAS (1092), Leco (AC-500) Bomb calortere Electronic weighing balance, A 4-

liter Denver cell, Hammer mill, Pulverizer, Hydreter, Sieves, Sieve shaker, Rotary
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triboelectrostatic separator, (Glassman DC voltggaver supply, Thermo-anemometer,

Vibratory feeder, Vacuum, and Product bin)

4.2.1. Rotary tribo-electrostatic separator

The rotary tribo-electrostatic separator (RTS) dgved at the University of Kentucky, USA,
(2006) has the following characteristic featuregyFe 4-1): 1), a rotary rotor mounted in a
cylindrical chamber, with a copper plated surfamecbntacting and creating differential charges
on particles; 2) a chamber comprised of both aet iiar receiving the particles and an outlet for
discharging the particles; 3) a power source camdeto the chamber’'s wall and the rotor,
providing an electric potential to the rotary charg4) a separation zone consisting of two
electrodes with a fixed distance between them, ahaharged particles from the charging
chamber are deflected towards the negative or ipesélectrodes depending on the charge
acquired; and 5) an adjustable splitter conneatetthriee cyclones or air bags for collection of
different products including, macerals and ash fognminerals. The air flow within the
separating compartment is monitored and regulasatjua thermo-anemometer and gate valve

connected to the nozzle under the collecting bin.
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Vibratory feeder

1. Octogonal rotary rotor

2. Cylindrical Charging chamber

Thin Sample distributor
3. Variable voltage

4. Particle Separation zone )
Co-flow

M

\\ Variable voltage

5. Splitter

Cyclone

Vacuum

Product bins

Figure 4-1. Schematic representation of a pneumtiii®-electrostatic separator with

octagonal rotary rotor.
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The innovative rotary tribo-electrostatic separateveloped at the University of Kentucky, USA
was used for the separation of coal organic fraenmineral matters. The differential charge
imparted on the coal and its mineral matter foeiffle separation in an electric field was
created by a positively charged electrode and argkelectrode connected to the ground. Thus,
any mineral matter within the coal was charged tweglg in the charging chamber and
subjected to an attractive force from the positlectrode, while the coal organic (charged
positively) are subjected to a repulsive force frtra same positive electrode. The grounded
electrode also provides a surface for the collectb the positively charged particles without
interfering in the repulsion or attraction of tharficle from the electrode. Coal particles were
deposited on both electrodes after passing thraulgigh strength electric field at the separating
zone, and those that passed through the separat@ninto the bins were collected and analyzed

to determine the separator efficiency.

4.3. Experimental Procedure

4.3.1. Mineralogical Methods Used For the Classifion of Feed Coal

The techniques needed for the characterizationoaf cequires the knowledge of its origin,

maceral and mineral composition, and physical ptagse such as the particle size, phase
composition and proximate analyses. In order toaiobia best possible result from the
characterization of the coal a combination of Breik&S D8 Discover X-ray diffractometer and

CILAS (1092) particle size distribution analyserrev@sed by employing standard procedures.
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4.3.2. Proximate Analysis

The proximate analysis was carried out with a LEbermo Gravimetric Analyser (TGA-701).
Approximately 1 g of coal sample was used for timalyses in determining the inherent
moisture, fixed carbon, ash content and volatildtenapresent in the coal. The TGA was
operated under Natmosphere for moisture and volatile matter amalyith the end temperature
of 107 °C and 950°C, respectively. The ash analysis was carried outen low oxygen
atmosphere and at an end temperature of@5@he result obtained with -177 pm coal fractions

are presented in Table 5-1, which shows high agdHam moisture contents for all samples.

4.3.3. Particle Size Distribution Analysis

The coal sample particle size distribution was mheitleed using a laser particle size analyzer
CILAS (1092) with a measuring range of 0.04 to %08. It utilizes both Mie algorithms and
Fraunhofer diffraction of light formed by particlesth a diameter larger than the incident laser
beam wavelength. A combination of multiple lasensl aptical filter, lens and photo detector
coupled with a computer loaded with SizeExpertvgafe enables one to compute the particle
size distribution from the diffraction data andrst@t as cumulative value percentage against the

particle diameter (um).
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Table 4-1. Particle size distribution for feed coal

Coal sample Particle Size Iy | Particle Size I | Particle Size |y
(Lm) (Lm) (Lm)

Klipfontein 127.40 68.20 4.87

Liketh Townlands 122.00 49.32 7.82
Polmaise 92.02 54.25 5.28

Majuba 102.69 44.01 3.19

New Vaal 106.95 46.08 351
Koorfontein 119.56 65.04 8.03

Khutala seam 2 106.45 34.66 5.00

Khutala seam 4 104.72 34.90 4.51

4.3.4. X-ray Diffraction Analysis

The identification of the mineralogical constituemf the coal was performed with the X-ray
diffraction analysers for the qualitative evaluatmf the common and predominant phases within
the coal. The phase identification of the represterd coal powder samples was carried out
using a Bruker-AXS D8 Discover X-ray diffractometavith a rotating Cu-anode. The
diffractometer was operated at 40 kV and 40 mAy ¢le range of @ from -2 to -70 at a scan
speed of 1 deg/min and the identification was cotetiwith DIFFRAC""® suite software. The

diffractogram (Figure 5-1 to 5-8) shows the X-rdffrection pattern for the feed coal, single

pass and two stage cleaned coal products.
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4.3.5. Total Sulphur Analysis

The total sulphur in feeds and products was andlyzegh LECO S632 analyzer, which has the
capability to operate at up to 1,450 with an analyzing time between 60 — 120 secoftls.
proximate analysis was conducted with LECO Thernmavignetric Analyzer (TGA-701). The
ash was analyzed under oxygen atmosphere and khdesanatter and moisture under nitrogen

atmosphere.

4.3.6. Heat Content Analysis

The calorific value which is known as the measuréhe heat content of coal was determined
using a Leco (AC-500) bomb calorific, with a winddased operating system. The system uses
an electronic thermometer with an accuracy of 010D to measure the temperature every six

seconds, with the results obtained within 4.5 ®oridinutes.

4.3.7. Tribo-electrostatic Test

The coal samples used for the tribo-electrostatipeement were kept in an oven at 82
overnight to remove the surface moisture prior épasation. For each test, 100 g of the
representative samples were fed through a vibrééieder and then transported pneumatically at
different air flow velocities into a cylindrical ahging chamber of 18 cm in diameter. The tests
were conducted at single and two stage separatamegs as shown in Figure (4-2 and 4-3), with
variable separating voltage DC power supply emmoie study the effect of electric field
created in the separating zone which was foundate ltonsiderable effects on the separating
efficiency of the coal particles. Other parametgush as applied charger potential, tangential

speed of the rotor, splitter distances, air inctrelocity and Co-flow were also investigated.
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The feed coals were fed and transported pneunlgtio&d a cylindrical charging chamber, and
imparted with positive and negative charges. Theitpely charged particles are deflected
towards the negative electrode (R plate), while niegatively charged particles are attracted
towards the positive electrode (L plate) and thehanged particles fall in-between the two
electrode and collected as a middling. The middisas then fed into the separator for further
separation and the three products collected wetkeiuanalyzed. Regarding the two stage test,
the three products collected from the single sty under the same splitter distance were
subjected to further cleaning to generate mordyfiseparated products. The feed and products
were analyzed for ash composition, phase compasitmal sulphur and calorific value. The

performance curves generated were used to evdheteparation performance for all samples.

Feed

R(Cloal) |C(IV||‘dld||‘ng) L(Alsh) |

= CR

Figure 4-2. Flowsheet for single and middling reley stage process

65



_reed |
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| R(CICJaI) | - C(Middling) | L(Ash)
. RR — R — IR
- RC - cc — LC
| RL — W

Figure 4-3. Flowsheet for two stage process

4.3.8 .Washability and Froth rate test

Following standard sampling procedure, the washatstudy was conducted with the (177 X
74) um size fraction by the sink/float techniquelat and 1.8 relative density (R.D) using
lithium metatungstate (LMT) solution. The float asidks fractions collected after each test were
filtered, and dried at 54C, weighed and detailed analysis conducted. Theeinental froth
flotation testwas conducted with -177 pum size fraction in a e&liDenver cell under the
following conditions, impeller speed: 1200 rpm;tir@losage: 15 ppm; and collector dosage: 910
g/ton. The result obtained from both test was wsedtandard for evaluating the performance of
the electrostatic techniques by providing basis laackground information for comparing the

separation performance of the results obtained franelectrostatic separator.
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4.4. Concluding observations

High ash and low moisture contents samples welieadiin this study. The particle size utilized
for the tribo-electrostatic and washability testrevel77pum and 177 X 74 pmrespectively.
Samples were subjected to single and two stage-éldctrostatic separation processes to
determine the optimum process conditions for maxrmaumulative yield and product grade.
The extent of sulphur reduction for the feed arehieéd coal product obtained after the single
and two stage test was determined by sulphur asalysing a Leco analyser. Change in
mineralogical composition was determined using XMRBfore and after triboelectrostatic

separation.
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CHAPTER FIVE

5.0 Results and Discussion

Available literature in the cleaning of coal flyrathrough the separation of unburned carbon
from the fly ash indicates that the cylindrical aigt tribo-electrostatic separator had been
employed for coal fly ash cleaning Ta&b al. (2009). In this research, the newly developed
octagonal rotary tribo-electrostatic separator wékzed for the first time in cleaning and
separating coal organics from its coal mineraler€hare many factors affecting the efficiency
of a tribo-electrostatic separator, and differemttenal responded to tribo-electrification based
on their origin, particle size, material propertssl system operational parameters. The effect of
particle size at (-177) um and (177 X 74 um wasestigated for Klipfontein and Liketh
Townlands at single and two stage separation psese®ther parameters, such as rotary charger
rotation speed, injection air velocity, separatirgitage and feed rate were also evaluated to

maximize coal beneficiation for all the eight saegplised in this study.

The froth rate and washability tests were condutbethvestigate the cleaning potential of the
coals and the results obtained were compared \wibket obtained from the tribo-electrostatic
test. The data reported from the rotary tribo-etstatic separation were generated with the
single and two stages of separation, and the sepaefficiency was evaluated based on grade
and percentage of cleaned product recovered. liti@adthe separation efficiency was also

evaluated based on the total sulphur reductionytorga calorific value and mineral reduction in

cleaned coal products. The performance curves fédreit operating parameters are also

presented to illustrate and evaluate the separp@diormance for all coal samples.
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5.1. Analytical test results on all coal samples

The results of the analysis on the feed coals wersented in Table 5-1, It shows the proximate
results for all the feed coal used in this studyl &igure 5-1 to 5-8 shows the mineralogical
composition of the feed coal and products obtainea the tribo-electrostatic test, While Table

5-2 and 5-3 shows the rank, maceral compositionnaiccolithotype particle analysis conducted

on the feed and products obtained from the trileatebstatic test. The extent to which the feed

coal can be cleaned after single and two stagea@mawere summarized in Table 5-5 and 5-6.

Table 5-1. Proximate results for feed coal

Coal sample Fixed carbon %  Volatile matter|% Moty | Ash %
Klipfontein 42.03 20.57 1.59 35.81
Liketh Townlands 44.97 20.71 2.82 31.50
Polmaise 42.88 20.76 3.28 33.08
Majuba 43.69 23.01 3.19 30.10
New Vaal 33.64 20.08 7.51 38.77
Koorfontein 52.35 24.04 3.03 20.58
Khutala seam 2 44.66 22.28 121 31.85
Khutala seam 4 38.91 22.88 1.20 37.46

5.1.1. XRD Analysis
The diffractograms from Figure 5-1 to Figure 5-8whk the X-ray diffraction pattern for
particles smaller than 177 um. It can be obsertatl the coal consists mostly of crystalline

minerals such as quartz, kaolinite, and organic fhufilme intensity of quartz and Kaolinite is
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very strong in the feed coal compared to the cléaiegle pass and second pass coal products
obtained after separation, which is characterwstia high ash Southern Hemisphere coal. With
Majuba coal (Figure 5-1) the feed shows a loweranig hump with high mineral matter
compared to a much larger hump in the cleaned ptodie increase in the organic hump of the
cleaned products indicates lower mineral matteictviean be seen in all the coal tested. Organic
hump corresponds to the quantity of the organisgmein the coal since organic matter behaves

like an amorphous material to X-rays (Hutton anchifke, 1996).
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Figure 5-1. X ray diffraction pattern Majuba fedsklow), cleaned single pass product (middle)
and cleaned second pass coal product (above)Taifbe-separation
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Figure 5-2. X ray diffraction pattern Koorfontefeed (below), cleaned single pass product

(middle) and cleaned second pass coal product @ladter Tribo-separation
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Figure 5-3. X ray diffraction pattern of Khulatasam feed coal (below), cleaned single pass

product (middle), and cleaned second pass prodbotvg) after Tribo-separation
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Figure 5-4. X ray diffraction pattern of Khulataséam feed coal (below), cleaned single pass

product (middle), and cleaned second pass prodbow€) after Tribo-separation
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Figure 5-5. X ray diffraction pattern of Liketh Talands feed (above) and cleaned coal (below)
after Tribo-separation
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Figure 5-6. X ray diffraction pattern of Polmaised coal (below), cleaned single pass product
(middle), and cleaned second pass product (abdes)Taibo-separation
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Figure 5-7. X ray diffraction pattern of Klipfontefeed (above) and cleaned coal (below) after
Tribo-separation.
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Figure 5-8. X ray diffraction pattern of New Vaakfl coal (below), cleaned single pass product
(middle), and cleaned second pass product (abdes)Taibo-separation

5.1.2. Petrographic Analysis

Petrographic composition in terms of the macera amcrolithotype analysis provided some
information regarding the extent to which the caehs cleaned using tribo-electrostatic
separation technique. Cleaned coal products olatdhoen the single and two stage separation,
along with the feed were subjected to a combinedenah and microlithotype analysis. The
results obtained were presented in Table 5-2 aBdParticles charged positively in the charging
chamber and collected from the negative plate mldes shows a high vitrinite composition
compared to the feed coal. From table 5-2, thd wati@nite in the Khutala No.2 seam coal feed
accounted for 15% and increasing to 53% after the $tage test with the total inertinite
decreased to 37% from 63%. In terms of the mircotitpe analysis, the pure vitrinte particles
showed a remarkable increase from 11% in the f@ethb 84% in the two stage product. Same
trend were followed by Koorfontein and Klipfonteaoal in regards to the reduction in the
visible mineral in the feed. The change in mine@icentration down to 6% after the two stage
cleaning for Koorfontein coal was accompanied byleas marked change of maceral

composition, with vitrinte content increasing to%386This is an evident that the vitrinite was
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more concentrated in the clean product with thepstpfrom the lower ash content from two
stage test results obtained in Table 5-5 .

Table 5-2. Maceral composition and mineral matendhutala No. 2 seam, Khutala No. 4 seam

Koorfontein and Klipfontein coals processed throtriffoelectrostatic separation

SAMPLES MACERAL ANALYSIS (% BY VOLUME AND MINERAL MATTER
(-177) um BASIS)
VITRINITE LIPTINITE INERTINITE V|SIBLE
MINERAL

Khutala 2 seam (feed) 15 3 63 19
Khutala 2 seam (Single stage

39 3 50 8
test)
Khutala 2 seam (Two stage

53 3 37 7
test)
Khutala 4 seam (feed)

21 3 51 25
Khutala 4 seam (Single stage

34 2 51 13
test)
Khutala 4 seam (Two stage

54 3 34 9
test)
Koorfontein (feed) 23 3 64 10
Koorfontein (Single stage 31 2 60 7
test)
Koorfontein (Two stage test) 36 2 56 6
Klipfontein (feed)

17 2 61 20
Klipfontein (Single stage

18 2 66 14
test)
Klipfontein (Two stage test)

17 2 71 10
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Table 5-3. Microlithotype — particle analysis fohiltala No. 2 seam, Khutala No. 4 seam,

Koorfontein and Klipfontein coals processed throtriffoelectrostatic separation

Samples Pure Pure Pure Organic VISIBLE MINERALS %
(-177) um Vitrinite Liptinite Inertinite Intermediates
% % % % Carbominerite Mineral rich

Khutala 2 seam

11 0 26 21 23 19
(feed)
Khutala 2 seam

) 25 0 35 27 10 3

(Single stage test)
Khutala 2 seam

34 0 31 25 8 2
(Two stage test)
Khutala 4 seam

12 0 30 20 19 19
(feed)
Khutala 4 seam

) 22 0 33 27 14 4

(Single stage test)
Khutala 4 seam

40 0 25 24 8 3
(Two stage test)
Koorfontein (feed)

15 0 40 25 14 6
Koorfontein (Single

20 0 43 25 8 4
stage test)
Koorfontein (Two

25 0 41 26 7 1
stage test)
Klipfontein (feed)

11 0 35 22 21 11
Klipfontein (Single

12 0 44 21 16 7
stage test)
Klipfontein (Two

14 0 57 14 9 6
stage test)
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5.2.Washablity and froth rate test

The washability and froth flotation studies wereaocted to evaluate or delineate the cleaning
potential of the coal samples utilized in this stpdor to their separation in RTS, and the results
obtained from both tests are shown in Figure 5@ &f0. For the froth rate test, the coal
particles are collected between 15 to 360 secoodarfalysis, while the washability test was
conducted at a relative density of 1.4 and 1.8 Rzan be seen in Fig. 5-10 that a clean coal of
6.80% ash with a combustible recovery of 20.99% wlatained at 1.4 RD for Klipfontein coal
while a clean coal of 7.51% ash was produced aRD4vith a combustible recovery of 15.02%
for New Vaal coal. The results obtained from theA&loat analysis were far better as compared
to the froth flotation test in Figure 5-9 which wéed in a clean froth product of 18.30% ash at
3.60% combustible recovery after 15 seconds foNte Vaal coal and another clean product of
22.20% ash at 22.42% combustible recovery was@lected after 60 seconds. A clean froth
product of 20.63% ash with 10.75% combustible mattas obtained for the Klipfontein coal,
while the Koornfontein coal shows the best sepamatind responses to froth flotation. It was
quite obvious that the coal samples utilized is gtudy were difficult to clean by froth flotation
as shown by low recovery and high ash percentagmel coal product obtained. This supports

the alternative cleaning processes such as triattrebktatic separation.
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5.3.Effect of particle size on tribo-electrostatic sepion

Figure 5-11 and 5-12 presents the experimentaltsefsu the effect of particle size on the grade
and cumulative yield of clean product obtained fribra two stage separations conducted using
an octagonal rotary charger electrostatic separalbe investigation was performed on
Klipfontein coal at (177 x 74) um and (-177) pmesfeaction, and the same fractions were also
investigated for Liketh Townlands coal. Figure%&nd 5-14 shows another set of investigation
conducted under single and two stage separatiomotin coal samples at (177 X 74) size
fraction. All tests were conducted at constant gimay voltage: 0 KV; separating voltage: 12.5
KV; air velocity: 2.5 m/sec; rotary speed of 25@dnr and splitter positioned at 0.6 cm from the
negative electrode. The results obtained as piexden Figure 5-11 and 5-12 that coarser
particles with lower ash clean product and betgasation compared to the result obtained from
the finer particles. Cleaner coal product of 9.888l was obtained for the Liketh Townland coal
at (177 x 74) um compared to 12.60% ash produdtimmdd for (-177) um in Figure 5-4. The
result obtained in Figure 5-3 for Klipfontein caadbo followed the same trend, with a cleaner

product ash of 11.10% attained at (177 x 74) um1ah80% obtained at (-177) um size fraction.

Results obtained on Klipfontein coal are presemteBigure 5-13 for the single and two stage
separation with (177 x 74) um size fraction. Thasults reveal a clean product of 17.30% ash
with a yield of 14.70% from a feed coal of abou%3&sh was obtained under the single stage of
separation. The second stage of separation furdurced the clean coal ash to 15.50% ash
product with 10.90% vyield and 11.10% ash produt¢h\8i40% vyield. From Figure 5-14, Liketh
Townlands coal with a feed coal of 30% ash was edgoiced to 15.11% ash after single stage
separation, and further reduced to a clean proofu@i87% ash under second stage separation. It

is noticed that all data generated from two stdggeparation are at the upper part of the single
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stage separation curve, showing better separatiomezovery for both coal tested.

The result from the (177 x 74) um size fraction dlrsamples tested can be attributed to higher
charge density imparted by the rotary charger andize fraction as compared to (-177) um coal
fraction. Fine particles are known to be moreaated to the charging surfaces after being
charged due to the large differences in surfacegeheelative to the mass of the particle. The
reduction in the charge densities imparted on tlmwal fraction might be attributed to the
decrease in the field intensity within the chargaigmber by the sticking of these particles on
the rotary charger and the decrease in the pa#tialechamber contacts. The increase in higher
ash products obtained from the (-177) um sizeifvastin this study seems to be in an agreement
with the result obtained by Yodaet al. (1997a; 1997b) on the cleaning of fine coal witheach

scale Tribo electrostatic separator (TES) unit po@d with tribocharger.
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Figure 5-11. Effect of particle size on grade aedowery of Klipfontein coal at constant
charging voltage: 0 KV; separating voltage: 12.5 K velocity: 2.5 m/sec; and rotary speed of
2500 rpm.
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Figure 5-12. Effect of particle size on grade aecbwery of Liketh Townlands coal at constant
charging voltage: 0 KV; separating voltage: 12.5 Kwv velocity: 2.5 m/sec; and rotary speed of
2500 rpm.
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Figure 5-13. Single and two stage test on Klipfontmal at constant charging voltage: 0 KV;
sseparating voltage: 12.5 Kv; air velocity: 2.5 @a/sand rotary speed of 2500 rpm.
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Figure 5-14 Single and two stage test on Liketh filawds coal at constant charging voltage: 0
KV; sseparating voltage: 12.5 Kv; air velocity: 2rBsec; and rotary speed of 2500 rpm.

5.4 Effects of splitter position

The study provides information on the position loé splitters which is very important for the
efficiency of the triboelectrostatic separator aisb influences the grade and recovery of the
coal product. The product splitter position wagisiéd to achieve different splits of clean coal
products, middlings and tailings. For instance, nvllee splitter was tilted more toward the
negative electrode, a cleaner coal product wasacel at the expense of combustible recovery.
This resulted in the shift of the data point to ésveft corner along the combustible recovery vs.
Ash curve and also changes the shape and positithre @urve as shown in Figure 5-15. Two
stage separation tests were conducted with Kligiontoal at four different splitter settings to

optimize the positions of the splitters for higlade product recovery. Tests were investigated at
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a constant injection gas velocity of 2.5 m/s, aaplcharging potential of 5.0 KV, separation
chamber voltage of 22.5 KV, and rotating speed@fiBrpm The outlet air velocities through
the three nozzles were maintained at 6.1 m/sesh@s/n in Figure 5-15 product of 24.46%
ash was obtained when the splitter was 0.6 cm fleemegative electrode and 2.7 cm away from
the positive electrode. The decrease in ash from28b to 24.32% was at the expense of
combustible matter recovered. For example, the ostitile matter recovered was 61.24% for
the Klipfontein coal when the splitter was locatie8 cm from the negative electrode. This was
in agreement with the result reported by Soengl. (1998) on the tribo-electrostatic separation
of Slovakian coal and also confirms the informatmnovided by Kelly and Spottisword (1982)

on the influence of splitter position over grade aecovery.

Ashrejection %o
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Combustiblerecovery %
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——-R=0.6.C=2.9.L=1.3 —8—R=1.5.C=1.5.L=18

Figure 5-15. Effect of splitter distance on gradw aecovery of Klipfontein coal at constant
charging voltage: 5 KV; sseparating voltage: 22\5 &ir velocity: 2.5 m/sec; and separating

voltage: 12.5 Kv.
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5.5. Comparing the effect of splitter distance angle and two stage separation

The effect of splitter distance on single and twage separation was investigated. Results
obtained as presented in Figure 5-16 reveals #adnsl stage test had a better separation in
terms of ash reduction and product quality recavefiée application of both single and two
stage test can only be economically justified, dame the product quality obtained and the end
utilization. The clean coal products, middlings atailings obtained during the test were
achieved by varying the splitter position at R=03;1.5, & L=2.7 cm and R=1.0; C=1.5 &
L=2.3 cm for both samples, respectively. Single and stage separation was conducted on
Majuba coal at a constant injection gas velocity. 8fm/s, applied charging potential of 1.5 KV,
separation chamber voltage of 12.5 KV, and rotatipged of 2500 rpnfFor Majuba coal in
Figure 5-16, the single stage curve for a splitesitioned at 0.6 cm from the negative electrode
shows a clean coal product of 14.70% ash from @ ¢eal of 30.10% ash, which is closer to the
clean product of 13.30% ash obtained from the timgestest at 1.0 cm away from the negative
electrode. The ash % in the clean coal produchéarincreased to 15.90% as the splitter was
adjusted to 1.0 cm away from the negative electrétitevever, two stage separation processes
still shows greater reduction of high ash from tbed coal. The two stage test result shown in
Figure 5-16 for the same coal shows #ipétter positioned 0.6 cm from the negative electrode,
with a clean coal product of 11.10% ash and 5.9@¥hustible matter collected, while the
increase in the combustible matter from 5.90% ®0% at 1.0 cm away from the negative
electrode was at the expense of the cleaned prodiletted. The same trend was observed from
Koornfontein coal, as shown in Figure 5-% clean product of 9.98% ash and combustible
matter of 3.51% was obtained when the splitter @& cm from the negative electrode and
11.70% cleaned ash product was collected at 1.@way from the negative electrode for two

stage test. While under single pass test, a cleahaf 13.10% ash and combustible matter of
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11.30% was obtained when the splitter was 0.6 @mfthe negative electrode and 14.20%

cleaned ash product was collected at 1.0 cm aveay fhe negative electrode.
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Figure 5-16. Effect of splitter distance on singled second stage test on Majuba coal at a
constant charging voltage: 1.5 KV; separating \ggtal2.5 KV; air velocity of 1.9 m/sec and
rotary speed of 2500 rpm.
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Figure 5-17. Effect of splitter distance on singéss and second stage test on Koornfontein coal
at a constant charging voltage: 1.5 KV; separatioitpge: 12.5 KV; air velocity of 1.9 m/sec

and rotary speed of 2500 rpm.
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Khutala No. 2 seam coal was also subjected to-glbotrostatic separation at two different
splitter set-ups and the result was presented gnr€&i5-18, the test was conducted under the
single stage separation process. Splitter positiegre set at 0.6 cm and 1.0 cm away from the
negative electrode. Cleaner coal of about 14.5086 aaxl 17.43% combustible matter was
obtained when the splitter was moved 0.6 cm awaynfthe negative electrode. In addition,
15.72% ash with 28.12% combustible matter was pbthivhen the splitter position was shifted
1.0 cm away from the negative electrode. The reshdivs that a cleaner coal product can be

obtained as the splitter is being position closdhe negative electrode.
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Figure 5-18. Effect of splitter distance on KhutdNa. 2 seam coal at a constant charging
voltage: 0 KV; separating voltage: 12.5 KV; air ety of 1.9 m/sec and rotary speed of 2500

rpm.
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5.6.Effect of charger rotation speed

A second stage separation test was conducted lgyngathe tangential speed of the octagonal
rotary charger electrostatic separator. The chgrgfrparticles with a copper plated material has
been proven to be the best material for impartioth lpositive and negative charges on coal
particles and for effective tribo-charging of cambypowders and quartz (Dwari and Rao, 2006;
Dwari and Rao, 2009). The results obtained fordleaning of Klipfontein, Liketh Townlands,
Majuba, Khutala No. 2 and 4 seams are presentegure=5-19, shows the RTS separation data
obtained with the Klipfontein coal at four diffetecharger rotation speeds. In these tests, the
charger was subjected to zero electric potential #re external potential applied to the
separation chamber was 22.5 kv. The feed rate veastamed at approximately 12 g/min with
one splitter set at 0.6 cm away from the negatigetede and the other at 2.7 cm apart from the
positive electrode. As shown in Figure 5-19, arleaal product with 14.52% ash was produced
from a feed coal of about 35.23% ash at 2500 rpchaB m/sec air velocity with a yield of
about 10.14%. More so, cleaner products of 24.368027.26% ash were also obtained at about
60.09% and 80.16% cumulative vyield, respectivelys the rotating speed increased, the
separation curve shown in figure 5-19 did not cleasignificantly. Although the curve obtained
at 3000 rpm appeared to be away from the otheresyv careful examination indicates that the

shift was caused mainly by the slight changes aa fash.
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Figure 5-19. Effect of charger rotation speed oadgrand recovery for Klipfontein coal at
constant splitter distance: R=0.6; C= 1.5 & L= 2m,; charging voltage: 0 Kv; separating
voltage: 22.5 Kv and air velocity of 2.5 m/sec

Figure 5-20 and 5-21 show the separation data gextewith the Liketh Townlands and Majuba
coal as a function of charger rotation speed, @smdy. A clean coal product of 12.53% ash
was produced from the feed coal of about 31.40%ahashcumulative yield of about 8.26% at
2500 rpm for Liketh Townlands coal. Under the saest condition, cleaner coal products with
16.40% ash and 29.22% vyield, and 20.43% ash arid %y yield was produced, respectively.
The cumulative yield also increased to approxinyad®.41% at a clean coal ash of 20.33%, as
shown in Figure 5-12. The highest grade producaiobtl in Figure 5-13 for Majuba coal was
produced at 2500 rpm when the clean coal reacheetbtest ash content of 11.10% from a feed
coal of about 30.10% ash. At 4000 rpm, clean coadlyct with 15.80% ash and 31.12% yield

was also obtained at 1.9 m/sec air velocity.
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As the rotary charging speed increases, the nuofbesntacts and impact force also increases,
therefore, high charge transfer is expected. Tlaegas might reach a maximum whereby charge
backflow or discharging might occurred as the pbesi reaches a plateau. This can be noted in
all the figures, which indicate the separation @eniance was not significantly affected by the

rotation speed in the range of 2500 and 5000 rpm.
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Figure 5-20. Effect of charger rotation speed adgrand recovery for Liketh Townlands coal at
constant splitter distance: R=0.6; C= 1.5 & L= 2m,; charging voltage: 0 Kv; separating
voltage: 22.5 Kv and air velocity of 2.5 m/sec
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Figure 5-21. Effect of charger rotation speed aadgrand recovery for Majuba coal at constant
splitter distance: R=0.6; C= 1.5 & L= 2.7 cm; chaggvoltage: 0 Kv; separating voltage: 12.5

Kv and air velocity of 1.9 m/sec

The second stage test as shown in Figure 5-22 @3dfér Khutala No. 2 seam and 4 seam also
shows that the cleanest coal can be produced & 250 as compared to other rotating speed
tested. For the two coals, thplitter was positioned at 0.6 cm from the negative eleetnodh

the cleanest coal product of 8.90% ash and 10.@3%@hbtained at 2500 rpm for Khutala 2 seam
and 4 seams, respectively. While, a clean coalymtodiith 16.30% ash and 25.71% vyield was

obtained at 4000 rpm for Khutala No. 4 seam coahel recovery was observed at higher
rotation speed for Khutala No. 4 seam coal as coaap® the result obtained for Khutala No. 2

seam, which shows almost the same curve patterwibuthe cleanest product obtained at 2500

rpm at a given product ash for all the coal samplé®e cumulative yield vs. cumulative ash
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curve as presented in Figure 5-19 and 5-20 alswiges further evidence that high rotation
speed results in slightly better separation siheecirve moves towards the upper right corner as
the rotation speed increases. Nevertheless, thalFigures it can be seen that the coal cleaning
performance is not strongly affected by the rotatspeed in the test range. This is possibly
because particles almost reached the maximum cliarmgty at the rotation speed of 2500 rpm
and thus further increase in charger rotation speedittle effect on charging efficiency. Inculet

(1984) stated that as the particle reaches itggehanit, charge backflow or discharging occurs.
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Figure 5-22. Effect of charger rotation speed aadgrand recovery for Khutala No. 2 seam coal
at constant splitter distance: R=0.6; C= 1.5 & L¥ 2m; charging voltage: 0 Kv; separating
voltage: 12.5 Kv and air velocity of 1.9 m/sec.
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Figure 5-23. Effect of charger rotation speed aadgrand recovery for Khutala No. 4 seam coal
at constant splitter distance: R=0.6; C= 1.5 & L¥ 2m; charging voltage: 0 Kv; separating

voltage: 12.5 Kv and air velocity of 1.9 m/sec

5.7.Effect of charging potential

Particles are fed into the cylindrical charging ro@r where the rotor is positioned to prevent
the coal particles from falling into the separatmane without making contact with the copper
plated surface of the octagonal rotor and the enswdll of the chamber. The potential of the

rotary charger of the RTS was controlled as ornth®imeans of enhancing particle charging and
subsequent separation efficiency by applying antedefield to the charger. The application of

an external applied voltage or zero potential mHgwaan increase in the charge density
imparted on the coal particles depending on theen@dtor coal type tested. Figures 5-24 shows

the coal beneficiation results obtained under diffié charging potentials with Klipfontein coal.
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Figure 5-24. Effect of charging voltage on Klipfeint coal at a constant splitter distance, air

velocity, feed rate and separating voltage

The test was conducted under two stage separatioditons and the average feed rate was
maintained at 12 g/min and the rotary charger dpdrat a speed of 3000 rpm with the splitters
set 0.6 cm from the negative electrode and 2.7 ram fthe positive electrode. The charging
potential varied from 0 to 8.5 KV with the Klipfaih coal. Figure 5-23 shows the clean coal ash
decreased for a given yield as the applied chargoigntial was lowered, indicating lower
charging potential was preferred for this particutaal. For instance, the cleanest coal of
27.70% ash was generated with a cumulative yielapgroximately 36.44% from a feed of
36.02% ash at a charging potential of 8.5 KV. Atbzeharging potential, a clean coal with the
same ash content was produced with a cumulativiel yie nearly 70.12%. The result is in
contrast with the findings reported from the sepanaof quartz from phosphate, where the
increase in external voltage was found to be mdfieient in the charging and separation of

phosphate from quartz (Tao and Jiang, 2006). Tdrgaton can be attributed to the coal
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particles used in this research being charged aatlirat zero potential compared to the

magnitude of charge that can be acquired by phospizaticles.
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Figure 5-25. Effect of charging voltage on Liketbwinlands coal at a constant splitter distance,

air velocity, feed rate and separating voltage

Figure 5-25 shows the effect of different chargunifage from 0 KV to 5.0 KV at a separating
voltage of 12.5 KV for the cleaning of Liketh Tovanlds coal. Results obtained as presented in
Figure 5-25 also indicates that cleaner coal prtsdcan be produced at lower charging potential,
with the cleanest clean coal ash of 12.62% obtaired a feed of 31.50% ash at zero charging
potential with a yield of 7.12%. Further increasehe charging potential to 5.0 KV produces a
clean coal product with 15.40% ash and yield ofuald®.04%. This also indicated that lower
charging voltage or zero charging potential wasgpred for the entire coal sample investigated.
The same trend was also observed in Figures 5-@&&Y for Koornfontein coal and Khutala

No. 4 seam coal, respectively.
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Figure 5-26. Effect of charging voltage on Koorrtin coal at a constant splitter distance, air

velocity, feed rate and separating voltage
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Figure 5-27. Effect of charging voltage on Khut®Na. 4 seam coal at a constant splitter

distance, air velocity, feed rate and separatintage
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The cleanest coal product of approximately 9.03% \was also obtained from a feed coal of
about 22.12% ash at 0 KV charging voltage comptrelde cleanest product of 13.93% ash with
a yield of 16.20% obtained when the potential wasgased to 5.0 KV in Figure 5-26. The same
trend was also observed when Khutala No. 4 sealnrcé@gure 5-27 was subjected to different
charging voltage, with the highest grade produttioled at zero charging voltage at the expense
of the cumulative yield. The cumulative yield vanwlative ash curve is almost identical for the
entire sample tested, indicating that the chargiogntial had little effect on the separation for
this coal sample. In addition, it can be conclutieat the particle/particle, copper plated rotor
and the chamber wall are more effective in induahgrges for the separation of the coal tested

compared to an applied external voltage.

5.8. Effect of separating voltage on single and sed stage test

The external electric field strength and the changgnitude control the particle trajectory in the
separation zone. Clean coal with different gradas be obtained by varying the applied
potential in order to regulate the field intensitithin the separating zone. The increase in the
separation voltage is expected to produce cleahproducts with better separation and grade.
However, the electric field intensity and the cgadde decreases for this separator as the applied
potential increases due to particle build-up onsting¢ace of the two electrodes. The potential of
an external applied separation voltage in enhantiageparation efficiency and setting the best
separation potential for the single stage test @ubh and Koornfontein coal was investigated.
The second stage test conducted on Majuba coalcam®d out at 1.5 KV charging voltage,
separation voltage ranging from 10 to 20 KV, ailoe#y of 1.9 m/s and splitter distance of 0.6

cm from the negative electrode. While, Polmaisel @a Khutala No. 4 seam coal were
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separated at zero charging voltage, separatioageiarying from 10 to 25 KV, air velocity of
2.5 m/s, splitter distance of 0.6 cm from the niegatlectrode and rotary charger operated at a

speed of 2500 rpm.
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Figure 5-28. Effect of separating voltage on Majudmal under two stage test at a constant

splitter distance, air velocity, feed rate and safpag voltage
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Figure 5-29. Effect of separating voltage on Koontéin coal under two stage tests at a constant

splitter distance, air velocity, feed rate and safiag voltage
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Figure 5-30. Effect of separating voltage on Potmatoal under two stage test at a constant
splitter distance: R=0.6; C= 1.5 & L= 2.7 cm; chaggvoltage: 0 Kv; air velocity of 2.5 m/sec
and rotary speed of 2500 rpm.
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Figure 5-31. Effect of separating voltage on KhatBlo. 4 Seam coal under two stage at a
constant splitter distance: R=0.6; C= 1.5 & L= @17, charging voltage: 0 Kv; air velocity of 1.9

m/sec and rotary speed of 2500 rpm.

The results obtained from the two stage testslarens in Figures 5-28, 5-29, 5-30 and 5-31 for
Majuba coal, Koornfontein Polmaise coal and Khuldta 4 seam, respectively. Coal products
with the highest grade were obtained at the loveggilied potential with better separation
generated as the potential increases for the eteite This was observed in all the tests as the
potential increases to 20 KV the curve can be saaring to the upper right of the plot, showing
better separation than the products obtained &\1,0.2.5 KV and 15 KV. It should be pointed
out that higher separation voltages may increasea# content in the cleanest fraction of coal
products. For example, the lowest ash value of(P@.8/as increased to 12.74% as the potential
increased from 10 KV to 20 KV with the Majuba caalthe two stage of separation. In addition,
ash % for Khutala No. 4 seam clean product furthereased from 10.60 % to 12.81 % as the
potential applied increases from 12.5 KV to 25 KV Rigure 5-31. Similar observation was

made by Dwari and Rao (2006) with the separatioarofndian thermal coal. This is mainly
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because the higher separation potential divertee wmal particles to the clean coal or increased

cumulative yield.

The plots for the single pass test with middlingyaing are presented in figures 5-32, 5-33 and
5-34, respectivelySeparating voltage varied from 12.5 KV to 20 KV wesed in separating
Majuba coal at 1.5 KV charging voltage, while Kdmmtein coal was separated at 10 and 12.5
KV separating voltage and zero charging voltagee Thmulative ash % vs. cumulative yield
curves in Figure 5-32 for Majuba single pass testeals an ash content of 16.09% at a
cumulative yield of about 29.12%. Second stage itestigure 5-33 shows a product ash of
9.98% and 13.12% ash with a cumulative yield of1%2and 11.30%, respectively for
Koornfontein coal. Hence, another coal product Withtb8% ash with a combustible recovery of

46% was also obtained for Koornfontein coal untierdingle stage test in Figure 5-32.
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Figure 5-32. Effect of separating voltage on simgss and middling re-cycled Majuba coal at a
constant splitter distance: R=0.6; C= 1.5 & L= &n7; charging voltage: 1.5 Kv; air velocity of
1.9 m/sec and rotary speed of 2500 rpm.
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Figure 5-33. Effect of separating voltage on singgess and middling re-cycled Koornfontein
coal at a constant splitter distance: R=0.6; C=&.b= 2.7 cm; charging voltage: 0 Kv; air

velocity of 2.5 m/sec and rotary speed of 2500 rpm.
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Figure 5-34. Effect of separating voltage on singiss and middling re-cycled Polmaise coal at
a constant splitter distance: R=0.6; C= 1.5 & L#Z @mn; charging voltage: 0 Kv; air velocity of
2.5 m/sec and rotary speed of 2500 rpm.
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The separation of Polmaise coal also followed tammes trend as those observed during the
separation of Majuba and Koornfontein coal, with thghest grade product obtained at 10 KV
was 19.70% ash product with a yield of 10.52% frrheed coal of about 33.23% in Figure 5-
34. Both single and second stage test indicatddotitter separation can be achieved depending
on the required grade and percentage yield requifee calorific values and total sulphur
obtained from both tests as shown in Table 5-4dicatd that better separation with high grade

products can only be obtained after multistageldesat the expense of recovery.

Table 5-4. Triboelectrostatic separation resultd/ajuba and Koornfontein coal

Coal Sample Majuba Feed Single Pass Second|R&assrnfontein| Single | Second
Feed
Pass Pass
Calorific Value
20.149 25.669 27.479 24.53 25.815 28.30
(MJ/Kg)
Total Sulphur
2.35 0.924 0.725 2.10 0.775 0.680
(%)
30.10 14.67 10.76 22.12 12.92 11.11
Ash (%)

5.9.Effect of air injection velocity

The injection flow velocity of particles throughtabo-electrostatic separator is an important
parameter for determining the system separatioitigficy. The air flow rate through the
separator determines the extent of the contacefbetween the particles and the turbulence
force required in promoting particle-particle cartfgoarticle-wall and particle-octagonal rotary

surface collision. The number of contacts betwden garticles and the copper plated rotary
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surface could be enhanced by the air flow rate lwhiso determines the residence time of the
particles within the cylindrical charging chamberdathe separating zone of the RTS. The
separation efficiency as a function of injection\aelocity on the product’'s grade was conducted
using two stage separation, where the clean coalugts from the single pass test are used as a
feed during the two stage separation process. &85 shows the effect of injection flow
velocity on -177um Majuba coal. The coal was fed into the separataleu different injection

air velocities, ranging from 1.3 m/sec to 2.5 m/gmnstant rotary speed of 2500 rpm, separation

chamber voltage of 12.5 KV, and applied charginggptal of 1.5 KV.
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Figure 5-35. Effect of air injection velocity on Maa coal at a constant splitter distance, feed

rate, charging voltage and separating voltage

The increase in injection velocity is known to ease the particle/particle interaction, turbulent
flow, tribo-charging time, and the particle spexifiharges, but in this investigation, higher air

injection flow had been found to reduce the pagtiskparation efficiency. This might be as a
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result of reduction in the particle residence timehe charging chamber, thereby reducing the
number of contacts between particle/particle amtigi@/octagonal surface of the rotor, thereby
reducing the particle’s charge density. The asheardnn Majuba coal was reduced from a feed
coal of 30.10% ash to 10.76% ash at 1.3 m/sec. tthdesame conditions, a clean coal product
of 18.54% ash with a cumulative yield of 40.70% whsained, and as the air injection velocity

increases to 2.5 m/sec the product ash also ires¢asl2.21 %.
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Figure 5-36. Effect of air injection velocity on We/aal coal at a constant splitter distance, feed

rate, charging voltage and separating voltage

Figure 5-36 shows the results obtained for thers¢ipa of New Vaal coal using the octagonal
rotary charger of the RTS. The test was conductedeu different injection air velocities,
ranging from 1.3 m/sec to 3.1 m/sec, constant yosgeed of 3000 rpm, separation chamber
voltage of 12.5 KV, and applied charging potenti0 KV. A significant effect of the injection

flow rate was observed between 1.3 m/sec and 3&anCleaned coal product with 15.8% ash
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was obtained at 1.9 m/sec, while at 3.1 m/sec duymtowith 19.74% ash was obtained under the
same test conditions. As the injection velocityr@ases, the grade and separation efficiency for
all the curves in Figure 5-36 from 1.3 m/sec toB/$ec also reduces. This might be as a result
of reduction in the particle residence time in tf@rging chamber and the separating zone,
thereby decreases the contact number and magrofud@arges acquired by the particles from
each other and the copper rotary surface. At 1seenand 1.9 m/sec, the separation shows little
variation with changes in injection air velocityydathis shows that changes in injection velocity
within 1.3 m/sec and 1.9 m/sec do not have sigmificinfluence on the New Vaal coal

separation within the velocity range.
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Figure 5-37. Effect of air injection velocity on Bimfontein coal at a constant splitter distance,

feed rate, charging voltage and separating voltage.
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The separation of Koornfontein coal also followeé same trend as that observed during the
separation of New Vaal coal in Figure 5-36 but wittanges in pattern as the cumulative ash
product obtained was above 18% under differeningection velocity. For the best separation of
coal macerals from its inorganic component witliia Koornfontein coal, the injection velocity
was varied from 2.5 m/sec to 3.7 m/sec, constdittespdistance, and rotary speed of 2500 rpm,
charging voltage of 0 KV, and separating voltagéab KV. At low air injection velocity of 2.5
m/sec, a grade of 10.62% ash product was obtanoed & feed of 22.12% ash. Hence, further
increases in the air velocity to 3.7 m/sec yiefst@duct with 14.51% ash and 4.12% combustible
matter. This result shows that increasing the fl@locity for particle’s transportation reduces
both residence time in the charging chamber andeparation zone, thereby increasing the ash
content at 3.7 m/sec. As the separation proceed®riseparation was noticed at 3.7 m/sec with
about 19.13% ash product. This might be as a re$uslibstitution between the particle-particle
contact charging and the rotary surface contactgah@ Since at higher air velocity, rotary

charging surface tends to dominate over the pafrjrticle charging mechanism.

5.10. Effect of feed rate

The -177 um coal samples were subjected to trilaogihg in the octagonal rotary chamber at
different feed rate, and the result do reveals thatparticles do respond differently to tribo
electrostatic separation under different feed rabe Cumulative ash % vs. Cumulative yield %
curve representing the effect of coal feed rateg@ue and recovery for Majuba, Klipfontein,
Koornfontein and Khutala No. 4 seam coal are showhRigure 5-38, 5-39, 5-40 & 5-4All
tests were conducted at 1.5 KV charging voltages KX/ separation voltage, 1.9 m/s injection

velocity, 2500 rpm rotary speed, and splitter aistaof 0.6 cm away from the negative electrode
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for Majuba coal. A significant reduction was obshin the ash content of the feed coal as the
feed rate increases from 12 g/min to 24 g/min asvshin Figure 5-37 for Majuba coal. The
results obtained show a feed coal of 30.10% ashgbetduced to 10.50% ash product at 24
g/min, compared to 11.10% ash product obtained2ag)/inin for the same coal sample. The
same figure also indicates that a cleaner coalymtodf 18.90% ash and 46.20% yield can be
produced at a feed rate of 24 g/min. These reswéissimilar to those obtained by Tabal.
(2009) on thedry coal fly ash cleaning using rotary triboelestatic separator, where the
authors found that the increase in yield and adhatgon are less sensitive to the feed rate with a

rotary electrostatic separator due to its efficimrging mechanism under the set conditions.
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Figure 5-38. Effect of particle feed rate on Majudml at a constant charging voltage: 1.5 KV;
separating voltage: 12.5; air velocity of 1.9 m/aad rotary speed of 2500 rpm.
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Figure 5-39. Effect of particle feed rate on Kliptein coal at a constant charging voltage: 0 KV,

separating voltage: 12.5; air velocity of 2.5 m/aad rotary speed of 2500 rpm.

Further experimental tests conducted also showfdfligin coal being subjected to tribo-
charging at 12 g/min, 18 g/min and 26 g/min feed.rdhe test was conducted at zero charging
voltage, 12.5 KV separation voltage, 2.5 m/s inggctvelocity, 2500 rpm rotary speed, and
splitter distance of 0.6 cm away from the negaéileztrode. The result as shown in Figure 5-39
illustrate that the separation performance for RIS was actually improved as the feed rate
increases. At a feed rate of 12 g/min, a feed dskbout 35.40% ash was reduced to 14.90%
with a yield of 6.90 %. However, a higher feed rat26 g/min produces a clean coal of 12.60 %
ash with a yield of 5.02 % under the same test itiond The increase in the particle
concentration in the charging chamber which geedratore intensive particle\particle collisions

might be responsible for an enhanced particle chgrgnd better separation at higher feed rate.
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Figure 5-40. Effect of particle feed rate on Koamtkin coal at a constant charging voltage: 0

KV; separating voltage: 12.5; air velocity of 2.%sec and rotary speed of 2500 rpm.
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Figure 5-41 Effect of particle feed rate on Khutala No. 4 seemal at a constant charging

voltage: 0 KV; separating voltage: 12.5; air velpaf 1.9 m/sec and rotary speed of 2500 rpm.
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Figure 5-40 shows the separation data generatddtingt Koornfontein coal at 0 KV charging
voltage, 12.5 KV separation voltage, 2.5 m/s inggctvelocity, 2500 rpm rotary speed, and
splitter distance of 0.6, 1.5 and 2.7 cm as a fancbf particle feed rate. The cleanest coal
product produced from a feed of 22.12% ash was2%0.&t a feed rate of 12 g/min. As the feed
rate increases better separation was noticed girin and 23 g/min, with the feed rate of 17
g/min having the best separation. Similar trend alas observed for Khutala No. 4 seam coal as
shown in Figure 5-41, with better separation ackukeat a feed rate of 29.03 g/min compared to
12.84 g/min feed rate. Two mechanisms might be arsiple for the discrepancy in the
separation of Koorfontein coal as compared to didtlajuba coal. The cleanest coal product
obtained at a feed rate of 12 g/min might be aitat to the role of particle/wall charging, which
is responsible for charging particle at lower loaté than the particle/particle charging. While, at
higher load rates particle tend to be charged byptirticle/particle mechanism. The increase in
the particle-particle collisions at higher feederatvhich could give rise to more coal particles
being charged positively in the rotary chamber rilgh responsible for better separation of the
Majuba coal and Klipfontein coal from its inorganidis result was in agreement with the result
reported by (Yooret al. 1997a; 1997b) on the testing of a dry triboelestatic separator for fine

coal cleaning, and also indicates the importamaoficle-particle collisions in tribo-charging.

5.11.Effect of Co-flow

Separation efficiency for Khutala No. 2 seam céddutala No. 4 seam coal and Majuba coal
were evaluated based on the grade and recovehe @oal products generated. The effect of co-
flow rate was assessed in order to maximize canihg. Co-flow also known as the flow

straighteners are provided for sweeping away thécfes drawn to the surface of electrodes,
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and to reduce the turbulence flow by forming smamitlow of gas parallel to the feed stream
upon entering the separation zone. The airflow iwithe separation zone is expected to be
laminar so that the charged particles are onlyedéefld by the action of the electric field which is

of comparable strength to the drag force.
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Figure 5-42. Effect of Co-flow on Khutala No. 2 seaoal at constant air velocity: 1.9 m/sec;
charging & separating voltage: 0 KV & 12.5 KV; adiferent outlet velocity of 1100 ft/min,
1300 ft/min & 1500 ft/min.
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Figure 5-43. Effect of Co-flow on Khutala No. 4 seaoal at constant air velocity: 1.9 m/sec;
charging & separating voltage: 0 KV & 12.5 KV; adiferent outlet velocity of 1100 ft/min,
1300 ft/min & 1500 ft/min.

The test on Khutala No. 2 seam, Khutala No. 4 seaah and Majuba coal were performed at a
constant injection velocity of 1.9 m/sec, variedleuvelocity of 1100 ft/min, 1300 ft/min and
1500 ft/min. The effect of co-flow speeds of 2.5aw, 3.0 m/sec and 3.5 m/sec are presented in
Figure 5-42 for Khutala 2 seam coal. The higheatgrproduct was obtained at the lowest co-
flow velocity of 2.5 m/sec with a product ash o7 8%, and 9.75% vyield from a feed coal of
about 30.51% ash. At 3.5 m/sec co-flow velocityother coal product with 9.41% ash was also
obtained for Khutala No. 2 seam coal under the stwoestage test. The same trend was also
observed for Khutala No. 4 seam coal in Figure 5#th the highest grade coal product
obtained at 2.5 m/sec co-flow velocity. The reshlbws that for the range of co-flow velocity
tested the effect of co-flow are found to be lirdjtvith the 2.5 m/sec and 3.0 m/sec co-flow
velocity for Majuba coal in Figure 5-44 generatireimost the same product grade. It can be
observed that at 2.5 m/sec co-flow velocity for tinee coals presented, the results shows that at

1100 ft/min outlet velocity the highest quality t@aoducts were obtained which might be as a
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result of decrease in turbulence flow caused bystheoth stream of air within the separation
zone as the outlet velocity decreases. Similarltregas also observed by Ta al (2009),
where an increase in co-flow velocity unfavourablffected the separation capacity of the

cylindrical rotary separator.
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Figure 5-44. Effect of Co-flow on Majuba coal anstant air velocity: 1.9 m/sec; charging &
separating voltage: 1.5 KV & 12.5 KV; and differentitlet velocity of 1100 ft/min, 1300 ft/min
& 1500 ft/min.

5.12. Theoretical Energy Used by Octagonal Rotary i@arger

Tribo-electrification occurs as a result of relatimotion and exchange of charges between
particles, with the imparted charges being maiethinBearing friction and transported gas

within the separator are responsible for the enettigzed by the octagonal rotary charger. The

heat energy generated due to the action of thergehiction increases the temperature of both

the lubricant and neighbouring parts. While, thev@outilized by the journal bearing, that is, a
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simple bearing in which the shaft rotates in thariog with a layer of grease separating the two
parts can be established from equation 5-1 (SAR8S5).

1., 2mn
P = fPId =d — -1
b >9%0 ®

Where P, is the power loss in watt, anél is assumed as the unit load measured in tNém

the bearing over an estimated journal édeal (m) is the length in axial directiond (m)

represents the diameter of the journal. Total fancghe bearing ifPld (N), frictional force is
fPId (N),and fis the coefficient of friction. While, the frictionmoment is

fPId [%) (Nm), and 27in representing the number of radians turned by thé pler minutes.

The energy consumption by gas friction was alsal#ished from (Spotts, 1985), and the fluid
motion is being accomplished by slip or shear fdyvetveen the fluid particles throughout the
entire height of the fluid. According to Newton®a,, the shearing stress (N/m?) in the fluid

varies directly with velocityJ and inversely with the fluid height.

(5-2)

U
T = IJF

F
A

Where u is known as the coefficient of viscosity is the area of the rotary charger which can

be represented a&S*? (1+ «/E) for octagonal rotary charger used in the expertmen
F=pu— 5-3
H— (5-3)

Substituting A (m?), known as the octagonal surface area of the rotaayger into equation 5-3

to obtained equation 5-4, where S (m) is the sagth of rotary charger (m) is the distance
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between the rotary chamber and the surface ofdpper plated octagonal charger.

2
F- 28 (1;«/5)J 5-4)
2
252 {1+ ﬁ)(zelénj
Power lossP, = F .U = u - (5-5)
2 2,2
P, = ,qu (1+ @)(471 n ) (5-6)
6C“h
Therefore, the total power lodg is,
2 2,2
P =P, +P, = fPld1d2™My 25 @+@)(4” )
2 6C 6C“h
2 2.2
P =P, +P, = fPld2 M4 423 b+v2)(ann?) (5-7)

6C%h

The total power used by the octagonal rotary chargéhe present study was calculated from
equation (5-7),

L, The length of the rotary charger = 0.1025 m

f , Coefficient of friction for ball bearing = 0.0015

n, Rotary charger speed used = 2500 rev/min

D, Diameter of an octagonal rotor for the test = 008V
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|, Length of the shaft = 0.2032 m
d, Diameter of the shaft = 0.0160 m
p, Density of copper rotary charger = 8960 kg/m

h, Distance between the rotary chamber and the sudathe copper plated octagonal charger
=0.0936
S, Side length of rotary charger used = 0.035 m

1, Coefficient of viscosity = 1.8 X 10

P =P, +P, = fPId2m+p282(l+ﬁ)(4ﬂ2n2)
° 60 602h

» 3.14 x 2500 N

P, = 0.0015 x 6.84 x 0.2032 x (0.0160) -

o= 2(0.035) 21+ 2 )(4x 3142 x 2500°)

18x1 5
6C “ x 0.093¢

P, =6.9828 x 10 + 0.0779
P, =0.078 watt

The energy consumption or required for octagon@ryocharger at a surface tangential speed of

2500 rpm is 0.078 watt.

Since the rpm is constant for a given trial, therefthe power rating is expected to be constant
throughout the test. The total power utilized by Kg of coal in this test was 0.078 watt and for

1 ton of coal, the power utilized was 780 ton/wattis was found to be lower than that provided
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from the coal plants utilizing DMS and flotatiorckmique per ton. The energy consumed by the
DMS and Float flotation range from 8,000 to 15,080@tt h/ton, which varied according to the

rating of the motors, processing equipment, ledtine conveyor and type of coal utilized

5.13. Summary of the Calorific and Sulphur AnalysiResults

The current results on the utilization of triboétestatic separator to determine the process
optimum condition for maximum ash reduction and doit’'s recovery, and the factors
responsible for effective separation can be detexchifrom both single and two stage results
shown in Table 5-5 and 5-6. The preliminary dditaimed for both separation stages indicates
that single stage triboelectric separation is éiffecin producing cleaned coals, but cleaner,
higher grade with lower total sulphur content pradduare obtainable under two stage of

separation but at the expense of the coal paredevered.

Table 5-5: Second Stage Tribo-electrostatic TestuRs

Coal (-177| Feed Ash Calorific | Total Second Cum. Wt| Calorific | Total

pm) content | value sulphur | Pass (Cum| % value sulphur
(%) (MJ/Kg) Ash) % (MJ/Kg)

Liketh 31.30 21.313 1.740 12.20 8.90 27.73( 0.351

townlands

Khutala 2| 30.40 20.872 1.610 8.90 9.60 29.438 0.718

Seam)

Khutala 4| 36.00 18.126 1.590 10.94 6.01 28.183 0.873

Seam

Majuba 30.00 20.149 | 2.35 14.67 9.83 27.497 0.725

New Vaal |40.45 16.585 | 1.000 16.10 4.95 24.657 0.705

Polmaise | 32.35 19.995 | 2.51 15.27 6.37 27.451 0.750

Klipfontein | 36.00 21.735 | 1.90 14.52 8.49 27.023 0.565

Koorfontein| 22.00 24.530 | 0.884 9.98 3.06 28.350 0.510
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Table 5-6: Single Stage Tribo-electrostatic TestuRs

Coal (-177| Feed Ash Calorific | Total Single Cum. Wt| Calorific | Total

pm) content | value sulphur | Pass (Cum| % value sulphur
(%) (MJ/Kg) Ash) % (MJ/Kg)

Liketh 31.30 21.313 | 1.740 14.64 17.11 26.853 0.513

townlands

Khutala 2| 30.40 20.872 | 1.610 14.64 25.66 26.952 0.809

Seam)

Khutala 4| 36.00 18.126 | 1.590 18.18 17.36 25.160 1.02

Seam

Majuba 30.00 20.149 | 2.35 10.76 5.83 25.669 0.924

New Vaal |40.45 16.585 | 1.000 22.83 14.06 22.234 0.915

Polmaise | 32.35 19.995 | 251 19.57 13.54 25.636 1.100

Klipfontein | 36.00 21.735 | 1.90 17.42 19.58 25.955 0.896

Koorfontein| 22.00 24.530 | 0.884 13.12 11.30 27.233 0.685

5.14. Concluding observations

The separation performance of the RTS with SA dependent on the operating parameters
such as tangential speed of the rotor, injectiow fVelocity, feed rate, separating potential and
feed rate, compared to other electrostatic sepandtere their performance are found to be very
sensitive to changes to feed rate change. The atowgcal studies, along with the total sulphur

analysis and heat content test shows the impoofatwo stage separation over single stage of
separation. The zero charging potential appliedh® charging chamber also resulted into

product with the highest grade, which might be agslt of particle charged saturation and

backflow as the applied charging potential incresase

On the basis of test work done to date, the origiiat scale test equipment and process were

critically assessed and further developments haea lrawn up in order to design an improved
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pilot scale separator for test work in South Africa

The key aspects of the new design (Figure 5-4%ihare as follows:

a.

A Keithley electrometer with a 6522 scanner cardli@ measuring of the charge
magnitude imparted on coal particles to determime potential at which the

particles are charge-saturated.

Collecting bins made in the form of Faraday cups.

The surface electrodes should be replaced with gledtrodes to mitigate the
effect of particle build up and increase the sdpamaefficiency at higher

separation voltage.

Sample distribution in the feed system should lokiced from the initial 45.72
cm to 15.24 cm to reduce the time taken for pasigdassing through the charging

chamber to the downstream separating zone.
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Figure 5-45. Schematic representation of an upgradeumatic triboelectrostatic separator with

an octagonal rotary rotor.
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CHAPTER SIX
6.0. Cousions, Benefits and Recommendations
6.1. Conclusions
The research focuses on the feasibility of the dralectrostatic separator (RTS) for the
separation of South African fine coal organics frtime mineral components using different
electric field strengths which are generated witktle separation zone. Optimum process
conditions for maximum combustible recovery andldyievere determined by running both
single-stage and second stage separation testgatiOpal parameters that determined the
process separation efficiency were investigatee rEsults obtained under different separation
parameters on single and two stage separation wests analysed to determine the extent of
beneficiation, change in coal characteristics dedpotential application of the RTS technology
for beneficiating South African fine coal. The Kigefroth flotation tests and sink/float tests
were conducted on six different fine coals to estduthe cleaning potential of the coals for

separation using conventional methods.

A model for determining the energy consumption {g)ator an octagonal rotary charger was

established based on the energy created by thmbeand the gas friction.

The following observations are drawn from the ouotes of this research:

1. The data on the electrostatic separation of Sottticahk coal samples has shown that the

RTS technique can be applied for effective dry cdealning. The RTS separation
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techniqgue was more effective in separating Soutlic&f coals tested in this research

than the current kinetic froth flotation methodsipgrading South African coals.

. The X-Ray Diffraction (XRD) has revealed that Soutfrican coals contained high
concentrations of quartz, kaolinite and pyrite #mel organic component was enriched in
the clean coal products obtained from single and-stage RTS separation tests

compared to the feed.

. Better separation with the cleanest coal produets achieved but at the expense of the
recovery of the combustible matter by using the-stame separation rather than the
single- stage separation. The cleanest coal prodlid0.82% ash at a combustible
recovery of 3.61% was obtained from Majuba feed waid 30.10% ash from the second
stage of separation. Further cleaning also resuttadclean product of 14.28% ash and a
combustible recovery of 10.60%, and a clean co#h W6.09% ash was produced at a

combustible recovery of 29.23% from one stage passion.

. Cleaner coal products are obtained as the spigtpositioned at 0.6 cm away from the
negative electrode than when shifted 1.0 cm away the negative electrode. The single
stage separation test of Khutala 2 seam coal atf®.éand 1.0 cm from the negative
electrode resulted in a clean coal of 15.20% ash?2r4% combustible matter when the
splitter was 0.6 cm from the negative electrodel 4n.37% ash product with 36.20%
combustible matter when the splitter position wadted 1.0 cm from the negative

electrode
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5. The coal grades were shown to decrease in qualitthis type of separator as the applied

6.

7.

potential increases as a result of the increastertric field intensity created within the
separating zone and thereby resulted into parbaiéd-up on the surface of the two
electrodes. Two stage tests conducted on Majublaatdab KV charging voltage and air
velocity of 1.9 m/s shows the increase in the amfitent of the product obtained from
10.80% to 12.74% as the potential increased fror{\.@ 20 KV. The same trend also
applied to Khutala 4 seam coal with ash conteneising from 10.60% to 12.81% as the

potential that was applied increased from 12.5 K\2% KV.

A higher potential of 22.5 KV in the separation wieer resulted in better separation
recovery of 8.40% clean coal product and13.90% @asttent. While, a clean coal
product of 13.18% ash was achieved with a recoue/91% at the lowest potential of
12.5 KV. For a given ash in a product, the combustiblewegowas up to 20 % higher
at 22.50 KV than at 10 KV for the Liketh Townlandsal and 18.32% higher for the
Klipfontein coal. The coarser sized coal providedleaner product relative to the
tailings since the minerals in the tailings, sushcky, were liberated and, being smaller
in size than the coal particles, accumulated m finer sized fraction and thereby

increased the ash content in that fraction.

The external voltage applied to the charging chanshews that the separation curves
are essentially similar for all the coal samplestad apart from zero potential where the
lowest ash products were obtained for all the samfgsted. This shows that external

potential should not be applied to the rotary chafgr the coal tested due to the higher

ash products obtained between 1.5 KV to 5.0 KV. E\v in future tests the potential of
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the particles reaching a saturated point still seedbe determined from the upgraded

RTS.

8. The RTS process is efficient in rejecting sulphuthe coal samples tested in this study.
It reduced sulfur content from 2.09 % to 0.93% abmbustible recovery of 5.74% with
the Klipfontein coal at 0 KV charging voltage, 1¥ iseparating voltage and 3000 rpm
rotary speed. Liketh Townlands sulfur content aiz® reduced from 1.73% to 0.27% at
8.90% combustible recovery at 0 KV charging voltate.5 KV separating voltage and

5000 rpm rotary speed.

9. The RTS process is very effective in increasingddlerific value of coals tested in this
study. The calorific value for the Majulf@ed coal was increased from 20.15 MJ/Kg to
27.48 MJ/Kg after the second stage of separatiolewthe single stage separation
produced a clean coal product with 25.67 MJ/Kg,1@% ash and 29% combustible
recovery for the Majuba coal. The same applieddinBise coal where a calorific value
of 19.99 MJ/Kg was increased to 25.64 MJ/Kg and2M™MJ/Kg after the single and two-

stage separation process respectively.

10.The effect of feed rate on several coals testedigu&TS has indicated a strong
dependence of separation performance on partigbeutiicle collisions. More significant
reduction in the ash content was observed as #terie increased from 12 g/min to 24
g/min for Majuba coal. Feed coal of 30.10% ash vealticed to 10.50% at 24 g/min, as
compared to 11.10% at 12 g/min. In addition, du¢hincrease in the better grade of

clean coal products obtained at higher feed rateuRTS, it would appear that this
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separator can be scaled up for commercial appicatdue to its efficient charging

mechanism under controlled feed rates.

11.The octagonal separator demonstrated a bettecleasgparation for the (177 x 74) um
than the (-177) um size fraction. The results olet@i for Liketh Townland and
Klipfontein coal indicate that lower ash, cleanevduct and better separation is achieved
using coarser sized particles compared to thetrebtdined from the finer particles. This
result can be attributed to higher charge densifyarrted on (177 x 74) um coal fraction,
while the higher ash product obtained from the 7)1¥m size fractions can be attributed
to the decrease in the field intensity within theuging chamber by the sticking of fine
particles onto the rotary charger and the decreaséhe particle-to-wall chamber

contacts.

12.The theoretical model developed based on the lgpaaimd gas friction within the
octagonal rotary charger can be used to calcutetedst of energy expended after each
tests had been conducted at different parametapset®his has shown that the total
energy used by an octagonal rotary rotor with 0408iameter and at 2500 rpm is 0.078

watt.

13.0n the basis of test work done to date, the origiiat scale test equipment and process

were critically assessed and further developmeawe fbeen drawn up in order to design

an improved pilot scale separator for test workauth Africa.
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6.2. Benefits
In terms of future potential applications of RT8Hherologies, the following processes and

industries are listed as potential beneficiaries:

1. In terms of power generation, beneficiation of tine milled products between the mill
and boiler would lead to a considerably improvedligy of coal fed into the boilers. This

would result in less coal required to provide thme energy output.

2. Providing lower ash coal would increase the efficly of all pulverized fuel fed kilns in

the cement industry or blast furnaces in the matgiltal industry.

3. The use of cleaner coal would lead to improved remvnental conditions through the
reduction of emissions of GOSQ,, NO,, and lower the quantities of combusted ash for

disposal.

4. Higher efficiencies in coal utilization would lead reducedunburned carbon content
obtained in fly ashes. This in turn would leaddw Icarbon ash products which have high

value as mineral admixtures for cement in the mactufing of a concrete.

5. Beneficiating pulverized coal could also open upparpunities for using specific
gasification technologies that have not been sk@itabSouth Africa to date due to their
high ash content and relatively low reactivity. §hipecifically refers to the Koppers
Totzek gasifiers which were installed for the maatfire of ammonia in the 1980’s in
South Africa but which were found to be totally uitable to South African coals due to
the factors listed above.
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6. Interms of advanced carbon products, beneficiatigh ash coal to very low ash content
products would open up opportunities to obtainauttiean coal which could be used in
the manufacture of nanotubes, carbon fibres, anctomized coal. The latter can

substitute for oil or gas in certain power statiand as transport fuels.

7. Alternative uses for the RTS process have alreagnbshown, for example, in the
beneficiation of phosphate from its host rock cartide. This process has been found to
be more efficient and cost effective that the aur@nventional processes that include,

relative to flotation and leaching, washing andidgag, and drying.

In summary, South Africa is known to have low gramal in its remaining reserves and the
value of using such coal has been limited by poashability, high sulphur content, high
unburned carbon and inefficiency in most converdioutilisation processes. Conventional
beneficiation processes are unable to reduce theagent in most run-of-mine coals due to the
size limitations in coarse sized processes andcdlify in separating ultra fine coal from
minerals in fine coal separation. The RTS processldieen shown to beneficiate such difficult
fine material to very high efficiencies and mosportantly, without the utilization of water in
the cleaning process. This could open the door ignif&ant commercialization of
Triboelectrostatic techniques in future, not onty toal but also for other base metals in

Southern African region.
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6.3. Recommendations

The main focus of the present study was to deterrthie feasibility of cleaning South African
fine coal through dry beneficiation using Triboettestatic process. The RTS has proved to be
an alternative approach in coal separation witlatgoetential for improvement in the recovery of
cleaned products. Emphasis was placed on the sygteameters such as applied charger
potential, separation chamber voltage, rotatioredp# the copper plated rotor, injection flow
speed, co-flow, feed rate and splitter distand@esults have indicated that further experimental
studies on the charging mechanism and the magnitudiearges imparted on particles is needed
to fully understand the importance of differentotie field intensities in tribo-electrostatic

separation processes. The following is therefecemmended for future study:

1. The construction of a new novel octagonal tribaetestatic separator consisting of three
collecting bins in the form of Faraday cups and ditlidey electrometer with 8522
scanner card for the measuring of the charge matgitnd polarity of the charges
imparted on the coal particle aneeded to better understand the influence of atieabp

potential difference in coal separation. The charggnitude(Q) acquired by the coal
particles from each of the bins will need to becgklted knowing the voltaggV)

measured from the Keithley electrometer §8dfrom the Faraday cup.

2. Particle build-up was noticed along the surfacethed two electrodes used in this
experimental work as the separation potential as@e from 10 KV to 25 KV, thereby

decreasing the quality of coal product obtainedorder to mitigate this effect, a grid
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5.

electrode, spaced apart from the chamber bodyc@mmended as a possible alternative

form of separating electrodes

The study on the influence of the system parameierh as charger rotary speed should
be investigated further by measuring the chargenmade of coal particles obtained
using a Keithley electrometer at different rotahaiger speeds and different charging
potential. Emphasis should be placed on the speed at whicpdtieles become charge

saturated once they are charge at zero potential.

More experimental studies should be conducted erfrtith flotation of SA fine coal to

evaluate and compare the cost and effectivenes® TS for fine coal separation.

A computer model should also be developed for satmg the performance of the

separator in order to lead to forecasting commkevadility of the process.
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Washability, Froth rate and Tribo-electrostatic studies Data

APPEND

IX A

Table A.1. Sink and float data for Polmaise codl7/(X 74) um at different relative density

Relative Density| Weight Ash content| Cum Float Cum Float | Combustible
Fraction % % (clean coal) | (clean coal)| Recovery %
Wt % Ash %
Float 1.40
19.76 6.81 19.76 6.81 26.95
1.40-1.80
54.96 22.42 74.72 18.29 89.38
Sink 1.80
25.28 71.3 100.00 31.69 100
Total
100 31.69

Table A.2. Sink and float data for Majuba coal (X774) um at different relative density

Relative Density| Weight Ash content| Cum Float | Cum Float | Combustible
Fraction % % (clean coal) | (clean coal)| Recovery %
Wt % Ash %
Float 1.40
19.97 5.9 19.97 5.9 25.49
1.40-1.80
61.77 21.16 81.74 17.43 91.55
Sink 1.80
18.26 65.88 100.00 26.28 100
Total
100 26.28

Table A.3. Sink and float data for Liketh Townlarabal (177 X 74) um at different relative

density
Relative Density| Weight Ash content| Cum Float | Cum Float | Combustible
Fraction % % (clean coal) | (clean coal)| Recovery %
Wt % Ash %
Float 1.40
16.50 6.22 16.50 6.22 21.53
1.40-1.80
60.84 19.39 77.34 16.58 89.77
Sink 1.80
22.66 67.56 100.00 28.13 100
Total
100 28.13
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Table A.4. Sink and float data for Klipfontein cqalr'7 X 74) um at different relative density

Relative Density| Weight Ash content| Cum Float Cum Float | Combustible
Fraction % % (clean coal) | (clean coal)| Recovery %
Wt % Ash %
Float 1.40
14.61 6.8 14.61 6.8 20.99
1.40-1.80
54.87 22.12 69.49 18.90 86.88
Sink 1.80
30.51 72.1 100.00 35.13 100
Total
100 35.13

Table A.5. Sink and float data for Koorfontein c@br7 X 74) um at different relative density

Relative Density| Weight Ash content| Cum Float Cum Float | Combustible
Fraction % % (clean coal) | (clean coal)| Recovery %
Wt % Ash %
Float 1.40
39.70 4.48 39.70 4.48 44,73
1.40-1.80
53.51 16.5 93.21 11.38 97.43
Sink 1.80
6.79 67.95 100.00 15.22 100
Total
100 15.22

Table A.6. Sink and float data for New Vaal cod{IX 74) um at different relative density

Relative Density| Weight Ash content| Cum Float Cum Float | Combustible
Fraction % % (clean coal) | (clean coal)| Recovery %
Wt % Ash %
Float 1.40
10.04 7.51 10.04 7.51 14.97
1.40-1.80
54.56 23.61 64.60 21.11 82.14
Sink 1.80
35.40 68.7 100.00 37.96 100
Total
100 37.96
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Table A.7. Froth rate data for Polmaise coal (-37m)at 15 ppm and 1200 rpm

Sample (Time)| Fractional | Ash content| Cumulative | Cumulative | Combustible
sec Yield (Wt) % % Weight % | Ash content| Recovery %
%
15
14.88 19.49 14.88 19.49 17.92
30
10.90 20.76 25.78 20.03 30.84
45
7.12 21.58 32.90 20.36 39.19
60
5.87 22.29 38.77 20.66 46.02
120
9.90 25.29 48.68 21.60 57.09
240
5.77 29.82 54.44 22.47 63.15
360
1.40 33.27 55.84 22.74 64.54
Tailings
44.16 46.32 100.00 33.15 100
Total
100.00 33.15
Table A.8. Froth rate data for Majuba coal (-17i) at 15 ppm and 1200 rpm
Sample (Time)| Fractional | Ash content| Cumulative | Cumulative | Combustible
sec Yield (Wt) % % Weight % | Ash content| Recovery %
%
15
21.30 19.61 21.30 19.61 24.58
30
15.20 22.85 36.50 20.96 41.41
45
7.56 23.89 44.06 21.46 49.67
60
3.29 23.37 47.35 21.59 53.29
120
3.59 25.32 50.94 21.86 57.14
240
1.53 25.61 52.47 21.97 58.77
360
0.72 20.60 53.19 21.95 59.59
Tailings
46.81 39.86 100.00 30.33 100
Total
100.00 30.33
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Table A.9. Froth rate data for Koorfontein coal/(fum at 15 ppm and 1200 rpm

Sample (Time)| Fractional | Ash content| Cumulative | Cumulative | Combustible
sec Yield (Wt) % % Weight % | Ash content| Recovery %
%

15

7.05 12.49 7.05 12.49 7.75
30

4.39 12.78 11.44 12.60 12.56
45

4.07 13.06 15.51 12.72 16.99
60

3.13 13.52 18.64 12.86 20.40
120

8.62 14.82 27.26 13.48 29.61
240

6.17 17.55 33.43 14.23 36.00
360

1.87 19.99 35.30 14.53 37.88
Tailings

64.70 23.53 100.00 20.35 100
Total

100.00 20.35

Table A.10. Froth rate data for Liketh Townlandalgqel77) um at 15 ppm and 1200 rpm

Sample (Time)| Fractional | Ash content| Cumulative | Cumulative | Combustible
sec Yield (Wt) % % Weight % | Ash content| Recovery %
%
15
43.93 22.53 43.93 22.53 47.88
30
22.79 24.34 66.72 23.15 72.14
45
8.12 27.22 74.84 23.59 80.45
60
4.89 26.31 79.73 23.76 85.52
120
8.20 25.33 87.93 23.90 94.14
240
1.56 33.03 89.49 24.06 95.60
Tailings
10.51 70.27 100.00 28.92 100
Total
100.00 28.92
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Table A.11. Froth rate data for Klipfontein coa {7) um at 15 ppm and 1200 rpm

Sample (Time)| Fractional | Ash content| Cumulative | Cumulative | Combustible
sec Yield (Wt) % % Weight % | Ash content| Recovery %
%
15
8.85 20.63 8.85 20.63 10.75
30
14.48 22.88 23.33 22.03 27.84
45
8.87 23.46 32.21 22.42 38.24
60
6.92 24.33 39.13 22.76 46.25
120
10.40 26.99 49.53 23.65 57.87
240
5.84 32.83 55.37 24.62 63.87
360
1.56 37.01 56.93 24.96 65.38
Tailings
43.07 47.47 100.00 34.65 100
Total
100.00 34.65
Table A.12. Froth rate data for New Vaal coal (i at 15 ppm and 1200 rpm
Sample (Time)| Fractional | Ash content| Cumulative | Cumulative | Combustible
sec Yield (Wt) % % Weight % | Ash content| Recovery %
%
15
2.58 18.27 2.58 18.27 3.56
30
3.66 21.07 6.24 19.91 8.44
45
1.96 22.57 8.20 20.55 11.00
60
1.52 24.66 9.72 21.19 12.93
120
2.33 27.57 12.05 22.42 15.78
240
1.46 30.82 13.51 23.33 17.48
360
0.35 24.31 13.86 23.36 17.93
Tailings
86.14 43.55 100.00 40.75 100
Total
100.00 40.75
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Table A.13. Charging voltage experiments data foutéla No. 2 seam coal from second stage Tribdrelsatic

test atd KV, 1.9 m/sec air velocity & 12.5 KV separating vgka

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.90 10.48 6.90 10.4B8 8.87 97.62
2
10.52 17.04 17.42 14.44 21.40 91,71
3
8.05 17.39 25.47 15.37 30.95 87.10
4
32.74 27.07 58.21 21.95 65.23 57,89
5
3.25 28.89 61.44 22.32 68.55 54.80
6
2.16 31.67 63.62 22.64 70.66 52.65
7
13.04 39.06 76.66 25.43 82.08 35/76
8
14.43 42.38 91.09 28.12 94.01 15,61
9
8.91 53.17 100.00 30.35 100 0.00
Total
100.00 30.35

Table A.14. Charging voltage experiments data foutéla No. 2 seam coal from second stage Tribdrelsatic

test atl.5 KV, 1.9 m/sec air velocity & 12.5 KV separating vgka

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.74 10.42 6.74 10.4p 8.69 97.69
2
9.65 16.19 16.4( 13.82 20.33 92.57
3
7.93 17.21 24.33 14.92 29.78 88.09
4
32.52 26.55 56.8% 21.97 64.14 59,78
5
2.35 30.71 59.19 21.94 66.48 57.41
6
3.69 32.97 62.89 22.58 70.04 53.42
7
13.88 38.61 76.77 25.48 82.30 35,84
8
14.56 42.96 91.33 28.27 94.25 1532
9
8.67 53.89 100.00 30.49 100 0.00
Total
100.00 30.49
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Table A.15. Charging voltage experiments data foutdla No. 2 seam coal from second stage Tribdrelgtatic

test a2.5 KV, 1.9 m/sec air velocity & 12.5 KVseparating vokag

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.34 9.59 6.34 9.59 8.26 98.01
2
9.33 15.78 15.67 13.2]7 19.%8 93.R0
3
7.85 17.41 23.52 14.65 28.92 88.[73
4
2.83 26.27 26.35 15.90 31.92 86.30
5
31.71 26.34 58.07 21.60 65.58 58,98
6
2.66 30.15 60.73 21.98 68.26 56.35
7
13.82 38.87 74.5% 25.11 80.43 38,79
8
15.87 42.27 90.42 28.12 93.62 16.85
9
9.58 53.80 100.00 30.58 100 0.00
Total
100.00 30.58

Table A.16. Charging voltage experiments data foutéla No. 2 seam coal from second stage Tribdrelsatic

test ats5 KV, 1.9 m/sec air velocity & 12.5 KVseparating vokag

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.96 9.28 5.96 9.28 7.80 98.01
2
8.75 15.91 14.71 13.22 18.40 93.p0
3
7.52 16.75 22.23 14.4p 27.43 88.73
4
31.23 25.92 53.46 21.14 60.79 86.30
5
3.21 27.57 56.64 21.50 64.15 58.98
6
2.87 29.57 59.54 21.89 67.06 56.35
7
13.65 38.36 73.20 24.96 79.19 38,79
8
16.58 41.71 89.77 28.05 93.12 16.85
9
10.23 53.36 100.00 30.64 100 0.p0
Total
100.00 30.64
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Table A.17. Separating voltage experiments dat&Fartala No. 2 seam coal from second stag#0-electrostatic

test atl2.5 KV, 1.9 m/sec air velocity & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.30 8.90 7.30 8.90 9.56 97.86
2
9.00 14.39 16.31 11.98 20.63 93.60
3
8.32 15.44 24.62 13.12 30.74 89.37
4
26.18 24.27 50.81 18.86 59.22 68.46
5
3.04 25.22 53.84 19.2p 62.48 65.94
6
3.78 29.59 57.62 19.90 66.31 62.P6
7
11.99 36.21 69.62 22.71 77.30 47 97
8
18.63 42.59 88.25 26.91 92.67 21,86
9
11.75 56.55 100.00 30.39 100 0.p0
Total
100.00 30.39

Table A.18. Separating voltage experiments dat&fartala No. 2 seam coal from second stage Trikotalstatic

test atl5 KV, 1.9 m/sec air velocity & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.14 9.03 7.14 9.08 9.33 97.88
2
9.22 15.11 16.36 12.46 20.58 93.830
3
8.37 16.19 24.73 13.72 30.65 88.84
4
26.84 24.88 51.56 19.53 59.62 66.88
5
3.50 26.15 55.07 19.95 63.34 63.87
6
3.43 29.63 58.49 20.5P2 66.80 60.53
7
11.87 36.91 70.36 23.28 77.%6 4612
8
17.98 42.21] 88.34 27.13 92.49 21)16
9
11.66 55.17 100.00 30.40 100 0.p0
Total
100.00 30.40Q
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Table A.19. Separating voltage experiments dat&fartala No. 2 seam coal from second stage Tribotadstatic

test at20 KV, 1.9 m/sec air velocity & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
8.66 9.85 8.66 9.85 11.24 97.21
2
9.64 15.47 18.3( 12.81 22.97 92.832
3
8.45 15.83 26.75 13.76 33.20 87.04
4
22.66 24.63 49.41 18.75 57.79 69.66
5
3.98 26.01 53.39 19.29 62.04 66.27
6
453 28.68 57.93 20.02 66.69 62.01
7
11.91 36.89 69.84 22.90 77.51 47 62
8
17.34 42.06 87.18 26.71 91.97 2373
9
12.82 56.51 100.00 30.53 100 0.p0
Total
100.00 30.53

Table A.20. Separating voltage experiments dat&fartala No. 2 seam coal from second stage Tribotadstatic

test a25 KV, 1.9 m/sec air velocity & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
9.25 10.11 9.25 10.11 12.00 96.p5
2
9.29 15.68, 18.54 12.90 23.29 92.p0
3
9.04 16.19 27.54 13.98 34.22 87.42
4
20.29 24.17 47.88 18.30 56.41 7142
5
4.42 25.85 52.3( 18.94 61.14 67.69
6
5.32 27.80 57.62 19.76 66.68 62.86
7
11.05 36.47 68.68 22.45 76.81 4972
8
16.92 41.47 85.6( 26.21 91.09 26,82
9
14.40 57.10 100.00 30.66 100 0.p0
Total
100.00 30.66
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Table A.21. Air velocity experiments data for Khat&lo. 2 seam coal from second stage Triboelecttiogiest at

1.3 m/sec0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
9.30 9.76 9.30 9.76 12.14 97.06
2
9.47 15.53 18.76 12.67 23.71 92.830
3
9.16 16.25 27.92 13.84 34.81 87.49
4
21.53 24.10 49.45% 18.31 58.46 70,70
5
4,22 27.34 53.67 19.0p 62.90 66.96
6
5.75 31.02 59.42 20.18 68.63 61.19
7
10.24 36.07 69.66 22.52 78.11 4924
8
18.07 43.91] 87.73 26.92 92.78 2355
9
12.27 59.32 100.00 30.90 100 0.p0
Total
100.00 30.90

Table A.22. Air velocity experiments data for Khat&lo. 2 seam coal from second stage Triboelecttiogiest at

1.9 m/sec0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.30 8.90 7.30 8.90 9.56 97.86
2
9.00 14.39 16.31 11.93 20.63 93.60
3
8.32 15.44 24.62 13.1 30.74 89.37
4
26.18 24.27 50.81 18.86 59.22 68.46
5
3.04 25.22 53.84 19.2P 62.48 65.94
6
3.78 29.59 57.62 19.90 66.31 62.26
7
11.99 36.21 69.62 22.71 77.30 47197
8
18.63 42.59 88.2% 26.91 92.67 21,86
9
11.75 56.55 100.00 30.39 100 0.p0
Total
100.00 30.39
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Table A.23. Air velocity experiments data for Khat&lo. 2 seam coal from second stage Triboelecttiogest at

2.5 m/secp KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.54 9.17 6.54 9.1y 8.62 98.07
2
9.64 15.10 16.19 12.70 20.49 93.38
3
8.77 16.91 24.95 14.18 31.07 88.61
4
31.43 26.63 56.39 21.12 64.52 61.66
5
2.93 26.67 59.31 21.39 67.63 59.15
6
3.64 31.46 62.95 21.98 71.25 55.47
7
11.59 38.53 74.54 24.55 81.58 41/09
8
17.00 45.88 91.54 28.51 94.93 15,98
9
8.46 58.70 100.00 31.06 100 0.00
Total
100.00 31.06

Table A.24. Feed rate experiments data for Khitala2 seam coal from second stage Tribo-

electrostatic test 5f.32 g/min,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
9.02 10.83 9.07 10.88 11.64 96.83
2
10.22 16.67| 19.24 13.93 23.94 91.31
3
8.94 17.02 28.14 14.91 34.67 86.37
4
28.50 27.20 56.69 21.09 64.67 61.23
5
3.49 29.12 60.17 21.56 68.25 57.94
6
4.31 32.20 64.44 22.27 72.48 53.44
7
10.00 39.46 74.49 24.58 81.23 40,64
8
15.91 44.70 90.39 28.12 93.95 17,58
9
9.61 56.44 100.00 30.84 100 0.p0
Total
100.00 30.84
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Table A.25. Feed rate experiments data for Khitala2 seam coal from second stage Tribo-

electrostatic test26.45 g/min,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.90 10.21 6.90 10.21L 8.89 97.68
2
10.52 17.04 17.42 14.34 21.42 91,77
3
8.05 17.39 25.47 15.30 30.96 87.[15
4
32.74 27.07 58.21 21.92 65.24 57.93
5
3.25 28.89 61.44 22.29 68.56 54.83
6
2.16 31.67 63.62 22.6[1 70.67 52.68
7
13.04 39.06 76.66 25.41 82.08 35/78
8
14.43 42.38 91.09 28.09 94.01 15,62
9
8.91 53.17 100.00 30.33 100 0.00
Total
100.00 30.33

Table A.26. Feed rate experiments data for Khutala2 seam coal from second stage

Tribo-electrostatic test &3.40 g/min,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.26 9.89 7.26 9.89 9.47 97.68
2
9.29 15.82 16.54 13.2p 20.79 92.02
3
8.77 16.27 25.33 14.28 31.42 88.30
4
28.15 25.45 53.47 20.16 61.79 65,12
5
3.23 27.11 56.7( 20.556 65.20 62.29
6
4.15 28.99 60.84 21.13 69.46 58.40
7
11.25 38.87 72.10 23.90 79.41 4426
8
17.83 43.76 89.93 27.83 93.93 19.01
9
10.07 58.34 100.00 30.91 100 0.p0
Total
100.00 30.91
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Table A.27. Rotary charger speed experiments dataKhutala No. 2 seam coal from second stage Tribo-

electrostatic test &500 rpm,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.30 8.90 7.30 8.90 9.56 97.86
2
9.00 14.39 16.31 11.98 20.63 93.60
3
8.32 15.44 24.62 13.12 30.74 89.37
4
26.18 24.27 50.81 18.86 59.22 68.46
5
3.04 25.22 53.84 19.2p 62.48 65.94
6
3.78 29.59 57.62 19.90 66.31 62.26
7
11.99 36.21 69.62 22.71 77.30 47 97
8
18.63 42.59 88.25 26.91 92.67 21,86
9
11.75 56.55 100.00 30.39 100 0.p0
Total
100.00 30.39

Table A.28. Rotary charger speed experiments daat&ffiutala No. 2 seam from second stage Tribo-eletadtic
test at3000 rpm, 0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
8.89 9.36 8.89 9.36 11.65 97.30
2
9.93 15.14 18.82 12.41 23.84 92.43
3
8.58 15.97| 27.39 13.52 34.26 88.00
4
23.14 24.60 50.53 18.60 59.50 69.56
5
4.06 26.44 54.6( 19.18 63.82 66.07
6
457 30.77 59.14 20.07 68.40 61.62
7
11.77 37.02 70.93 22.89 79.12 47 40
8
17.14 44 .49 88.07 27.09 92.88 2270
9
11.93 58.74 100.00 30.97 100 0.p0
Total
100.00 30.87
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Table A.29. Rotary charger speed experiments daat&ffiutala No. 2 seam from second stage Tribo-eletadtic

test a4000 rpm, 0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
10.73 9.93 10.743 9.98 13.97 96.54
2
9.85 15.23 20.5¢§ 12.4f7 26.04 91.68
3
9.57 16.42 30.115 13.72 37.61 86.58
4
19.33 24.97 49.48 18.12 58.57 70,92
5
4.94 25.70 54.42 18.80 63.87 66.80
6
5.87 29.44 60.2§ 19.84 69.86 61.R0
7
9.73 37.54 70.01 22.30 78.64 4935
8
16.95 44.08 86.97 26.54 92.85 25]10
9
13.03 59.37 100.00 30.92 100 0.p0
Total
100.00 30.82

Table A.30. Co-flow experiments data for Khutala [8seam coal from second stage Tribo- electrastasit a.5

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.37 8.75 7.37 8.76 9.67 97.89
2
8.57 14.21 15.93 11.69 20.25 93.90
3
8.51 15.51 24.44 13.02 30.60 89.57
4
26.35 25.72 50.79 19.61 58.76 67.36
5
3.00 24.55 53.79 19.88 62.02 64.95
6
4.18 28.41 57.97 20.50 66.33 61.06
7
12.77 35.14 70.74 23.14 78.24 46,35
8
17.79 42.48 88.53 27.03 92.97 21,58
9
11.47 57.41 100.00 30.51 100 0.p0
Total
100.00 30.51
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Table A.31. Co-flow experiments data for Khutala [8seam coal from second stage Tribo- electrastasit at3.0

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.30 8.95 7.30 8.95 9.56 97.85
2
9.00 14.39 16.31 11.95 20.63 93.59
3
8.32 15.44 24.62 13.18 30.73 89.36
4
26.18 24.27 50.81 18.87 59.22 68.45
5
3.04 25.22 53.84 19.283 62.48 65.94
6
3.78 29.59 57.62 19.91 66.31 62.P6
7
11.99 36.21 69.62 22.72 77.30 47 97
8
18.63 42.59 88.25 26.91 92.67 21,86
9
11.75 56.55 100.00 30.40 100 0.p0
Total
100.00 30.40Q

Table A.32. Co-flow experiments data for Khutala l8seam coal from second stage Tribo- electrastasit at3.5

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.58 9.41 6.58 9.41 8.62 98.00
2
7.95 14.63 14.53 12.2/7 18.45 94.p4
3
8.60 16.48 23.13 13.83 28.85 89.65
4
27.06 23.72 50.19 19.16 58.73 68.89
5
2.75 25.43 52.94 19.49 61.70 66.63
6
3.76 26.22 56.7( 19.94 65.72 63.44
7
12.23 36.41 68.93 22.86 76.97 49/04
8
19.52 43.24 88.4% 27.36 93.01 2174
9
11.55 58.19 100.00 30.92 100 0.p0
Total
100.00 30.92
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Table A.33. Separating voltage experiments dat&fartala No. 2 seam coal from Single and Middliegecycled

electrostatic test dt0 KV, 0 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
19.19 15.07 19.19 15.0 23.73 90,77
2
8.36 17.75 27.55 15.8 33.74 86.03
3
30.24 27.02 57.79 21.7 65.87 59.94
4
11.85 39.08 69.64 24.6 76.39 4515
5
30.36 46.58 100.00 31.3 100.p0 0J/00
Total
100.00 31.32

Splitter distance: 0.6 cm from the negative eletdro

Table A.34. Separating voltage experiments dat&fartala No. 2 seam coal from Single and Middliegecycled

electrostatic test dt2.5 KV, 0 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
21.66 14.74 21.66 14.7 26.85 89,78
2
9.29 17.38 30.94 15.58 38.00 84.61
3
26.83 26.78 57.77 20.7 66.57 61.60
4
10.77 40.17 68.54 23.8 75.94 4774
5
31.46 47.40 100.00 31.2 100.p0 0J/00
Total
100.00 31.23

Splitter distance: 0.6 cm from the negative eletdro
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Table A.35. Separating voltage experiments dat&fartala No. 2 seam coal from Single and Middliegecycled

electrostatic test dt0 KV, 0 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
24.27 15.22 24.27 15.2 29.83 88,09
2
9.97 19.02 34.24 16.3 41.%4 81.98
3
24.85 29.19 59.10 21.7 67.05 58,59
4
10.72 40.04 69.82 24.5 76.37 44 [75
5
30.18 45,99 100.00 31.0 100.p0 0J/00
Total
100.00 31.02

Splitter distance: 1.0 cm from the negative eletdro

Table A.36. Separating voltage experiments dat&fartala No. 2 seam coal from Single and Middliegecycled

electrostatic test dt2.5 KV, 0 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
25.36 14.77 25.36 14.7 31.36 87.94
2
10.27 17.94 35.63 15.6 43.58 82,02
3
21.54 28.52 57.17 20.5 65.92 62.24
4
10.60 39.67 67.77 23.5 75.20 4871
5
32.23 46.96 100.00 31.0 100.p0 0J/00
Total
100.00 31.07

Splitter distance: 1.0 cm from the negative eletdro
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Table A.37. Separating voltage experiments dat&émrnfontein coal from second stage Tribo-eledttis test at

10 KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
1.97 10.32 1.97 10.3p 2.24 99.04
2
4.40 15.05 6.37 13.5p 6.99 95.91
3
4.07 16.29 10.44 14.64 11.31 92.[78
4
28.71 19.27 39.1% 18.04 40.71 66.66
5
1.85 19.59 41.0( 18.11 42.60 64.95
6
2.50 21.92 43.49 18.32 45.07 62.36
7
17.17 22.37 60.67 19.47 61.98 44 22
8
21.71 23.13 82.38 20.43 83.16 20,51
9
17.62 24.65 100.00 21.18 100 0.p0
Total
100.00 21.18

Table A.38. Separating voltage experiments dat&é&mrnfontein coal from second stage Tribo-electtis test at

12.5 KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.60 10.50 3.60 10.5D 4.10 98.24
2
6.55 14.24 10.15 12.91 11.25 93.89
3
5.11 16.12 15.25 13.99 16.70 90.04
4
28.35 19.44 43.61 17.53 45,77 64,33
5
2.80 20.80 46.41 17.78 48.%9 61.61
6
2.67 22.53 49.04 17.99 51.23 58.[79
7
15.40 23.54 64.49 19.32 66.22 41,87
8
19.57 24.56 84.05 20.54 85.01 1945
9
15.95 26.14 100.00 21.43 100 0.p0
Total
100.00 21.43
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Table A.39. Separating voltage experiments dat&émrnfontein coal from second stage Tribo-eledttis test at

15 KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.38 10.88 4.39 10.8B 4.96 97.V6
2
6.39 13.47 10.77 12.4p2 11.98 9371
3
7.33 15.85 18.1( 13.8]1 19.81 88.5
4
1.58 18.20 19.64 14.16 21.46 86.90
5
27.45 19.20 47.13 17.10 49.63 6212
6
2.89 22.80 50.02 17.43 52.46 59.01
7
15.46 23.78 65.48 18.93 67.43 4173
8
19.15 24.96 84.63 20.29 85.68 19.25
9
15.37 26.64 100.00 21.27 100 0.p0
Total
100.00 21.27

Table A.40. Separating voltage experiments dat&é&mrnfontein coal from second stage Tribo-electtis test at

20KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.65 11.46 5.65 11.4p 6.34 96.93
2
8.54 14.44 14.19 13.26 15.60 91.10
3
7.14 15.40 21.32 13.9¢7 23.26 85.90
4
25.13 19.05 46.46 16.72 49.05 63.24
5
3.32 20.98 49.7§ 17.00 52.38 59.04
6
3.25 22.57 53.03 17.36 55.58 56.46
7
12.47 23.92 65.50 18.60 67.60 4235
8
18.30 24.90 83.79 19.97 85.02 20,79
9
16.21 27.10 100.00 21.13 100 0.p0
Total
100.00 21.13
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Table A.41. Charging voltage experiments data footfontein coal from second stage Tribo-electtastast at)

KV, 12.5 KV separating voltage & 2.5 m/sec air velpci

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.06 9.98 3.06 9.98 3.50 98.56
2
5.34 13.34 8.4( 12.1p 9.37 95.20
3
4.40 14.78 12.8( 13.08 14.12 92.13
4
25.74 18.63 38.54 16.77 40.70 69,51
5
2.33 20.38 40.87 16.98 43.06 67.26
6
2.44 21.92 43.31 17.26 45.48 64.74
7
15.92 22.60 59.23 18.69 61.11 4777
8
21.44 24.13 80.67 20.14 81.75 2336
9
19.33 25.61 100.00 21.20 100 0.p0
Total
100.00 21.20Q

Table A.42. Charging voltage experiments data footfontein coal from second stage Tribo-electtastast at
1.5 KV, 12.5 KV separating voltage & 2.5 m/sec air velpci

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.30 11.66 7.30 11.6p 8.20 96.00
2
10.64 15.57 17.9% 13.98 19.61 88,21
3
9.05 17.49 27.0( 15.16 29.10 80.[77
4
2.71 21.11 29.7( 15.70 31.81 78.09
5
33.52 21.14 63.23 18.58 65.39 4478
6
3.00 24.18 66.23 18.84 68.28 41.37
7
11.34 24.67 77.56 19.69 79.13 28,23
8
15.07 26.13 92.64 20.74 93.28 9.72
9
7.36 28.10 100.00 21.28 100 0.00
Total
100.00 21.28
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Table A.43. Charging voltage experiments data footfontein coal from second stage Tribo-electtastast at
2.5 KV, 12.5 KV separating voltage & 2.5 m/sec air velpci

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
9.18 12.28 9.14 12.2B 10.23 94.72
2
12.38 16.89 21.56 14.93 23.31 84,91
3
10.94 18.28 32.49 16.06 34.67 75.54
4
32.46 21.88 64.9% 18.97 66.91 42 25
5
3.28 22.26 68.23 19.1p 70.14 38.83
6
3.08 24.32 71.31 19.36 73.11 35.82
7
10.38 25.16 81.68 20.09 82.98 23,09
8
13.07 26.63 94.7% 20.99 95.17 6.77
9
5.25 27.53 100.00 21.33 100 0.00
Total
100.00 21.33

Table A.44. Charging voltage experiments data footfontein coal from second stage Tribo-electtastast at
5.0 KV, 12.5 KV separating voltage & 2.5 m/sec air velpci

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
14.81 13.93 14.81 13.93 16.18 90.26
2
14.08 18.06 28.89 15.94 30.82 78,26
3
15.76 19.68 44.65 17.26 46.88 63,63
4
2.86 22.37 47.51 17.577 49.69 60.61
5
29.42 23.13 76.93 19.70 78.39 2849
6
3.55 24.47 80.4¢§ 19.91 81.79 24.39
7
6.80 25.19 87.2¢§ 20.32 88.24 16.31
8
9.24 26.92 96.52 20.95 96.81 4.57
9
3.48 27.81 100.00 21.19 100 0.00
Total
100.00 21.19
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Table A.45. Rotary charger speed experiments datiddornfontein coal from second stage Tribo-elestatic test

at2500 rpm, 12.5 KV separating voltage & 2.5 m/sec air velpci

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.44 10.62 2.44 10.6 2.80 98.83
2
475 13.45 7.19 12.4 8.08 95.95
3
453 15.94 11.72 13.8 12.97 92.68
4
24.15 18.86 35.87 17.2 38.13 7211
5
2.39 21.51 38.21 17.4 40.%4 69.[79
6
2.67 22.63 40.92 17.8 43.19 67.06
7
16.19 23.06 57.11 19.3 59.18 50.20
8
22.10 24.57 79.21 20.7 80.59 2567
9
20.79 27.33 100.00 22.1 100 0.p0
Total
100.00 22.14

Table A.46. Rotary charger speed experiments datidornfontein coal from second stage Tribo-elestiatic test

at3000 rpm, 12.5 KV separating voltage & 2.5 m/sec air velpci

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.16 11.11 3.16 11.11 3.59 98.38
2
5.84 14.22 9.04 13.18 9.98 94.54
3
497 15.02 13.97 13.80 15.37 91.09
4
23.14 18.43 37.11 16.69 39.46 71,39
5
2.99 21.90 40.1( 17.08 42.44 68.37
6
2.83 21.90 42.93 17.39 45.26 65.51
7
15.08 22.93 58.00 18.83 60.09 49,54
8
19.08 24.67 77.08 20.28 78.43 2779
9
22.92 26.25 100.00 21.65 100 0.p0
Total
100.00 21.65
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Table A.47. Rotary charger speed experiments datiddornfontein coal from second stage Tribo-elestatic test

at4000 rpm, 12.5 KV separating voltage & 2.5 m/sec air velpci

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.85 11.81 4.85 11.8L 5.51 97.43
2
7.03 15.23 11.89 13.883 13.19 92.63
3
6.11 15.37 18.0( 14.36 19.84 88.43
4
21.30 19.19 39.30 16.98 42.01 70/12
5
3.92 22.24 43.22 17.45 45.93 66.22
6
4.16 23.30 47.38 17.97 50.04 61.87
7
14.66 23.98 62.04 19.39 64.38 4613
8
18.90 25.79 80.94 20.88 82.44 2430
9
19.06 28.46 100.00 22.33 100 0.p0
Total
100.00 22.33

Table A.48. Rotary charger speed experiments datidornfontein coal from second stage Tribo-elestiatic test

at5000 rpm, 12.5 KV separating voltage & 2.5 m/sec air velpci

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.12 10.90 5.12 10.9D 5.84 97.45
2
7.35 14.21 12.47 12.85 13.91 92.68
3
6.39 15.08 18.86 13.61 20.86 88.p8
4
20.94 19.15 39.80 16.52 42.53 69.96
5
4.10 21.98 43.9( 17.08 46.63 65.84
6
3.75 22.09 47.64 17.43 50.37 62.06
7
15.01 24.60 62.66 19.15 64.86 4519
8
18.47 25.37 81.13 20.56 82.51 2379
9
18.87 27.60 100.00 21.99 100 0.p0
Total
100.00 21.89
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Table A.49. Feed rate experiments data for Koottigiorcoal from second stage Tribo-electrostatitde$2 g/min,

12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.44 10.62 2.44 10.6PR 2.79 98.82
2
475 13.45 7.19 12.4P 8.05 95.89
3
453 15.94 11.72 13.82 12.92 92.59
4
24.15 18.86 35.87 17.22 38.00 7176
5
2.39 21.51 38.21 17.48 40.40 69.41
6
2.67 22.63 40.92 17.82 43.04 66.65
7
16.19 23.06 57.11 19.30 58.97 4957
8
22.10 24.57 79.21 20.77 80.31 2473
9
20.79 26.00 100.00 21.86 100 0.p0
Total
100.00 21.86

Table A.50. Feed rate experiments data for Koorefarcoal from second stage Tribo-electrostatitae$7 g/min,

12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.19 11.11 4.19 11.11 4,70 97.78
2
7.95 13.94 12.14 12.96 13.36 92.47
3
5.57 15.44 17.71 13.74 19.32 88.36
4
27.43 18.91 45.14 16.88 47.43 63,55
5
3.90 20.71 49.04 17.19 51.35 59.69
6
2.83 22.04 51.87 17.45 54.14 56.[70
7
15.14 23.18 67.01 18.75 68.84 39,92
8
18.52 24.58 85.53 20.01 86.50 1815
9
14.47 26.22 100.00 20.91 100 0.p0
Total
100.00 20.91
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Table A.51. Feed rate experiments data for Kooneiarcoal from second stage Tribo-electrostatitae®3 g/min,

12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.84 11.28 3.84 11.2 4.31 97.94
2
7.26 14.39 11.1( 13.3 12.18 92.06
3
571 15.06 16.81 13.9 18.32 88.87
4
27.83 18.81 44.64 16.9 46.92 63.93
5
3.50 20.67, 48.14 17.2 50.43 60.49
6
2.78 22.01 50.92 17.4 53.18 5767
7
16.16 23.26 67.08 18.8 68.87 39.67
8
18.27 24.53 85.35 20.0 86.33 18.33
9
14.65 26.27 100.00 21.0 100 0.p0
Total
100.00 21.00Q

Table A.52. Air velocity experiments data for Kofumtein coal from second stage Tribo-electrostiast at2.5

m/seq 12.5 KV separating voltage & 0 KV charging vokag

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.44 10.62 2.44 10.6PR 2.80 98.83
2
4,75 13.45 7.19 12.4p 8.08 95.95
3
453 15.94 11.72 13.82 12.97 92.68
4
24.15 18.86 35.87 17.22 38.13 7211
5
2.39 21.51 38.21 17.48 40.%4 69.[79
6
2.67 22.63 40.92 17.82 43.19 67.06
7
16.19 23.06 57.11 19.30 59.18 50.20
8
22.10 24.57 79.21 20.7/7 80.59 2567
9
20.79 27.33 100.00 22.14 100 0.p0
Total
100.00 22.14
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Table A.53. Air velocity experiments data for Kofumtein coal from second stage Tribo-electrostast at3.1

m/seg 12.5 KV separating voltage & 0 KV charging vokag

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.13 13.05 3.13 13.0p 3.45 98.08
2
6.91 16.63 10.04 15.51 10.76 92.66
3
6.91 17.92 16.94 16.49 17.95 86.82
4
36.48 19.80 53.42 18.75 55.08 5276
5
3.10 21.37 56.52 18.90 58.18 4963
6
2.99 23.05 59.51 19.10 61.10 46.39
7
14.60 23.21 74.11 19.91 75.33 30.40
8
16.64 24.12 90.7% 20.68 91.35 11.48
9
9.25 26.31 100.00 21.21 100 0.00
Total
100.00 21.21

Table A.54. Air velocity experiments data for Kofumtein coal from second stage Tribo-electrostzst at3.7

m/seq 12.5 KV separating voltage & 0 KV charging vokag

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.81 14.51 3.81 14.51 4.12 97.87
2
7.67 17.98 11.44 16.83 12.09 90.81
3
7.54 18.66 19.02 17.56 19.86 84.112
4
39.75 19.85 58.78 19.11 60.21 46,59
5
3.18 22.32 61.96 19.277 63.34 43,21
6
3.01 22.90 64.97 19.44 66.28 39.04
7
13.89 23.41 78.86 20.14 79.75 2448
8
14.85 23.84 93.71 20.73 94.07 7.64
9
6.29 25.55 100.00 21.03 100 0.00
Total
100.00 21.03
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Table A.55. Charging voltage experiments data famomfontein coal from Single and Middling re-cycled

electrostatic test & KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
10.18 13.12 10.18 13.1 11.30 93,86
2
412 15.59 14.3( 13.8 15.74 90.90
3
29.29 19.41 43.59 17.5 45.90 64,73
4
15.58 23.17 59.17 19.0 61.19 4812
5
40.83 25.61 100.00 21.7 100.p0 0J/00
Total
100.00 21.73

Splitter distance: 0.6 cm from the negative eletdro

Table A.56. Charging voltage experiments data faoifontein coal from Single and Middling re-cycled

electrostatic test dt.5 KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
17.25 14.04 17.2% 14.0 18.95 88,86
2
7.32 17.99 24.57 15.2p 26.62 82.80
3
38.01 21.34 62.58 18.9 64.83 4551
4
11.20 24.86 73.78 19.8 75.58 3271
5
26.22 27.12 100.00 21.7 100.p0 0J/00
Total
100.00 21.75

Splitter distance: 0.6 cm from the negative eletdro
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Table A.57. Charging voltage experiments data famomfontein coal from Single and Middling re-cycled

electrostatic test & KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
19.02 14.24 19.01 14.2 20.80 87.45
2
6.26 16.58 25.2¢§ 14.8 27.46 82.64
3
21.78 19.78 47.06 17.1 49.74 62.68
4
13.47 23.59 60.53 18.5 62.86 47 96
5
39.47 26.22 100.00 21.5 100.p0 0J/00
Total
100.00 21.58

Splitter distance: 1.0 cm from the negative eletdro

Table A.58. Charging voltage experiments data faomfontein coal from Single and Middling re-cycled

electrostatic test dt.5 KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
28.24 15.42 28.24 15.4 30.41 7971
2
10.33 18.66 38.57 16.2 41.12 70/73
3
24.07 21.84 62.6% 18.4 65.07 4624
4
9.80 25.34 72.45 19.36 74.39 34.67
5
27.55 27.01 100.00 21.4 100.p0 0J/00
Total
100.00 21.47

Splitter distance: 1.0 cm from the negative elatgro
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Table A.59. Separating voltage experiments datait@th Townlands coal from second stage Tribo{ebtstatic

test atl0 KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.91 13.18 3.91 13.1 4.87 98.80
2
7.30 18.44 11.21 16.6 13.41 93.85
3
6.89 19.41 18.1( 17.6 21.37 89.44
4
38.11 26.49 56.21 23.6 61.56 5611
5
2.17 27.74 58.3§ 23.8 63.81 5412
6
2.50 31.09 60.8¢ 24.1 66.28 51.65
7
14.39 36.32 75.27 26.4 79.43 34,30
8
16.62 39.03 91.89 28.7 93.96 12,88
9
8.11 48.10 100.00 30.2 100 0.00
Total
100.00 30.29

Table A.60. Separating voltage experiments datait@th Townlands coal from second stage Tribo{etstatic

test atl2.5 KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.27 12.55 5.27 12.5b 6.712 97.89
2
7.79 17.29 13.04 15.38 16.11 93.61
3
7.23 18.72 20.24 16.5[7 24.67 89.80
4
32.67 25.65 52.9% 2217 60.08 62.63
5
2.64 30.49 55.59 22.57 62.76 60.06
6
3.06 32.87 58.64 23.10 65.75 56.86
7
13.21 37.20 71.86 25.70 77.85 4121
8
17.15 42.17 89.02 28.87 92.31 1818
9
10.98 52.00 100.00 31.4 100 0.p0
Total
100.00 31.41
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Table A.61. Separating voltage experiments datait@th Townlands coal from second stage Tribo{etstatic

test atl5 KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.86 13.46 5.86 13.4 7.21 97.84
2
9.36 17.21 15.22 15.7 18.23 91.92
3
8.26 18.35 23.44§ 16.6 27.82 86.82
4
33.29 25.82 56.76 22.0 62.94 57,87
5
2.91 27.08 59.67 22.2 65.95 55.p2
6
2.87 31.07 62.54 22.6 68.77 52.p2
7
13.75 36.49 76.29 25.1 81.19 3532
8
15.33 40.51]] 91.61 27.7 94.16 1441
9
8.39 51.01 100.00 29.6 100 0.00
Total
100.00 29.69

Table A.62. Separating voltage experiments dataif@th Townlands coal from second stage Tribo-tetestatic

test at20 KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.03 13.80 7.03 13.8D 8.63 96.74
2
10.47 17.85 17.50 16.2 20.88 90.47
3
9.07 18.18 26.56 16.89 31.44 84.93
4
29.79 25.07 56.35% 21.2 63.22 59,86
5
3.05 27.77 59.4( 21.56 66.36 57.02
6
3.22 31.09 62.62 22.04 69.52 53.66
7
12.58 36.81 75.20 2451 80.84 38,10
8
14.68 41.03 89.88 27.21 93.17 17,89
9
10.12 52.61 100.00 29.7 100 0.p0
Total
100.00 29.78
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Table A.63. Separating voltage experiments dathite@th Townlands coal from second stage Tribo{etstatic

test at22.5 KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.80 13.96 6.80 13.9p 8.36 96.83
2
9.48 17.30 16.2¢ 15.91 19.%5 91.36
3
8.92 17.73 25.21 16.56 30.04 86.08
4
27.35 24.20 52.56 20.53 59.65 64.00
5
3.07 27.72 55.63 20.93 62.81 61.16
6
4.09 29.85 59.72 21.54 66.91 57.08
7
11.84 36.11 71.56 23.95 77.72 42,82
8
16.30 39.77 87.86 26.88 91.73 21.20
9
12.14 52.32 100.00 29.97 100 0.p0
Total
100.00 29.97

Table A.64. Charging voltage experiments data fketh Townlands coal from second stage Tribo-etestitic test

at0 KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.27 12.55 5.27 12.5p 6.72 97.89
2
7.79 17.29 13.04 15.38 16.11 93.61
3
7.23 18.72 20.2¢§ 16.57 24.67 89.30
4
32.67 25.65 52.95 22.17 60.08 62,63
5
2.64 30.49 55.59 22.5[7 62.76 60.06
6
3.06 32.87 58.64 23.10 65.75 56.86
7
13.21 37.20 71.86 25.70 77.85 4121
8
17.15 42.17 89.02 28.87 92.31 18,18
9
10.98 52.00 100.00 31.41 100 0.p0
Total
100.00 31.41
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Table A.65. Charging voltage experiments data fketh Townlands coal from second stage Tribo-etestéitic test

at1.5 KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
10.26 13.65 10.26 13.65 12.60 95,29
2
13.60 19.16 23.86 16.79 28.25 86.52
3
11.29 21.27 35.15% 18.23 40.90 78.44
4
36.37 29.74 71.52 24.08 77.25 42 04
5
3.33 30.72 74.84 24.38 80.54 38.60
6
3.26 38.17 78.11 24.95 83.40 34.41
7
8.51 40.95 86.62 26.52 90.55 22.69
8
10.64 48.34 97.2% 28.91 98.37 5.839
9
2.75 58.29 100.00 29.72 100 0.00
Total
100.00 29.72

Table A.66. Charging voltage experiments data fketh Townlands coal from second stage Tribo-etestitic test

at1.5 KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
10.26 13.65 10.26 13.65 12.60 95,29
2
13.60 19.16 23.86 16.79 28.25 86.52
3
11.29 21.27 35.15% 18.23 40.90 78.44
4
36.37 29.74 71.52 24.08 77.25 42 04
5
3.33 30.72 74.84 24.38 80.54 38.60
6
3.26 38.17 78.11 24.95 83.40 3441
7
8.51 40.95 86.62 26.52 90.55 22.69
8
10.64 48.34 97.2% 28.91 98.37 5.839
9
2.75 58.29 100.00 29.72 100 0.00
Total
100.00 29.72
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Table A.67. Charging voltage experiments data fketh Townlands coal from second stage Tribo-etestéitic test

at2.5 KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
11.20 14.22 11.20 14.22 13.75 9472
2
14.38 19.32 25.57 17.09 30.35 85.50
3
12.07 22.92 37.64 18.96 43.66 76.33
4
1.69 26.64 39.33 19.29 45.44 74.83
5
35.52 31.25 74.8% 24.96 80.39 38,01
6
2.93 38.01 77.78 25.46 82.99 3481
7
5.96 40.42 83.773 26.52 88.07 26.32
8
11.20 47.39 94.93 28.98 96.50 8.[72
9
5.07 51.79 100.00 30.14 100 0.00
Total
100.00 30.14

Table A.68. Charging voltage experiments data fketh Townlands coal from second stage Tribo-etestitic test

at5.0 KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
16.47 15.36 16.47 15.36 19.82 91.47
2
16.30 20.91 32.78 18.12 38.16 79.98
3
15.44 24.93 48.22 20.30 54.64 67,01
4
3.04 30.02 51.24 20.88 57.67 63.94
5
29.10 34.28 80.36 25.73 84.86 30,32
6
2.85 39.51 83.21 26.20 87.31 26.62
7
8.52 48.22 91.72 28.25 93.58 12.68
8
5.84 42.18 97.56 29.08 98.38 4.89
9
2.44 53.34 100.00 29.67 100 0.00
Total
100.00 29.67
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Table A.69. Air velocity experiments data for LikeEownlands coal from second stage Tribo-electtiostest at

2.5 m/sec]12.5 KV separating voltage & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.26 12.22 5.26 12.2p 6.65 97.90
2
8.15 16.48 13.41 14.8]1 16.46 93.50
3
6.65 18.10 20.0¢6 15.90 24.30 89.67
4
29.85 24.22 49,91 20.88 56.88 65.92
5
2.72 25.84 52.63 21.13 59.79 63.62
6
3.11 30.56 55.74 21.66 62.90 60.51
7
13.67 35.31 69.41 24.35 75.64 44 [72
8
18.10 40.10 87.52 27.61 91.26 20,98
9
12.48 51.38 100.00 30.57 100 0.p0
Total
100.00 30.57

Table A.70. Air velocity experiments data for LikeEownlands coal from second stage Tribo-electtinstest at

3.1 m/sec]12.5 KV separating voltage & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.02 14.03 4.07 14.08 4.98 98.16
2
7.50 18.88 11.52 17.19 13.75 93.63
3
6.89 19.93 18.42 18.211 21.70 89.04
4
35.85 26.47 54.26 23.67 59.69 58.04
5
2.76 28.98 57.02 23.92 62.51 55.42
6
2.94 32.34 59.96 24.34 65.37 52.832
7
14.80 35.77 74.76 26.60 79.07 35,02
8
16.60 39.54 91.36 28.95 93.53 1357
9
8.64 48.07 100.00 30.60 100 0.00
Total
100.00 30.60
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Table A.71. Air velocity experiments data for LikeEownlands coal from second stage Tribo-electtiostest at

3.7 m/sec]12.5 KV separating voltage & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.86 15.55 3.86 15.5p 4.69 98.03
2
7.13 20.32 10.99 18.6¢4 12.85 93.p7
3
7.30 21.27 18.29 19.69 21.12 88.[17
4
38.82 27.50 57.11 25.00 61.60 53/12
5
2.68 29.76 59.79 25.21 64.30 50.50
6
2.88 31.91 62.67 25.5P2 67.12 47 49
7
15.46 36.27 78.13 27.65 81.28 29,08
8
15.24 38.25 93.37 29.38 94.81 9.94
9
6.63 45.63 100.00 30.466 100 0.00
Total
100.00 30.46

Table A.72. Air velocity experiments data for LikeEownlands coal from second stage Tribo-electtinstest at

4.2 m/sec]12.5 KV separating voltage & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.48 17.61 3.44 17.6[L 4.17 98.03
2
6.49 22.27 9.99 20.64 11.50 93.89
3
8.62 23.24 18.6( 21.85 21.12 86.96
4
35.92 28.47 54,52 26.21 58.44 5414
5
3.46 30.94 57.9¢§ 26.49 61.91 50.[70
6
4.60 32.46 62.5§ 26.93 66.42 4501
7
12.32 35.61 74.89 28.36 77.94 31.84
8
17.84 37.59 92.73 30.13 94.11 10,32
9
7.27 44.22 100.00 31.16 100 0.00
Total
100.00 31.16
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Table A.73. Rotary charger speed experiments dataiketh Townlands coal from second stage eletdtastest at

2500 rpm, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.27 12.55 5.27 12.5 6.72 97.89
2
7.79 17.29 13.04 15.3 16.11 93.61
3
7.23 18.72 20.2§ 16.5 24.67 89.30
4
32.67 25.65 52.95 22.1 60.08 62,63
5
2.64 30.49 55.59 22.5 62.76 60.06
6
3.06 32.87 58.64 23.1 65.75 56.86
7
13.21 37.20 71.86 25.7 77.85 4121
8
17.15 42.17 89.02 28.8 92.31 1818
9
10.98 52.00 100.00 31.4 100 0.p0
Total
100.00 31.41

Table A.74. Rotary charger speed experiments dataiketh Townlands coal from second stage eletdtastest at

3000 rpm, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.87 12.83 5.87 12.833 7.35 97.51
2
8.19 16.62 14.07 15.04 17.15 93.03
3
7.35 18.64 21.41 16.27 25.73 88.61
4
29.50 24.35 50.92 20.95 57.77 64,82
5
3.08 27.88 53.99 21.36 60.95 62.00
6
3.04 32.74 57.03 21.96 63.89 5871
7
13.72 34.74 70.7% 24.43 76.74 43,00
8
17.21 41.02 87.96 27.68 91.31 1972
9
12.04 49.69 100.00 30.3 100 0.p0
Total
100.00 30.33
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Table A.75. Rotary charger speed experiments dataiketh Townlands coal from second stage eletdtastest at

4000 rpm, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.34 13.06 7.34 13.0 9.29 96.93
2
9.04 17.54 16.39 15.5 20.13 91.86
3
7.37 18.36 23.7" 16.4 28.88 87.63
4
25.42 24.14 49.17 20.4 56.92 67.89
5
3.95 32.69 53.12 21.3 60.79 63.[76
6
12.46 34.88 65.59 23.9 72.60 49,84
7
4,02 36.95 69.61 24.6 76.29 4509
8
16.62 41.62 86.23 27.9 90.40 22,95
9
13.77 52.07 100.00 31.2 100 0.p0
Total
100.00 31.25

Table A.76. Feed rate experiments data for Liketlvillands coal from second stage electrostaticatel® g/min,

12.5 KV separating voltage & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.87 12.72 4.87 12.7p 6.08 97.94
2
9.24 17.52 14.11 15.86 16.98 92.66
3
7.10 18.52 21.22 16.76 25.26 88.[18
4
36.97 25.17 58.19 22.10 64.83 57.24
5
2.11 30.10 60.3( 22.38 66.94 55.13
6
1.91 32.41 62.21 22.69 68.78 53.07
7
16.42 35.80 78.63 25.43 83.86 3352
8
12.67 42.73 91.30 27.83 94.24 1552
9
8.70 53.67 100.00 30.08 100 0.00
Total
100.00 30.08
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Table A.77. Feed rate experiments data for Likedlvilands coal from second stage electrostaticatek® g/min,

12.5 KV separating voltage & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
472 11.95 4.7 11.96 6.11 98.P4
2
8.15 15.89 12.87 14.44 16.19 94.119
3
6.56 17.02 19.42 15.311 24.19 90.[70
4
2.70 26.26 22.12 16.65 27.11 88.49
5
31.34 29.37 53.46 24.11 59.66 5972
6
2.81 29.90 56.27 24.40 62.56 57.09
7
13.88 34.46 70.16 26.39 75.94 4214
8
18.14 40.68 88.30 29.32 91.76 19,06
9
11.70 52.13 100.00 31.99 100 0.p0
Total
100.00 31.99

Table A.78. Feed rate experiments data for Liketlvillands coal from second stage electrostaticate®h g/min,

12.5 KV separating voltage & 0 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
471 11.70 4.71 11.7D 6.16 98.80
2
7.98 15.34 12.7( 13.99 16.17 9453
3
6.40 17.07 19.1( 15.02 24.03 91.116
4
2.43 24.49 21.53 16.09 26.74 89.33
5
2.90 29.09 24.42 17.683 29.78 86.[73
6
30.81 32.24 55.24 25.78 60.69 56,12
7
13.94 35.24 69.18 27.69 74.05 4098
8
19.94 40.91 89.12 30.65 91.50 15.84
9
10.88 47.23 100.00 32.45 100 0.p0
Total
100.00 32.45
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Table A.79. Charging voltage experiments data fiketh Townlands coal from Single and Middling rected

electrostatic test & KV, 12.5KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
14.49 14.64 14.49 14.64 17.88 9311
2
571 16.31 20.2( 15.11 24.78 90.09
3
28.67 23.14 48.88 19.82 56.63 68.54
4
14.09 33.00 62.96 22.77 70.27 5345
5
37.04 44 .44 100.00 30.80 100.p0 0J/00
Total
100.00 30.80

Splitter distance: 0.6 cm from the negative eletdro

Table A.80. Charging voltage experiments data fiketh Townlands coal from Single and Middling rected

electrostatic test dt.5 KV, 12.5KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
22.05 15.72 22.0% 15.72 26.68 88,57
2
9.41 18.94 31.44 16.68 37.63 82.]70
3
30.16 26.57 61.63 21.52 69.43 56.28
4
9.79 37.43 71.42 23.70 78.22 44 20
5
28.58 46.92 100.00 30.34 100.p0 0J/00
Total
100.00 30.34

Splitter distance: 0.6 cm from the negative eletdro
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Table A.81. Charging voltage experiments data fiketh Townlands coal from Single and Middling rected

electrostatic test & KV, 12.5KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
18.69 15.02 18.69 15.02 22.92 90.86
2
7.74 18.06 26.43 15.91 32.07 86.30
3
29.33 25.41 55.76 20.91 63.64 62,02
4
11.35 36.23 67.11 23.50 74.08 4863
5
32.89 45.39 100.00 30.70 100.p0 0J/00
Total
100.00 30.70

Splitter distance: 1.0 cm from the negative eletdro

Table A.82. Charging voltage experiments data fiketh Townlands coal from Single and Middling rected

electrostatic test dt.5 KV, 12.5KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
30.11 17.00 30.11 17.00 35.88 8313
2
12.11 21.97 42.22 18.43 49.45 7436
3
27.50 30.63 69.72 23.24 76.84 4661
4
8.17 41.71 77.89 25.18 83.68 35.38
5
22.11 48.57 100.00 30.35 100.p0 0J/00
Total
100.00 30.35

Splitter distance: 1.0 cm from the negative eletdro
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Table A.83. Separating voltage experiments datdfajuba coal from second stage Trib-oelectrostatt atl0

KV, 0 KV charging voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.85 10.82 2.85 10.8p 3.61 98.96
2
5.84 16.41 8.69 14.58 10.55 95.[72
3
3.86 17.28 12.55 15.41 15.09 93.47
4
28.67 23.31 41.22 20.90 46.32 70.90
5
2.28 27.64 43.5( 21.26 48.66 68.[78
6
1.71 29.73 45.21 21.58 50.37 67.06
7
19.24 31.36 64.46 24.50 69.14 4668
8
17.47 34.96 81.93 26.73 85.29 26,05
9
18.07 42.69 100.00 29.41 100 0.p0
Total
100.00 29.61

Table A.84. Separating voltage experiments datdfajuba coal from second stage Tribo-electrostatt atl2.5

KV, 0 KV charging voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.00 11.53 5.0( 11.58 6.28 98.05
2
7.68 16.23 12.67 14.38 15.41 93.84
3
5.71 17.00 18.34 15.19 22.14 90.56
4
28.29 23.94 46.67 20.409 52.70 67.68
5
2.86 27.88 49.53 20.9p 55.63 64.98
6
2.16 29.01 51.69 21.26 57.80 62.87
7
14.41 32.33 66.09 23.67 71.65 4713
8
17.85 36.64 83.94 26.43 87.71 25,03
9
16.06 46.11 100.00 29.59 100 0.p0
Total
100.00 29.59
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Table A.85. Separating voltage experiments datdfajuba coal from second stage Tribo-electrostast atl5

KV, 0 KV charging voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.31 11.81 6.31 11.8L 7.92 97.50
2
9.08 16.61 15.39 14.64 18.71 92.43
3
6.12 17.62 21.51 15.49 25.89 88.80
4
25.81 24.08 47.32 20.17 53.78 67.92
5
2.94 26.34 50.26 20.53 56.86 65.32
6
2.66 29.72 52.92 21.00 59.53 62.66
7
14.93 32.86 67.8% 23.61 73.79 4618
8
16.38 38.15 84.23 26.44 88.22 25/18
9
15.77 47.52 100.00 29.76 100 0.p0
Total
100.00 29.76

Table A.86. Separating voltage experiments datdfajuba coal from second stage Tribo- electrostatt a0

KV, 0 KV charging voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.41 12.74 7.41 12.74 9.19 96.81
2
9.61 17.05 17.01 15.1)7 20.51 91.p8
3
6.81 17.36 23.83 15.80 28.51 87.29
4
22.24 23.68 46.06 19.60 52.62 69.52
5
4.02 25.78 50.04 20.10 56.86 66.02
6
3.17 28.71 53.24 20.6[1 60.07 62.95
7
14.30 32.62 67.5% 23.15 73.76 4720
8
15.38 37.31 82.93 25.78 87.46 27.83
9
17.07 48.30 100.00 29.62 100 0.p0
Total
100.00 29.62
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Table A.87. Charging voltage experiments data fajuda coal from second stage Tribo-electrostasicat) KV,

12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.88 11.40 3.89 11.4D 4.92 98.53
2
4.50 17.06 8.37 14.44 10.25 95.99
3
7.33 18.66 15.71 16.41 18.79 91.44
4
25.99 23.39 41.70 20.76 47.28 7126
5
2.92 28.41 44.62 21.26 50.27 68.51
6
2.45 28.48 47.07 21.64 52.78 66.[19
7
15.85 31.76 62.92 24.19 68.26 4948
8
19.17 35.81 82.08 26.90 85.87 26,69
9
17.92 44.88 100.00 30.12 100 0.p0
Total
100.00 30.12

Table A.88. Charging voltage experiments data fajuda coal from second stage Tribo-electrostaicatl.5

KV, 12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.37 11.29 4.37 11.2P 5.53 98.85
2
7.70 16.38 12.07 14.54 14.70 94.13
3
4.67 16.84 16.73 15.18 20.24 91.50
4
27.39 23.74 44,13 20.49 50.02 69,72
5
2.84 26.41 46.9¢ 20.856 53.00 67.R21
6
1.97 28.78 48.93 21.17 55.00 65.32
7
16.06 32.31 64.99 23.92 70.50 4794
8
18.56 36.45 83.55 26.71 87.82 2529
9
16.45 45.92 100.00 29.97 100 0.p0
Total
100.00 29.87
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Table A.89. Charging voltage experiments data fajuda coal from second stage Tribo-electrostasicat?.5

KV, 12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.84 11.67 4.84 11.6[7 6.09 98.11
2
7.40 16.60 12.24 14.65 14.88 93.98
3
5.08 17.13 17.32 15.38 20.89 91.06
4
27.85 23.67 45,17 20.49 51.17 68.96
5
2.64 26.89 47.81 20.84 53.92 66.58
6
2.11 29.39 49.92 21.20 56.04 64.50
7
17.36 32.43 67.27 24.10 72.75 4562
8
16.92 36.97 84.19 26.69 87.94 2464
9
15.81 46.47 100.00 29.491 100 0.p0
Total
100.00 29.81

Table A.90. Charging voltage experiments data fajuda coal from second stage Tribo-electrostasicats.0

KV, 12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
491 11.55 4.91 11.5p 6.18 98.10
2
7.65 16.37 12.56 14.49 15.29 93.89
3
5.42 17.31 17.9¢9 15.34 21.67 90.74
4
28.58 23.88 46.56 20.58 52.65 67,81
5
2.81 27.12 49.37 20.95 55.56 65.25
6
2.10 29.08 51.47 21.28 57.68 63.R0
7
16.59 33.12 68.06 24.17 73.48 4473
8
16.77 36.94 84.83 26.70 88.54 23.92
9
15.17 46.94 100.00 29.717 100 0.p0
Total
100.00 29.77
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Table A.91. Air velocity experiments data for Maguboal from second stage Tribo-electrostatic te$t3am/sec,

12.5KV separating voltage & 1.5 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
411 10.76 4.11 10.7p 5.21 98.50
2
6.32 15.60 10.44 13.69 12.79 95.17
3
478 16.19 15.21 14.48 18.47 92.65
4
19.94 21.64 35.16 18.54 40.66 7795
5
3.75 24.32 38.9( 19.10 44.68 7487
6
2.77 26.47 41.67 19.59 47.57 72.39
7
17.10 29.64 58.77 22.51 64.66 5524
8
18.36 33.78 77.13 25.19 81.91 3426
9
22.87 44.29 100.00 29.56 100 0.p0
Total
100.00 29.56

Table A.92. Air velocity experiments data for Maguboal from second stage Tribo-electrostatic te$t9am/sec,

12.5KV separating voltage & 1.5 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.05 10.92 4.05 10.9p 5.15 98.52
2
6.57 15.42 10.62 13.70 13.07 95.13
3
461 16.62 15.24 14.59 18.%5 92.66
4
25.06 23.22 40.29 19.96 45.99 73.08
5
2.36 24.58 42 .64 20.21 48.%2 71.14
6
2.46 27.43 45.11 20.6[1 51.07 68.88
7
16.31 30.99 61.43 23.36 67.12 51,95
8
19.62 35.35 81.05% 26.27 85.21 2872
9
18.95 45,27 100.00 29.97 100 0.p0
Total
100.00 29.87
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Table A.93. Air velocity experiments data for Maguboal from second stage Tribo-electrostatic te&tmm/sec,

12.5KV separating voltage & 1.5 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.25 12.21 3.25 12.211 4.04 98.65
2
6.61 17.18 9.86 15.54 11.79 94.178
3
5.28 17.64 15.143 16.27 17.94 91.62
4
29.07 24.77 44.20 21.86 48.90 67,10
5
2.97 27.38 47.17 22.21 51.95 64.33
6
2.38 28.42 49.54 22.51 54.36 62.03
7
18.22 32.32 67.76 25.14 71.82 4199
8
17.67 34.85 85.44 27.15 88.12 21,02
9
14.56 42.39 100.00 29.37 100 0.p0
Total
100.00 29.37

Table A.94. Feed rate experiments data for Majudzd from second stage Tribo-electrostatic tedt?aty/min, 12.5

KV separating voltage & 1.5 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4,62 11.09 4.67 11.0p 5.83 98.26
2
7.62 16.36 12.24 14.37 14.86 94.03
3
5.08 16.55 17.32 15.01 20.87 91.18
4
27.60 23.61 4492 20.29 50.76 69.07
5
2.32 25.68 47.23 20.56 53.21 67.06
6
2.25 28.63 49.4¢ 20.92 55.48 64.87
7
16.29 31.92 65.77 23.65 71.21 4723
8
18.02 36.42 83.79 26.39 87.45 2497
9
16.21 45.40 100.00 29.48 100 0.p0
Total
100.00 29.48
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Table A.95. Feed rate experiments data for Majudz from second stage Tribo-electrostatic tedt7aty/min, 12.5

KV separating voltage & 1.5 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.41 10.91 4.41 10.91L 5.58 98.88
2
7.69 16.04 12.1( 14.17 14.75 94.p1
3
4.25 16.29 16.34 14.72 19.81 91.88
4
27.00 23.17 43.34 19.98 49.28 70./76
5
3.26 24.23 46.61 20.28 52.79 68.[10
6
2.09 27.41 48.7( 20.59 54.95 66.[16
7
17.20 31.84 65.90 23.52 71.61 47 67
8
17.23 36.27 83.12 26.17 87.21 26,58
9
16.88 46.67| 100.00 29.63 100 0.p0
Total
100.00 29.63

Table A.96. Feed rate experiments data for Majudzd from second stage Tribo-electrostatic te@4at)/min, 12.5

KV separating voltage & 1.5 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.00 10.47 4.0d 10.4f7 5.07 98.58
2
7.25 15.24 11.24 13.54 13.77 94.82
3
3.90 15.32 15.15 14.00 18.45 92.[78
4
25.09 21.92 40.24 18.94 46.19 74,08
5
3.30 24.91 43.53 19.39 49.70 71.P8
6
2.17 25.35 45.7( 19.6[7 51.99 69.41
7
16.79 30.53 62.49 22.59 68.51 51,97
8
18.91 35.12 81.40 25.50 85.89 29,38
9
18.60 46.43 100.00 29.39 100 0.p0
Total
100.00 29.39

191



Table A.97. Rotary charger speed experiments datdfijuba coal from second stage Tribo-electrostedst at

2500 rpm, 12.5KV separating voltage & 1.5 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4,62 11.09 4.67 11.0P 5.83 98.P6
2
7.62 16.36 12.24 14.37 14.86 94.03
3
5.08 16.55 17.32 15.01 20.87 91.18
4
27.60 23.61 4492 20.29 50.76 69.07
5
2.32 25.68 47.23 20.56 53.21 67.06
6
2.25 28.63 49.44 20.92 55.48 64.87
7
16.29 31.92 65.77 23.65 71.21 4723
8
18.02 36.42 83.79 26.39 87.45 2497
9
16.21 45.40 100.00 29.48 100 0.p0
Total
100.00 29.48

Table A.98. Rotary charger speed experiments datdbjuba coal from second stage Tribo-electrostedst at

3000 rpm, 12.5KV separating voltage & 1.5 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.35 11.96 6.35 11.96 7.93 97.43
2
9.09 16.56 15.44 14.6[7 18.70 92.34
3
6.28 17.12 21.71 15.38 26.09 88.[71
4
27.09 24.76 48.80 20.59 55.03 66.02
5
3.18 26.40 51.9¢6 20.94 58.35 63.[18
6
2.44 29.70 54.42 21.33 60.78 60.[73
7
15.40 33.68 69.82 24.06 75.29 4319
8
15.12 37.72 84.95 26.49 88.66 23.90
9
15.05 46.93 100.00 29.57 100 0.p0
Total
100.00 29.57
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Table A.99. Rotary charger speed experiments datdfajuba coal from second stage Tribo-electrostedst at

4000 rpm, 12.5KV separating voltage & 1.5 KV charging voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
8.83 12.27 8.83 12.2)7 11.00 96.84
2
7.30 17.47 16.14 14.6Q2 19.%6 92.02
3
9.73 17.71 25.86 15.78 30.93 86.R0
4
22.81 24.95 48.67 20.08 55.24 66.96
5
3.84 27.57 52.51 20.63 59.19 63.38
6
3.32 29.68 55.83 21.17 62.50 60.04
7
14.23 33.51 70.06 23.67 75.94 4392
8
15.15 38.78 85.21 26.36 89.11 2406
9
14.79 48.12 100.00 29.58 100 0.p0
Total
100.00 29.58

Table A.100. Co-flow velocity experiments data kajuba coal from second stage Tribo-electrostast &t2.5

m/sec,12.5KV separating voltage & 1.9 m/sec inlet air velgcit

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.00 11.23 5.00 11.28 6.24 98.06
2
8.33 16.49 13.34 14.5p 16.03 93.830
3
5.95 18.22 19.2¢ 15.66 22.87 89.65
4
3.15 24.02 22.43 16.83 26.24 86.93
5
28.68 25.64 51.11 21.78 56.23 61.48
6
2.94 28.25 54.06 22.13 59.20 58.61
7
15.46 31.87 69.52 24.29 74.02 41,56
8
17.34 35.66 86.85 26.56 89.71 20/16
9
13.15 44.32 100.00 28.90 100 0.p0
Total
100.00 28.90
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Table A.101. Co-flow velocity experiments data fajuba coal from second stage Tribo-electrostatst 6t3.0

m/sec,12.5KV separating voltage & 1.9 m/sec inlet air velgcit

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.49 11.26 4.49 11.2p 5.67 98.80
2
8.18 16.67 12.67 14.75 15.37 93.[72
3
5.25 18.15 17.91 15.76 21.48 90.51
4
2.98 24.69 20.9( 17.08 24.68 88.04
5
29.89 25.44 50.79 21.98 56.40 6247
6
2.32 29.43 53.11 22.30 58.73 60.[18
7
16.67 32.94 69.78 24.84 74.64 4172
8
16.96 37.77 86.73 27.37 89.66 20/18
9
13.27 45,25 100.00 29.74 100 0.p0
Total
100.00 29.74

Table A.102. Co-flow velocity experiments data kajuba coal from second stage Tribo-electrostast &t3.5

m/sec,12.5KV separating voltage & 1.9 m/sec inlet air velgcit

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.42 11.72 3.42 11.7p 4.36 98.69
2
6.76 16.64 10.19 14.99 12.50 95.03
3
5.00 17.11 15.19 15.69 18.48 92.p5
4
2.57 24.90 17.76 17.0p 21.27 90.17
5
31.11 25.99 48.87 22.73 54.51 63,85
6
2.08 28.43 50.9"1 22.96 56.66 61.02
7
17.40 33.14 68.3% 25.55 73.45 43[16
8
17.56 38.42 85.91 28.18 89.06 21.20
9
14.09 46.21] 100.00 30.72 100 0.p0
Total
100.00 30.72
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Table A.103. Co-flow velocity experiments data fajuba coal from second stage Tribo-electrostatst at3.5

m/sec,12.5KV separating voltage & 1.9 m/sec inlet air velgcit

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.42 11.72 3.42 11.7p 4.36 98.69
2
6.76 16.64 10.19 14.99 12.50 95.03
3
5.00 17.11 15.19 15.69 18.48 92.p5
4
2.57 24.90 17.76 17.02 21.27 90.17
5
31.11 25.99 48.87 22.73 54.51 63,85
6
2.08 28.43 50.95 22.96 56.66 61.02
7
17.40 33.14 68.3% 25.55 73.45 43[16
8
17.56 38.42 85.91 28.18 89.06 21.20
9
14.09 46.21] 100.00 30.72 100 0.p0
Total
100.00 30.72

Table A.104. Separating voltage experiments datdfguba from Single and Middling re-cycled elestiatic test
at12.5 KV, 1.5 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
14.91 15.07| 14.91 15.07 18.07 92.49
2
4.83 16.31] 19.74 15.3/7 23.84 89.86
3
22.87 22.34 42.61 19.11 49.19 7279
4
15.83 31.25 58.44 22.40 64.71 56.26
5
41.56 40.51 100.00 29.93 100.p0 0)00
Total
100.00 29.93

Splitter distance: 0.6 cm from the negative eletdro
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Table A.105. Separating voltage experiments datdfguba from Single and Middling re-cycled elestiatic test

at15 KV, 1.5 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
16.82 15.27 16.81 15.2 20.29 91,36
2
5.39 16.11 22.21 15.4 26.73 88.45
3
21.07 22.00 43.2¢ 18.6 50.13 72,86
4
14.95 31.07 58.24 21.8 64.80 5725
5
41.76 40.78 100.0 29.7 100.p0 0J/00
Total
100.00 29.75

Splitter distance: 0.6 cm from the negative eletdro

Table A.106. Separating voltage experiments datdfguba from Single and Middling re-cycled elestiatic test

at20 KV, 1.5 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
17.53 15.58 17.53 15.5 21.13 90,89
2
6.10 16.82 23.63 15.9 28.38 87.46
3
18.83 22.12 42 .47 18.6 49.32 7356
4
13.29 30.15 55.76 21.4 62.58 60,18
5
44.24 40.76 100.00 29.9 100.p0 0J/00
Total
100.00 29.96

Splitter distance: 0.6 cm from the negative eletdro
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Table A.107. Separating voltage experiments datdfguba from Single and Middling re-cycled elestiatic test

at25 KV, 1.5 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
25.36 14.77 25.36 14.77 31.36 87.94
2
10.27 17.94 35.63 15.68 43.58 82,02
3
21.54 28.52 57.17 20.52 65.92 62.24
4
10.60 39.67 67.77 23.52 75.20 4871
5
32.23 46.96 100.00 31.97 100.p0 0J/00
Total
100.00 31.07

Splitter distance: 0.6 cm from the negative eletdro

Table A.108. Separating voltage experiments datdfguba from Single and Middling re-cycled elestiatic test

at12.5 KV, 1.5 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
22.96 16.14 22.96 16.14 27.45 87,58
2
7.83 18.96 30.79 16.86 36.49 82.61
3
28.39 27.92 59.19 22.16 65.67 56.05
4
11.77 36.12 70.9% 24.48 76.38 4181
5
29.05 42.96 100.00 29.85 100.p0 0J/00
Total
100.00 29.85

Splitter distance: 1.0 cm from the negative eletdro
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Table A.109. Separating voltage experiments datdtfguba from Single and Middling re-cycled elestiatic test

at15 KV, 1.5 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
24.21 16.09 24.2] 16.0 28.99 86.98
2
7.68 18.84 31.84 16.7 37.89 82.[15
3
26.10 27.52 57.94 21.6 64.88 58,14
4
11.32 36.00 69.3] 23.9 75.22 4453
5
30.69 43.42 100.0 29.9 100.p0 0J/00
Total
100.00 29.93

Splitter distance: 1.0 cm from the negative eletdro

Table A.110. Separating voltage experiments datdfguba from Single and Middling re-cycled elestiatic test

at20 KV, 1.5 KV charging voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
26.62 16.32 26.62 16.3 31.81 85.50
2
8.20 18.52 34.83 16.8 41.36 80.43
3
20.59 27.82 55.42 20.9 62.58 61,31
4
10.31 35.70 65.73 23.2 72.05 49,03
5
34.27 42 .87 100.00 29.9 100.p0 0J/00
Total
100.00 29.96

Splitter distance: 1.0 cm from the negative eletdro
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Table A.111. Splitter distance experiments dataKigpfontein coal from second stage Tribo-electabist test at
R=0.6, C=1.5, L= 2.7 cm]12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
24.29 24.46 24.29 24.46 28.11 82.88
2
16.62 30.18 40.91 26.78 45.88 6843
3
15.64 33.57 56.55% 28.66 61.79 5381
4
15.56 36.61 72.11 30.38 76.90 36.89
5
6.04 36.83 78.115 30.88 82.75 30.48
6
5.91 43.25 84.07 31.76 87.89 23.11
7
5.44 47.73 89.51 32.72 92.24 15.63
8
6.73 50.49 96.24 33.96 97.34 5.84
9
3.76 53.90 100.00 34.71 100 0.p0
Total
100.00 34.71

Table A.112. Splitter distance experiments dataKigpfontein coal from second stage Tribo-electabist test at
R=0.6, C=2.9, L= 1.3 cm]12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
26.28 25.31 26.28 25.31 30.18 80.96
2
19.69 32.61 45,98 28.44 50.58 62,59
3
19.58 35.07 65.56 30.42 70.12 4294
4
1.65 38.56 67.2( 30.62 71.68 41112
5
25.80 42.25 93.01 33.84 94.%58 9.93
6
2.55 45.84 95.54 34.16 96.70 6.59
7
1.62 47.84 97.14§ 34.39 98.00 4.86
8
2.22 53.97 99.4( 34.83 99.58 0.B3
9
0.60 54.03 100.00 34.95 100 0.p0
Total
100.00 34.95
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Table A.113. Splitter distance experiments dataKigpfontein coal from second stage Tribo-electabist test at
R=1.0, C=2.8, L= 1.0 cm12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
29.36 25.99 29.36 25.99 33.74 78,57
2
20.24 35.74 49.60 29.97 53.94 58,25
3
19.89 37.02 69.48 31.99 73.39 37,58
4
4.38 37.32 73.86 32.30 77.65 32.09
5
17.70 43.48 91.56 34.46 93.18 11,37
6
3.26 46.19 94.82 34.8/7 95.91 7.5
7
1.88 46.72 96.7( 35.10 97.46 4.68
8
3.30 50.47 100.00 35.60 100 0.00
Total
100.00 35.60

Table A.114. Splitter distance experiments dataKigpfontein coal from second stage Tribo-electabist test at
R=1.5, C=1.5, L= 1.8 cm]12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
55.51 27.47 55.51 27.47 61.24 55.50
2
15.95 37.59 71.4% 29.73 76.38 38.00
3
10.83 41.53 82.28 31.28 86.01 24,87
4
4.08 4277 86.34 31.82 89.56 19.78
5
6.05 47.27 92.41 32.83 94.41 11.44
6
3.34 48.54 95.74 33.38 97.03 6.0
7
1.49 50.37 97.24 33.64 98.15 4,62
8
1.92 54.67 99.11 34.06 99.47 1.46
9
0.85 59.00 100.00 34.26 100 0.p0
Total
100.00 34.26
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Table A.115. Charging voltage experiments dataigfontein coal from second stage Tribo-electréstéest at0
KV, 22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.42 15.77 6.42 15.77 8.58 97.27
2
6.90 19.60 13.31 17.76 17.38 93.61
3
10.08 23.76 23.39 20.34 29.58 87,14
4
21.54 27.57 44 .94 23.81 54.36 71,09
5
3.76 37.18 48.7( 24.84 58.11 67.31
6
12.56 38.96 61.26 27.73 70.28 54)10
7
16.80 46.82 78.06 31.84 84.46 32,84
8
478 47.21 82.83 32.78 88.46 26.[75
9
17.17 57.67 100.00 37.01 100 0.p0
Total
100.00 37.01

Table A.116. Charging voltage experiments dataKigsfontein coal from second stage Tribo-electrtstéest at

1.5 KV, 22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
15.47 19.60 15.47 19.60 19.25 91.43
2
15.38 25.53 30.85% 22.56 36.98 80.34
3
12.02 26.62 42.88 23.70 50.64 7129
4
4.50 35.52 47.37 24.82 55.13 66.[78
5
22.07 36.73 69.4% 28.60 76.75 43,87
6
5.33 43.85 74.7§ 29.69 81.38 37.p7
7
8.27 46.62 83.04 31.38 88.21 26.38
8
11.00 52.16 94.04 33.81 96.35 1017
9
5.96 60.45 100.00 35.39 100 0.p0
Total
100.00 35.39
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Table A.117. Charging voltage experiments dataKigsfontein coal from second stage Tribo-electrtstéest at

2.5 KV, 22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
16.20 20.91 16.20 20.91 20.03 90.60
2
14.07 27.11 30.27 23.79 36.06 80,01
3
13.60 27.94 43.87 25.08 51.38 69.47
4
4.95 37.47 48.82 26.33 56.21 64.32
5
20.75 37.63 69.57 29.70 76.45 4264
6
5.73 42.11 75.3( 30.65 81.63 35.95
7
7.95 48.09 83.24 32.31 88.08 25.33
8
10.78 51.86 94.03 34.55 96.20 9.82
9
5.97 59.24 100.00 36.03 100 0.p0
Total
100.00 36.03

Table A.118. Charging voltage experiments datakigsfontein coal from second stage Tribo-electrtstéest at

3.5 KV, 22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
21.53 23.03 21.53 23.03 25.68 86.01
2
14.49 29.12 36.03 25.48 41.59 7411
3
15.93 30.93 51.95 27.15 58.64 60,21
4
4.19 38.03 56.14 27.96 62.66 55.[72
5
19.15 39.41 75.29 30.87 80.63 34143
6
5.29 4453 80.59 31.7)7 85.18 27.78
7
6.67 45.30 87.24 32.81 90.84 19.p6
8
8.27 51.13 95.53 34.39 97.10 7.83
9
4.47 58.13 100.00 35.45 100 0.p0
Total
100.00 35.45
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Table A.119. Charging voltage experiments dataKkigsfontein coal from second stage Tribo-electrtstéest at

5.0 KV, 22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
22.19 25.72 22.19 25.72 25.59 83,97
2
17.73 30.90 39.91 28.02 44.61 68,58
3
15.84 32.17 55.75% 29.20 61.29 5426
4
16.89 39.23 72.64 31.53 77.22 35,65
5
4,75 39.52 77.39 32.02 81.68 30.37
6
4,95 43.26 82.34 32.70 86.04 24.36
7
6.05 45.35 88.39 33.56 91.18 16.65
8
7.46 49.13 95.84 34.717 97.07 6.85
9
4.15 54.49 100.00 35.59 100 0.p0
Total
100.00 35.59

Table A.120. Charging voltage experiments dataKkigsfontein coal from second stage Tribo-electrtstéest at

6.0 KV, 22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
28.25 26.57 28.2% 26.57 32.10 7877
2
16.59 32.72 44.84 28.85 49.86 63.42
3
16.97 34.09 61.81 30.29 66.67 4706
4
4.55 39.92 66.37 30.95 70.90 41.92
5
14.71 40.14 81.08 32.61 84.52 25,22
6
4.54 42.54 85.62 33.14 88.%6 1975
7
5.41 44,71 91.04 33.83 93.19 1291
8
5.80 48.92 96.83 34.73 97.77 4.89
9
3.17 54.55 100.00 35.36 100 0.p0
Total
100.00 35.36
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Table A.121. Charging voltage experiments dataKkigsfontein coal from second stage Tribo-electrtstéest at

7.5 KV, 22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
28.93 27.04 28.93 27.04 32.66 77.89
2
16.08 33.63 45,01 29.39 49.18 62.60
3
14.67 34.03 59.68 30.53 64.16 48,50
4
16.70 39.08 76.37 32.40 79.90 30,06
5
4.69 40.24 81.07 32.86 84.24 24.[72
6
453 42.71 85.6( 33.38 88.26 19.p5
7
5.28 44.34 90.8¢ 34.01 92.80 12.64
8
5.72 47.08 96.6( 34.79 97.49 5.03
9
3.40 52.28 100.00 35.38 100 0.p0
Total
100.00 35.38

Table A.122. Charging voltage experiments datakigsfontein coal from second stage Tribo-electrtstéest at

8.5 KV, 22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
30.87 27.70 30.87 27.70 34.46 7573
2
16.37 34.12 47.24 29.92 51.11 59,87
3
17.32 34.97 64.56 31.28 68.49 42 68
4
14.69 38.60 79.2% 32.64 82.42 26.58
5
4.83 40.41 84.0¢ 33.08 86.86 21.04
6
3.87 42.98 87.95 33.52 90.27 16.31
7
4.89 44 47 92.84 34.10 94.47 10.n4
8
4.34 47.84 97.1¢§ 34.71 97.96 4.p5
9
2.82 53.09 100.00 35.23 100 0.p0
Total
100.00 35.23
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Table A.123. Rotary charging speed experiments fdatilipfontein coal from second stage Tribo-elestatic test
at2500 rpm,22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.59 14.52 6.59 14.5p 8.69 97.28
2
6.33 19.41 12.92 16.91 16.%5 93.[78
3
10.16 19.80 23.08 18.19 29.12 88,05
4
24.94 27.60 48.02 23.07 56.95 68.46
5
3.30 31.64 51.32 23.62 60.43 65.49
6
2.41 36.54 53.73 24.20 62.78 62.09
7
14.26 39.51 67.98 27.41 76.08 4696
8
15.87 45.82 83.85 30.90 89.33 26.26
9
16.15 57.15 100.00 35.14 100 0.p0
Total
100.00 35.14

Table A.124. Rotary charging speed experiments fdatilipfontein coal from second stage Tribo-elestatic test
at3000 rpm,22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.42 15.77 6.42 15.77 8.51 97.23
2
6.90 19.00 13.31 17.44 17.30 93.63
3
10.08 21.00 23.39 18.98 29.84 87.83
4
21.54 26.57 44.94 22.62 54.74 7214
5
3.76 37.18 48.7( 23.74 58.46 68.30
6
12.56 38.96 61.26 26.86 70.53 54,89
7
16.80 46.82 78.06 31.16 84.59 33,832
8
478 47.21 82.83 32.08 88.56 27.14
9
17.17 57.67 100.00 36.47 100 0.p0
Total
100.00 36.47
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Table A.125. Rotary charging speed experiments fdatilipfontein coal from second stage Tribo-elestatic test
at4000 rpm,22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
8.37 15.70 8.37 15.7D 11.01 96.85
2
6.98 20.00 15.34 17.66 19.73 92.47
3
10.27 20.06 25.62 18.62 32.55 86.73
4
19.80 27.95 45.42 22.69 54.83 7134
5
4.46 34.00 49.84 23.70 59.43 67.[12
6
3.98 37.10 53.86 24.69 63.34 63.02
7
12.65 39.45 66.51 27.50 75.30 4914
8
15.47 46.04 81.98 31.00 88.33 29,33
9
18.02 58.53 100.00 35.96 100 0.p0
Total
100.00 35.96

Table A.126. Rotary charging speed experiments fdatilipfontein coal from second stage Tribo-elestatic test
at5000 rpm,22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
8.00 14.85 8.0( 14.86 10.71 96.74
2
7.16 19.41 15.14 17.00 19.79 92.92
3
9.46 19.72 24.62 18.05 31.73 87.80
4
17.63 27.97 42.2% 22.19 51.70 74.26
5
4.37 32.84 46.62 23.19 56.32 70.81
6
4.29 34.64 50.91 24.15 60.73 66.p4
7
12.38 41.00 63.29 27.45 72.22 52.29
8
16.23 44.64 79.52 30.96 86.35 3240
9
20.48 57.61 100.00 36.42 100 0.p0
Total
100.00 36.42
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Table A.127. Rotary charging speed experiments fdatilipfontein coal from second stage Tribo-elestatic test
at5000 rpm,22.5KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
8.00 14.85 8.00 14.8p 10.71 96.74
2
7.16 19.41 15.16 17.00 19.79 92.02
3
9.46 19.72 24.62 18.06 31.73 87.80
4
17.63 27.97 42.25% 22.19 51.70 7426
5
4.37 32.84 46.62 23.19 56.32 70.831
6
4.29 34.64 50.91 24.15 60.73 66.24
7
12.38 41.00 63.29 27.45 72.22 5229
8
16.23 44.64 79.52 30.96 86.35 3240
9
20.48 57.61 100.00 36.42 100 0.p0
Total
100.00 36.42

Table A.128. Separating voltage experiments dat&fipfontein coal from second stage Tribo-electabis test at
10 KV, 0KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
8.00 14.85 8.0( 14.8b 10.71 96.74
2
7.16 19.41 15.14 17.00 19.79 92.92
3
9.46 19.72 24.62 18.05 31.73 87.80
4
17.63 27.97 42.2% 22.19 51.70 74.26
5
4.37 32.84 46.62 23.19 56.32 70.81
6
4.29 34.64 50.91 24.15 60.73 66.p4
7
12.38 41.00 63.29 27.45 72.22 52.29
8
16.23 44.64 79.52 30.96 86.35 3240
9
20.48 57.61 100.00 36.42 100 0.p0
Total
100.00 36.42
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Table A.129. Separating voltage experiments dat&lipfontein coal from second stage Tribo-electatis test at
12.5 KV, 0KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.76 14.68 5.76 14.68 7.61 97.62
2
9.21 21.04 14.96 18.59 18.88 92.15
3
5.93 21.09 20.89 19.30 26.13 88.63
4
26.23 28.87 47.13 24.63 55.04 67.27
5
3.67 33.16 50.8( 25.24 58.84 63.84
6
2.92 35.96 53.72 25.83 61.75 60.87
7
15.13 40.43 68.86 29.04 75.71 4362
8
17.17 45.38 86.03 32.30 90.25 21.64
9
13.97 54.95 100.00 35.46 100 0.p0
Total
100.00 35.46

Table A.130. Separating voltage experiments dat&lipfontein coal from second stage Tribo-electatis test at
15 KV, 0KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.08 15.25 6.09 15.2b 7.99 97.89
2
9.03 19.17| 15.11 17.59 19.31 92.62
3
7.37 21.83 22.47 18.98 28.24 87.99
4
25.80 29.59 48.27 24.65 56.41 66.50
5
3.79 33.02 52.07 25.26 60.35 62.97
6
3.34 37.95 55.4( 26.08 63.56 59.41
7
13.71 40.35 69.12 28.87 76.25 43,83
8
16.84 46.01 85.96 32.23 90.35 22,01
9
14.04 55.69 100.00 35.52 100 0.p0
Total
100.00 35.52
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Table A.131. Separating voltage experiments dat&lipfontein coal from second stage Tribo-electatis test at
20 KV, 0KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.12 16.59 7.12 16.5p 9.14 96.63
2
10.32 19.43 17.4% 18.27 21.94 90.90
3
8.65 21.96 26.1( 19.49 32.33 85.47
4
23.02 28.01 49.12 23.48 57.84 67.06
5
4.07 32.20 53.19 24.15 62.08 63.32
6
411 37.02 57.29 25.07 66.06 58.98
7
11.55 39.67 68.84 27.52 76.79 4590
8
16.22 46.33 85.06 31.11 90.18 2444
9
14.94 57.29 100.00 35.02 100 0.p0
Total
100.00 35.02

Table A.132. Air velocity experiments data for Kbptein coal from second stage Tribo-electrosttdit at2.5

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.24 14.90 5.24 14.90 6.89 97.79
2
8.21 20.16 13.44 18.11 17.01 93.10
3
6.44 21.46 19.84 19.19 24.82 89.18
4
27.25 29.09 47.13 24.92 54.68 66.71
5
2.77 32.13 49.9( 25.3p 57.%8 64.19
6
2.92 34.67 52.82 25.88 60.%2 61.82
7
15.14 39.92 67.96 28.97 74.58 44,18
8
16.95 44.41 84.91 32.05 89.14 22.84
9
15.09 53.41 100.00 35.28 100 0.p0
Total
100.00 35.28
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Table A.133. Air velocity experiments data for Kbptein coal from second stage Tribo-electrostadit at3.1

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.64 16.53 4.64 16.5 6.00 97.83
2
7.38 22.93 12.02 20.4 14.80 93.06
3
7.23 24.86 19.24 22.1 23.21 87.98
4
33.51 31.69 52.76¢ 28.2 58.66 58,00
5
3.22 34.20 55.94 28.5 61.94 54.89
6
2.96 36.91 58.94 28.9 64.83 51.81
7
15.50 40.95 74.44 31.46 79.00 33,88
8
16.35 44.47 90.78 33.8 93.06 13,36
9
9.22 51.33 100.00 35.4 100 0.p0
Total
100.00 35.42

Table A.134. Air velocity experiments data for Kbptein coal from second stage Tribo-electrostadit at3.7

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.91 19.16 4.91] 19.1p 6.16 97.86
2
8.05 26.33 12.95 23.61 15.36 91.41
3
7.74 26.66 20.69 24.75 24.17 85.61
4
34.73 32.54 55.42 29.63 60.55 53.86
5
3.25 35.03 58.67 29.93 63.83 50.65
6
3.41 37.08 62.04 30.3P 67.16 47.10
7
14.49 41.25 76.58 32.39 80.38 30,30
8
15.30 43.92 91.88 34.31 93.70 1143
9
8.12 50.05 100.00 35.59 100 0.p0
Total
100.00 35.59
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Table A.135. Air velocity experiments data for Kbptein coal from second stage Tribo-electrosttdit at4.3

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.58 21.61 5.54 21.6(L 6.81 96.62
2
8.16 27.15 13.74 24.90 16.05 90.42
3
8.82 28.33 22.56 26.24 25.88 83.42
4
34.41 33.75 56.97 30.78 61.35 50.90
5
3.51 35.30 60.44 31.04 64.88 47 43
6
3.58 37.25 64.07 31.39 68.38 4370
7
14.21 41.36 78.27 33.20 81.33 2725
8
14.39 43.10 92.66 34.73 94.07 9.88
9
7.34 48.07 100.00 35.71 100 0.p0
Total
100.00 35.71

Table A.136. Feed rate experiments data for Klitgoncoal from second stage Tribo-electrostatit &e$2 g/min,
0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.24 14.90 5.24 14.90 6.89 97.79
2
8.21 20.16 13.44 18.11 17.01 93.10
3
6.44 21.46 19.84 19.19 24.82 89.18
4
27.25 29.09 47.13 24.92 54.68 66.71
5
2.77 32.13 49.9( 25.3p 57.%8 64.19
6
2.92 34.67 52.82 25.88 60.%2 61.82
7
15.14 39.92 67.96 28.97 74.58 44,18
8
16.95 44.41 84.91 32.05 89.14 22.84
9
15.09 53.41 100.00 35.28 100 0.p0
Total
100.00 35.28
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Table A.137. Feed rate experiments data for Klitgoncoal from second stage Tribo-electrostatit #e$8 g/min,
0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.35 13.22 4.35 13.2p 5.80 98.85
2
7.79 17.90 12.13 16.2p 15.62 94.36
3
5.31 20.59 17.45 17.56 22.09 91.p2
4
29.40 28.32 46.84 24.31 54.46 67,37
5
2.75 28.80 49.6( 24.56 57.47 65.09
6
2.30 36.07 51.9( 25.07 59.73 62.]71
7
16.35 38.15 68.2% 28.20 75.27 44,84
8
17.59 45.29 85.84 31.70 90.05 22,01
9
14.16 54.25 100.00 34.90 100 0.p0
Total
100.00 34.90

Table A.138. Feed rate experiments data for Klitgoncoal from second stage Tribo-electrostatit &6 g/min,
0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.72 12.62 3.72 12.6p 5.01 98.67
2
7.57 18.48 11.29 16.55 14.53 94.68
3
4.92 19.08, 16.21 17.32 20.66 92.01
4
28.72 27.60 44.93 23.89 52.72 69.46
5
2.92 31.44 47.84 24.35 55.80 66.85
6
2.33 33.89 50.17 24.79 58.18 64.61
7
15.74 38.65 65.91 28.10 73.06 47130
8
18.11 43.91 84.02 31.51 88.73 2467
9
15.98 54.25 100.00 35.14 100 0.p0
Total
100.00 35.14

212



Table A.139. Charging voltage experiments data Kdéipfontein coal from Single and Middling re-cycled
electrostatic test & KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
15.37 17.42 15.37 17.4 19.58 92.39
2
5.36 20.19 20.73 18.1 26.18 89.32
3
24.25 27.50 44 .98 23.1 53.31 70,36
4
15.52 37.82 60.51 26.9 68.20 5367
5
39.49 47.82 100.00 35.1 100.0p0 0J00
Total
100.00 35.19

Splitter distance: 0.6 cm from the negative elatgro

Table A.140. Charging voltage experiments data Kéipfontein coal from

electrostatic test dt.5 KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Single and Middling re-cycled

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
26.01 20.79 26.01 20.7 31.80 84,64
2
10.46 24.90 36.47 21.9 43.92 7724
3
25.81 33.65 62.28 26.8 70.35 5257
4
10.07 43.34 72.36 29.1] 79.16 4017
5
27.64 51.16 100.00 35.2 100.p0 0J/00
Total
100.00 35.21

Splitter distance: 0.6 cm from the negative eletdro
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Table A.141. Charging voltage experiments data Kéipfontein coal from Single and Middling re-cycled

electrostatic test & KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
20.85 19.46 20.8% 19.46 26.10 8862
2
8.03 23.86 28.8§ 20.68 35.61 83.p5
3
27.76 32.54 56.6% 26.49 64.72 57.92
4
12.42 42.08 69.07 29.30 75.91 4327
5
30.93 49.89 100.00 35.67 100.p0 0J/00
Total
100.00 35.67

Splitter distance: 1.0 cm from the negative eletdro

Table A.142. Charging voltage experiments data Kéipfontein coal from

electrostatic test dt.5 KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Single and Middling re-cycled

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
31.65 21.76 31.65 21.76 38.13 80.35
2
12.33 27.94 43.98 23.49 51.81 7052
3
26.41 38.05 70.40 28.95 77.01 41,85
4
8.07 47.08 78.47 30.82 83.58 31.p1
5
21.53 50.48 100.00 35.05 100.00 0J00
Total
100.00 35.05

Splitter distance: 1.0 cm from the negative elatgro
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Table A.143. Charging voltage experiments dat&Kfuutala No. 4 seam coal from second stage Tribotestatic
test atd KV, 12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.38 10.63 2.34 10.6 3.30 99.P9
2
4,79 17.47 7.16 15.2 9.45 96.95
3
4,22 18.55 11.39 16.4 14.80 94.[76
4
27.67 28.38 39.05% 24.9 45.63 7278
5
1.76 29.02 40.82 25.0 47.58 71.835
6
1.95 32.93 42.77 25.4 49.62 69.55
7
17.25 39.29 60.02 29.4 65.91 50,58
8
22.12 41.21 82.13 32.5 86.14 25,08
9
17.87 50.14 100.00 35.7 100 0.p0
Total
100.00 35.73

Table A.144. Charging voltage experiments datKioutala No. 4 seam coal from second stage Tribohedstatic
test atl.5 KV, 12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.35 12.66) 3.35 12.66 4.56 98.82
2
6.29 18.44 9.63 16.48 12.85 95.58
3
4.65 19.02 14.24 17.2/7 18.42 93.12
4
30.62 28.69 44.90 25.06 52.45 68.61
5
2.37 30.99 47.27 25.36 55.00 66.56
6
2.08 34.01 49.34 25.7P 57.14 64.59
7
15.75 40.73 65.10 29.35 71.69 46,69
8
20.77 44.24 85.87 32.95 89.74 21,06
9
14.13 53.42 100.00 35.84 100 0.p0
Total
100.00 35.84
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Table A.145. Charging voltage experiments datKioutala No. 4 seam coal from second stage Tribohedstatic
test a2.5 KV, 12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.46 10.76) 3.44 10.7 4.80 98.96
2
6.62 18.11] 10.04 15.5 13.25 95.61
3
5.24 18.88 15.32 16.7] 19.87 92.84
4
31.72 29.92 47.04 25.6 54.48 66.30
5
2.52 30.82 49.57 25.8 57.19 64.13
6
2.28 33.58 51.84 26.2 59.%5 61.99
7
15.51 41.81 67.3% 29.8 73.60 43,86
8
19.52 44,22 86.88 33.0 90.55 1973
9
13.12 53.76 100.00 35.7 100 0.p0
Total
100.00 35.77

Table A.146. Charging voltage experiments dateKitmutala No. 4 seam coal from second stage Tribotelstatic
test at5.0 KV, 12.5KV separating voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.80 11.30 3.80 11.3D 5.26 98.80
2
6.92 18.55 10.72 15.98 14.04 95.p2
3
5.22 18.73 15.94 16.88 20.65 92.49
4
31.36 29.39 47.30 25.1 55.16 66.78
5
2.47 31.84 49.7¢ 25.50 57.78 64.59
6
1.95 33.09 51.72 25.79 59.82 62.[78
7
14.96 41.74 66.68 29.3 73.40 4536
8
20.21 44 .90 86.89 32.9 90.76 20.04
9
13.11 54.78 100.00 35.8 100 0.p0
Total
100.00 35.84
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Table A.147. Separating voltage experiments dat&ffatala No. 4 seam coal from second stage Trlbotmstatic
test atl2.5 KV, 0 KV charging voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.38 10.63 2.34 10.683 3.30 99.P9
2
4,79 17.47 7.16 15.2D 9.45 96.95
3
4,22 18.55 11.39 16.44 14.80 94.[76
4
27.67 28.38 39.05% 24.90 45.63 7278
5
1.76 29.02 40.82 25.08 47.58 71.835
6
1.95 32.93 42.77 25.44 49.62 69.55
7
17.25 39.29 60.02 29.42 65.91 50,58
8
22.12 41.21 82.13 32.59 86.14 25,08
9
17.87 50.14 100.00 35.73 100 0.p0
Total
100.00 35.73

Table A.148. Separating voltage experiments dat&lfmtala No. 4 seam coal from second stage Trlbotmstatic

test atl5 KV, 0KV charging voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4,18 10.81 4.19 10.8L 5.83 98.75
2
7.15 17.15 11.34 14.8]1 15.10 95.34
3
5.25 17.78 16.5¢ 15.76 21.84 92.[76
4
25.29 27.28 41.87 22.71 50.60 7362
5
3.00 30.75 44 .87 23.26 53.85 71.06
6
2.34 32.75 47.21 23.72 56.30 68.94
7
15.21 40.25 62.41 27.75 70.51 51,96
8
20.58 44 .54 82.99 31.91 88.36 26,53
9
17.01 56.23 100.00 36.05 100 0.p0
Total
100.00 36.05
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Table A.149. Separating voltage experiments dat&ffatala No. 4 seam coal from second stage Trlbot@static

test at20 KV, 0KV charging voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.17 11.62 5.17 11.6p 7.11 98.82
2
5.70 16.90 10.86 14.39 14.47 95.63
3
7.26 17.38 18.12 15.59 23.81 92.10
4
21.79 25.95 39.91 21.24 48.92 76,28
5
3.19 29.99 43.1( 21.89 52.39 73.60
6
2.88 30.39 45.9¢ 22.42 55.52 71.15
7
14.22 38.97 60.20 26.33 69.02 55.66
8
20.40 43.73 80.60 30.73 86.88 30,70
9
19.40 56.56 100.00 35.75 100 0.p0
Total
100.00 35.75

Table A.150. Separating voltage experiments dataKfoutala No.

electrostatic test &5 KV, 0KV charging voltage & 1.9 m/sec air velocity

4 seam coal from second stage Tribo-

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.17 12.81 5.17 12.8[1 7.04 98.16
2
5.81 17.05 10.99 15.06 14.%7 95.41
3
6.74 17.27 17.71 15.90 23.28 92.118
4
19.08 25.16 36.79 20.70 45.60 78,86
5
3.47 30.34 40.2¢ 21.53 49.37 75.04
6
3.61 30.74 43.86 22.29 53.27 72.86
7
13.76 38.65 57.62 26.19 66.46 58,09
8
20.39 42.04 78.01 30.34 84.94 3429
9
21.99 56.17 100.00 36.02 100 0.p0
Total
100.00 36.02
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Table A.151. Rotary charger speed experiments ftat&Khutala No. 4 seam coal from second stage ¥ribo

electrostatic test &500 rpm,0 KV charging voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.38 10.63 2.34 10.683 3.30 99.P9
2
4,79 17.47 7.16 15.2D 9.45 96.95
3
4,22 18.55 11.39 16.44 14.80 94.[76
4
27.67 28.38 39.05% 24.90 45.63 7278
5
1.76 29.02 40.82 25.08 47.58 71.835
6
1.95 32.93 42.77 25.44 49.62 69.55
7
17.25 39.29 60.02 29.42 65.91 50,58
8
22.12 41.21 82.13 32.59 86.14 25,08
9
17.87 50.14 100.00 35.73 100 0.p0
Total
100.00 35.73

Table A.152. Rotary charger speed experiments ftat&Khutala No. 4 seam coal from second stage Fribo

electrostatic test &000 rpm,0 KV charging voltage & 1.9 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.34 10.98 4.34 10.98 6.01 98.67
2
7.43 18.22 11.76 15.56 15.46 94.89
3
5.82 18.71 17.5¢ 16.60 22.83 91.84
4
25.63 27.97 43.21 23.34 51.57 71.80
5
3.14 31.06 46.34 23.8/7 54.94 69.07
6
2.70 33.61 49.04 24.40 57.73 66.54
7
15.52 40.85 64.57 28.35 72.02 48,82
8
19.47 44,13 84.04 32.01 88.95 24,80
9
15.96 55.56 100.00 35.77 100 0.p0
Total
100.00 35.77
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Table A.153. Rotary charger speed experiments fiatd<hutala No.

electrostatic test &000 rpm,0 KV charging voltage & 1.9 m/sec air velocity

4 seam coal from second stage oFrib

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.56 11.38 5.56 11.38 7.65 98.22
2
7.68 17.96 13.24 15.20 17.43 94.34
3
6.55 18.53 19.8( 16.30 25.71 90.92
4
22.86 28.06 42.65 22.60 51.23 7289
5
3.86 31.03 46.52 23.30 55.36 69.51
6
2.91 32.17 49.43 23.82 58.43 66.88
7
15.15 40.43 64.58 27.72 72.43 4965
8
19.51 44 5] 84.09 31.62 89.23 2523
9
15.91 56.38 100.00 35.56 100 0.p0
Total
100.00 35.56

Table A.154. Air velocity experiments data for Kalat No. 4 seam coal from second stage Tribo-elgtettic test at
1.3 m/secP KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.43 11.48 3.43 11.4B8 4,11 98.90
2
5.85 17.25 9.24 15.1p 12.24 96.06
3
4.16 17.39 13.44 15.8P 17.%8 94.03
4
18.55 25.70 31.99 21.55 38.99 80.65
5
3.36 29.53 35.31 22.31 42.66 77.86
6
3.58 32.68 38.93 23.26 46.41 7468
7
13.90 36.74 52.83 26.81 60.06 60.25
8
22.43 39.91 75.26 30.71 81.00 35/11
9
24.74 50.56 100.00 35.62 100 0.p0
Total
100.00 35.62
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Table A.155. Air velocity experiments data for Kalat No. 4 seam coal from second stage Tribo-elgtettic test at
1.9 m/sec§ KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.02 11.45 4.07 11.4p 5.49 98.69
2
8.04 17.12 12.06 15.28 15.78 94.[78
3
6.09 17.94 18.16 16.14 23.50 91.67
4
28.31 26.90 46.47 22.70 55.44 70.04
5
3.45 29.34 49.92 23.15 59.20 67.[16
6
1.71 33.41 51.62 23.49 60.95 65.65
7
17.06 39.20 68.69 27.40 76.96 46,54
8
16.99 44.15 85.67 30.72 91.60 2524
9
14.33 62.00 100.00 35.20 100 0.p0
Total
100.00 35.20

Table A.156. Air velocity experiments data for Kalat No. 4 seam coal from second stage Tribo-elgtettic test at
2.5 m/secPQ KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.97 12.15 2.97 12.1p 4.08 98.99
2
6.70 17.69 9.64 15.99 12.69 95.69
3
5.56 18.37 15.24 16.86 19.76 92.85
4
28.48 27.75 43.72 23.95 51.87 70.84
5
2.55 30.16 46.24 24.30 54.65 68.[70
6
2.25 33.38 48.52 24.72 56.99 66.60
7
15.39 40.27 63.91 28.46 71.33 4935
8
21.02 44 .91 84.93 32.53 89.40 23,06
9
15.07 54.93 100.00 35.91 100 0.p0
Total
100.00 35.91
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Table A.157. Feed rate experiments data for Khutlla4 seam coal from second stage Tribo-electiodiest at
12.84 g/min,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.27 12.08 4.27 12.08 5.85 98.56
2
7.48 17.92 11.74 15.80 15.42 94.81
3
6.12 18.72 17.84 16.80 23.17 91.61
4
27.05 28.19 44,93 23.66 53.44 70,32
5
2.69 31.46 47.62 24.10 56.31 67.96
6
2.65 34.64 50.27 24.65 59.01 65.39
7
14.55 40.72 64.83 28.26 72.45 48,84
8
20.07 45,31 84.90 32.29 89.56 2345
9
15.10 55.61 100.00 35.91 100 0.p0
Total
100.00 35.81

Table A.158. Feed rate experiments data for Khutlla4 seam coal from second stage Tribo-electiodiest at
20.08 g/min,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4,18 10.81 4.14 10.8[L 5.83 98.75
2
7.15 17.15 11.34 14.8]1 15.10 95.34
3
5.25 17.78 16.5¢ 15.76 21.84 92.[76
4
25.29 27.28 41.87 22.71 50.60 73162
5
3.00 30.75 44 .87 23.25 53.85 71.06
6
2.34 32.75 47.21 23.72 56.30 68.94
7
15.21 40.25 62.41 27.75 70.51 51,96
8
20.58 44 .54 82.99 31.91 88.36 26,53
9
17.01 56.23 100.00 36.05 100 0.p0
Total
100.00 36.05
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Table A.159. Feed rate experiments data for Khutlla4 seam coal from second stage Tribo-electiodiest at
29.30 g/min,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.85 11.71 4.85 11.71 6.68 98.42
2
7.84 17.57 12.69 15.38 16.77 9458
3
5.72 18.22 18.41 16.283 24.07 91.69
4
26.31 27.18 4472 22.7 53.98 7179
5
2.61 33.37 47.33 23.26 56.69 69.37
6
2.75 29.98 50.0¢ 23.63 59.70 67.07
7
13.87 41.06 63.9% 27.41 72.46 5122
8
20.47 45,58 84.42 31.82 89.85 2525
9
15.58 58.25 100.00 35.93 100 0.p0
Total
100.00 35.93

Table A.160. Charging voltage experiments dataKfountala No. 4 seam coal from Single and Middlinecyeled
electrostatic test & KV, 12.5 KV separating voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
12.32 17.51 12.32 17.51 15.87 94,01
2
6.38 20.53 18.7( 18.5¢4 23.80 90.37
3
27.36 28.89 46.06 24.69 54.20 68.40
4
15.27 40.71 61.34 28.68 68.34 51/12
5
38.66 47.59 100.00 35.99 100.00 0J00
Total
100.00 35.99

Splitter distance: 0.6 cm from the negative eletdro
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Table A.161. Charging voltage experiments dataKfontala No. 4 seam coal from Single and Middlinecyeled
electrostatic test dt.5 KV, 12.5 KV separating voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
14.00 18.18 14.0( 18.1] 17.86 92,91
2
6.23 20.03 20.22 18.7 25.63 89.44
3
29.11 28.97 49,31 24.7 57.88 65.94
4
14.60 41.26 63.93 28.5 71.26 4916
5
36.07 48.92 100.0 35.8 100.0p0 0J00
Total
100.00 35.89

Splitter distance: 0.6 cm from the negative elatgro

Table A.162. Charging voltage experiments dataKfoutala No. 4 seam coal from Single and Middlinecyeled
electrostatic test & KV, 12.5 KV separating voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
22.21 18.42 22.21 18.4 28.20 88,56
2
9.51 22.61 31.72 19.68 39.65 82.64
3
22.93 33.92 54.6% 25.6 63.23 60.78
4
13.87 4474 68.51 29.5 75.15 4343
5
31.49 49.30 100.00 35.7 100.p0 0J/00
Total
100.00 35.75

Splitter distance: 1.0 cm from the negative eletdro
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Table A.163. Charging voltage experiments dataKfoutala No. 4 seam coal from Single and Middlinecyeled
electrostatic test dt.5 KV, 12.5 KV separating voltage & 1.9 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
23.12 18.50 23.12 18.5 29.63 88,25
2
7.79 25.53 30.91 20.2 38.75 82.[78
3
22.22 33.30 53.14 25.7 62.06 62.45
4
12.06 44,21 65.19 29.1 72.63 47,81
5
34.81 50.00 100.00 36.4 100.0p0 0J00
Total
100.00 36.40Q

Splitter distance: 1.0 cm from the negative elatdro

Table A.164. Charging voltage experiments dataPiolimaise coal from second stage Tribo-electrostast atO
KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.55 14.99 2.55 14.99 3.19 98.81
2
5.58 21.51 8.13 19.4f7 9.65 95.08
3
4.23 22.34 12.34 20.45 14.49 92.15
4
28.95 29.19 41.30 26.58 4471 65.89
5
2.27 29.76 43.57 26.74 47.07 63.[78
6
2.22 31.67 45.8( 26.98 49.31 61.59
7
16.52 35.37 62.32 29.20 65.05 4344
8
21.97 35.47 84.29 30.84 85.95 19.21
9
15.71 39.35 100.00 32.18 100 0.p0
Total
100.00 32.18
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Table A.165. Charging voltage experiments dataPf@maise coal from second stage Tribo-electrostatitatl.5
KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.56 16.86) 5.56 16.8b6 6.719 97.06
2
9.01 23.34 14.57 20.87 16.94 90.47
3
7.85 24.58 22.42 22.17 25.64 84.43
4
2.47 30.59 24.89 23.00 28.16 82.06
5
2.59 31.30 27.48 23.78 30.77 79.63
6
34.06 31.93 61.54 28.29 64.82 4547
7
17.15 36.90 78.68 30.17 80.72 25,65
8
12.43 37.09 91.11 31.11 92.20 1122
9
8.89 40.29 100.00 31.93 100 0.p0
Total
100.00 31.93

Table A.166. Charging voltage experiments dataPf@imaise coal from second stage Tribo-electrostatitat2.5
KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.90 18.27 6.90 18.27 8.30 96.07
2
10.24 24.91 17.13 22.24 19.61 88|11
3
8.46 25.21 25.6( 23.2P2 28.92 81.45
4
2.38 30.89 27.9§ 23.8/7 31.35 79.116
5
2.22 31.66 30.2( 24.45 33.58 76.07
6
34.63 32.94 64.83 28.98 67.76 4137
7
12.50 37.01 77.33 30.28 79.34 26.94
8
15.30 37.26 92.63 31.43 93.47 9.15
9
7.37 39.80 100.00 32.05 100 0.p0
Total
100.00 32.05
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Table A.167. Charging voltage experiments dataPf@maise coal from second stage Tribo-electrostatitat5.0
KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
10.12 20.45 10.12 20.45 11.84 93,64
2
11.73 26.42 21.84 23.66 24.54 83,87
3
11.89 27.52 33.73 25.02 37.22 73,66
4
2.63 31.94 36.36 25.5p 39.85 71.04
5
2.84 33.20 39.21 26.08 42.65 68.09
6
33.63 34.47 72.84 29.95 75.08 31,90
7
10.44 36.97 83.28 30.83 84.75 19.86
8
11.51 37.53 94.78 31.64 95.33 6.38
9
5.22 39.19 100.00 32.04 100 0.p0
Total
100.00 32.04

Table A.168. Separating voltage experiments datePfiimaise coal from second stage Tribo-electrizstast at
12.5 KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.00 14.60 3.04 14.6D 3.78 98.64
2
5.75 20.17 8.75 18.2p 10.54 95.04
3
4.42 21.36 13.17 19.30 15.67 92.10
4
2.41 26.91 15.5¢ 20.48 18.27 90.08
5
23.07 28.66 38.65 25.36 42.54 69,53
6
2.90 29.26 41.5¢ 25.63 45.57 66.89
7
15.19 34.60 56.75% 28.03 60.22 50,55
8
22.14 35.66 78.89 30.17 81.22 26,01
9
21.11 39.65 100.00 32.17 100 0.p0
Total
100.00 32.17
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Table A.169. Separating voltage experiments dat®&maise coal from second stage Tribo-electriastast atl5
KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.85 15.44 3.85 15.44 4,19 98.15
2
6.47 20.12 10.32 18.37 12.41 94.10
3
4.44 20.69 14.76 19.077 17.60 91.p4
4
21.18 28.43 35.94 24.59 39.94 7251
5
3.20 29.04 39.14 24.95 43.29 69.62
6
2.97 29.04 42.12 25.24 46.40 66.93
7
14.54 35.22 56.66 27.80 60.28 51.00
8
22.21 35.73 78.87 30.03 81.32 26,31
9
21.13 40.02 100.00 32.14 100 0.p0
Total
100.00 32.14

Table A.170. Separating voltage experiments dat@&maise coal from second stage Tribo-electriastast at20
KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
4.65 16.56 4.65 16.5p 5.71 97.60
2
7.46 20.59 12.11 19.04 14.44 92.82
3
5.80 21.09 17.91 19.71 21.19 89.01
4
3.24 28.25 21.115 21.01 24.61 86.[16
5
19.26 28.37 40.41 24.52 44 .93 69,15
6
4.10 29.46 44 51 24.98 49.19 65.39
7
12.27 35.30 56.78 27.21 60.88 51.90
8
20.76 36.01 77.54 29.56 80.45 28)63
9
22.46 40.93 100.00 32.12 100 0.p0
Total
100.00 32.12
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Table A.171. Separating voltage experiments dat®&maise coal from second stage Tribo-electriastast at25
KV, 0 KV charging voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.37 17.27 5.37 17.2)7 6.56 97.13
2
7.90 21.23 13.26 19.683 15.74 91.93
3
571 21.38 18.9¢ 20.16 22.37 88.[15
4
15.90 28.27 34.87 23.85 39.21 7422
5
5.24 29.10 40.11 24.54 44.69 69.49
6
3.95 29.25 44.07 24.96 48.82 65.01
7
10.36 35.26 54.43 26.92 58.73 5459
8
21.26 35.73 75.69 29.40 78.90 31.04
9
24.31 41.21 100.00 32.27 100 0.p0
Total
100.00 32.27

Table A.172. Air velocity experiments data for Palse coal from second stage Tribo-electrostaticaess5 m/sec,
0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.36 13.98 2.36 13.98 3.00 98.97
2
5.57 18.50 7.93 17.1p 9.69 95.77
3
3.36 20.31 11.3( 18.09 13.64 93.64
4
2.21 26.23 13.5( 19.4p 16.04 91.84
5
22.55 27.72 36.06 24.61 40.07 72140
6
2.42 29.14 38.44§ 24.90 42.60 70.R0
7
15.44 33.89 53.92 27.47 57.64 53,93
8
22.35 35.40 76.27 29.80 78.92 29,33
9
23.73 39.74 100.00 32.16 100 0.p0
Total
100.00 32.16
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Table A.173. Air velocity experiments data for Palse coal from second stage Tribo-electrostaticate®s 1 m/sec,
0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.19 15.86 2.19 15.8 2.71 98.92
2
5.11 20.99 7.30 19.4 8.66 95.58
3
5.02 22.63 12.32 20.7 14.38 92.03
4
28.19 28.87 40.51 26.4 43.90 66.67
5
2.33 29.50 42.83 26.5 46.31 64.63
6
3.45 30.70 46.28 26.8 49.83 61.P3
7
14.92 34.86 61.20 28.8 64.14 45,03
8
23.28 35.76 84.48 30.7 86.16 19,08
9
15.52 39.45 100.00 32.0 100 0.p0
Total
100.00 32.09

Table A.174. Air velocity experiments data for Palse coal from second stage Tribo-electrostaticae 7 m/sec,
0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.63 19.63 2.63 19.683 3.11 98.89
2
6.41 24.72 9.04 23.24 10.21 93.45
3
7.05 25.87 16.0¢ 24.39 17.90 87.[717
4
2.88 30.14 18.96 25.2[7 20.87 85.06
5
33.30 30.23 52.26 28.43 55.07 53)68
6
4.10 32.21 56.34 28.70 59.16 4966
7
14.62 35.04 70.99 30.01 73.15 33,59
8
18.93 36.03 89.91 31.28 90.97 12.33
9
10.09 39.20 100.00 32.08 100 0.p0
Total
100.00 32.08
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Table A.175. Air velocity experiments data for Palse coal from second stage Tribo-electrostaticates3 m/sec,
0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.44 22.29 3.44 22.2 3.95 97.63
2
7.75 26.79 11.19 25.4 12.33 91.p0
3
8.81 27.23 20.0( 26.2 21.80 83.[78
4
35.60 30.97 55.60 29.2 58.10 49 64
5
3.51 32.57 59.11 29.4 61.60 46 /11
6
4.24 32.64 63.31 29.6 65.82 41.82
7
13.40 36.01 76.7% 30.7 78.48 26,88
8
14.04 36.31 90.78 31.6 91.69 1111
9
9.22 38.94 100.00 32.3 100 0.p0
Total
100.00 32.30

Table A.176. Rotary charger speed experiments fdatdolmaise coal from second stage Tribo-elecitastest at
2500 rpm, 0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.36 13.98 2.36 13.98 3.00 98.97
2
5.57 18.50 7.93 17.1p 9.69 95.77
3
3.36 20.31 11.3( 18.09 13.64 93.64
4
2.21 26.23 13.5( 19.4p 16.04 91.84
5
22.55 27.72 36.06 24.61 40.07 72140
6
2.42 29.14 38.44§ 24.90 42.60 70.R0
7
15.44 33.89 53.92 27.47 57.64 53,93
8
22.35 35.40 76.27 29.80 78.92 29,33
9
23.73 39.74 100.00 32.16 100 0.p0
Total
100.00 32.16
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Table A.177. Rotary charger speed experiments fdatdolmaise coal from second stage Tribo-elecitastest at
3000 rpm, 0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.43 15.40 3.43 15.4 4.27 98.86
2
6.44 20.37 9.86 18.6 11.82 94.p8
3
411 20.83 13.99 19.2 16.62 91.61
4
22.01 27.86 35.99 24.5 40.02 7252
5
2.56 28.24 38.54 24.7 42.73 70.R6
6
2.75 29.25 41.31 25.0 45.60 67.[76
7
15.02 34.64 56.33 27.6 60.07 51,56
8
21.56 35.60 77.89 29.8 80.52 2767
9
22.11 40.20 100.00 32.1 100 0.p0
Total
100.00 32.13

Table A.178. Rotary charger speed experiments fdatdolmaise coal from second stage Tribo-elecatastest at
4000 rpm, 0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.09 15.27 5.09 15.27 6.37 97.59
2
6.72 20.58 11.82 18.29 14.24 93.p9
3
5.44 21.12 17.26 19.18 20.58 89.[72
4
1.51 28.03 18.76 19.89 22.18 88.41
5
20.88 28.50 39.65 24.43 44 .21 69.94
6
3.93 29.59 43.57 24.89 48.28 66.33
7
13.25 35.26 56.82 27.31 60.94 51.84
8
21.56 36.28 78.38 29.78 81.20 2756
9
21.62 41.07 100.00 32.22 100 0.p0
Total
100.00 32.22
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Table A.179. Separating voltage experiments data Holmaise coal from Single and Middling re-cycled

electrostatic test dt0 KV, 0 KV charging voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
10.52 19.71 10.52 19.7 12.47 93,57
2
4.58 22.18 15.1( 20.4 17.73 90.42
3
29.04 29.35 4414 26.3 48.01 63,99
4
14.69 35.42 58.83 28.5 62.01 47,86
5
41.17 37.49 100.00 32.2 100.p0 0J00
Total
100.00 32.25

Splitter distance: 0.6 cm from the negative elatgro

Table A.180. Separating voltage experiments data Holmaise coal from Single and Middling re-cycled

electrostatic test dt2.5 KV, 0 KV charging voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
11.86 19.57 11.86 19.5 14.10 92.83
2
4,99 21.91 16.84 20.26 19.86 89.45
3
28.31 29.65 45.1% 26.1 49.380 63,52
4
14.06 35.82 59.21 28.4 62.64 4796
5
40.79 38.05 100.00 32.3 100.0p0 0J00
Total
100.00 32.36

Splitter distance: 0.6 cm from the negative eletdro
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Table A.181. Separating voltage experiments data Holmaise coal from Single and Middling re-cycled

electrostatic test dt5 KV, 0 KV charging voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
13.06 19.87 13.06 19.8 15.50 92,01
2
5.48 21.44 18.54 20.3 21.87 88.39
3
24.24 29.11 42,78 25.3 47.32 66.66
4
12.38 35.88 55.16 27.6 59.07 52,98
5
44.84 38.36 100.00 324 100.0p0 0J00
Total
100.00 32.47

Splitter distance: 0.6 cm from the negative elatgro

Table A.182. Charging voltage experiments datéPfiimaise coal from Single and Middling re-cycledottostatic
test at0 KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
17.92 21.10 17.92 21.1 20.90 88.30
2
6.71 24.44 24.63 22.01 28.39 83.23
3
23.60 30.95 48.24 26.3 52.47 60,63
4
12.43 36.77 60.67 28.5 64.08 46.49
5
39.33 38.20 100.00 32.3 100.p0 0J/00
Total
100.00 32.32

Splitter distance: 1.0 cm from the negative elatgro
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Table A.183. Charging voltage experiments datéPfaimaise coal from Single and Middling re-cycledottostatic
test atl.5 KV, 12.5 KV separating voltage & 2.5 m/sec velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
25.14 22.70 25.14 22.7 28.67 82,29
2
9.76 26.79 34.9( 23.8 39.21 74.118
3
24.48 33.68 59.38 27.9 63.17 48,59
4
9.81 38.07 69.1§ 29.3 72.13 37.01
5
30.82 38.70 100.00 32.2 100.0p0 0J00
Total
100.00 32.23

Splitter distance: 1.0 cm from the negative elatdro

Table A.184. Air velocity experiments data for N&@al coal from second stage Tribo-electrostatit &<l.3

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.49 16.10 3.49 16.10 4.95 98.62
2
2.42 22.58 5.91 18.7p 8.11 97.28
3
471 23.77 10.62 20.98 14.16 9463
4
7.26 31.26 17.8¢ 25.15 22.58 88.06
5
4.56 34.27 22.43 27.00 27.63 85.13
6
5.80 34.09 28.23 28.46 34.08 80.28
7
8.29 38.68 36.52 30.78 42.66 72.40
8
23.13 41.45 59.65 34.92 65.51 48,87
9
40.35 49.34 100.00 40.74 100 0.p0
Total
100.00 40.74
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Table A.185. Air velocity experiments data for N&@al coal from second stage Tribo-electrostatit &d.9

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.09 15.80 3.09 15.8 4.37 98.80
2
3.45 21.91 6.53 19.0 8.90 96.93
3
4,79 24.10 11.32 21.1 15.01 94.09
4
11.69 31.55 23.01 26.4 28.47 84,99
5
3.92 34.31 26.93 27.5 32.80 81.67
6
411 34.46 31.04 28.5 37.32 78.118
7
11.86 40.11 42.90 31.7 49.27 66.45
8
21.92 42.36 64.81 35.3 70.51 4355
9
35.19 50.17 100.00 40.5 100 0.p0
Total
100.00 40.54

Table A.186. Air velocity experiments data for N&@al coal from second stage Tribo-electrostatit &®.5

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.33 16.60 2.33 16.6D 3.27 99.05
2
3.61 23.14 5.94 20.5)7 7.94 96.99
3
4.14 23.74 10.09 21.87 13.26 94,66
4
13.01 32.04 23.10 27.60 28.13 84.28
5
3.30 32.10 26.4( 28.16 31.90 81.67
6
3.38 35.35 29.77 28.98 35.%8 78.73
7
14.49 40.04 4426 32.60 50.19 6443
8
23.68 43.00 67.94 36.22 72.89 39.33
9
32.06 49.75 100.00 40.56 100 0.p0
Total
100.00 40.56
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Table A.187. Air velocity experiments data for N&@al coal from second stage Tribo-electrostatit 8.1

m/sec,0 KV charging voltage & 12.5 KV separating voltage

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
2.20 19.74 2.20 19.74 2.97 98.93
2
4.38 26.28 6.59 24.0P 8.40 96.09
3
3.91 26.36 10.49 24.94 13.24 93.65
4
17.00 33.85 27.48 30.45 32.15 79,36
5
3.55 36.66 31.04 31.16 35.94 76.[15
6
3.81 38.23 34.84 31.93 39.90 72.65
7
16.53 41.48 51.38 35.01 56.17 55.64
8
22.34 43.38 73.72 37.54 77.44 31,74
9
26.28 48.97| 100.00 40.55 100 0.p0
Total
100.00 40.55

Table A.188. Charging voltage experiments dataNlew Vaal coal from second stage Tribo-electrostitst at0
KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
0.94 20.45 0.94 20.4b 1.23 99.61
2
2.62 27.97 3.56 25.99 4.34 97.65
3
3.41 27.98 6.97 26.9p 8.39 95.p2
4
3.06 35.03 10.03 29.4p 11.67 92.49
5
20.23 35.91 30.26 33.76 33.03 7402
6
2.06 38.13 32.32 34.04 35.13 72.02
7
19.12 41.26 51.44 36.72 53.64 51,96
8
24.19 40.10 75.63 37.80 77.52 27.29
9
24.37 44.02 100.00 39.32 100 0.p0
Total
100.00 39.32

237



Table A.189. Charging voltage experiments dataNfew Vaal coal from second stage Tribo-electrostast atl.5
KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
3.45 23.78 3.45 23.78 4.35 97.93
2
8.65 31.59 12.1( 29.36 14.14 91.02
3
7.41 31.78 19.51 30.28 22.51 85.07
4
32.47 38.33 51.98 35.31 55.64 5361
5
4.15 39.22 56.14 35.60 59.82 49 49
6
3.40 40.45 59.54 35.88 63.17 46.01
7
16.85 43.96 76.38 37.66 78.79 2729
8
15.31 44 .41 91.69 38.79 92.87 1010
9
8.31 48.13 100.00 39.56 100 0.p0
Total
100.00 39.56

Table A.190. Charging voltage experiments datd\few Vaa
KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

| coal from second stage Tribo-electrostiatit at2.5

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
5.35 25.51 5.31 25.51 6.58 96.54
2
11.36 33.09 16.70 30.66 19.14 87.03
3
10.13 33.52 26.83 31.74 30.27 78142
4
36.05 39.70 62.88 36.30 66.18 4218
5
3.65 39.97 66.53 36.50 69.80 38.48
6
3.55 41.34 70.04 36.75 73.24 34.77
7
12.42 44.84 82.49 37.97 84.56 20,67
8
12.35 45.29 94.84 38.92 95.72 6.60
9
5.16 49.76 100.00 39.48 100 0.p0
Total
100.00 39.48
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Table A.191. Charging voltage experiments dataNfew Vaal coal from second stage Tribo-electrostast at5.0
KV, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
10.46 29.54 10.46 29.54 12.07 92,06
2
17.14 35.32 27.61 33.13 30.22 76.50
3
14.76 35.62 42.37 34.00 45.77 62.98
4
30.79 40.76 73.1% 36.84 75.63 30,73
5
478 40.97 77.94 37.10 80.25 25.[70
6
4.32 42.37 82.24 37.3/7 84.33 20.09
7
6.85 45 .45 89.11 37.99 90.44 12.99
8
9.65 46.09 98.74 38.79 98.96 1.66
9
1.24 48.86 100.00 38.91 100 0.p0
Total
100.00 38.91

Table A.192. Charge reverser experiments data éw Maal coal from second stage Tribo-electrostast at+2.5
KV charging voltage, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
20.56 28.18 20.56 28.18 24.70 85,61
2
12.11 31.68 32.66 29.48 38.54 76.07
3
24.54 41.17 57.20 34.49 62.70 50,97
4
11.26 47.77 68.46 36.68 72.%4 37.60
5
31.54 47.97 100.00 40.24 100.00 0J00
Total
100.00 40.24

Splitter distance: 0.6 cm from the negative eletdro
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Table A.193. Charge reverser experiments data &w Maal coal from second stage Tribo-electrostast at+1.5
KV charging voltage, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
17.55 24.92 17.5% 24.9 22.23 89.27
2
7.94 28.50 25.49 26.0 31.82 83.]72
3
20.09 38.52 4557 31.5 52.66 64,73
4
10.09 46.54 55.66 34.2 61.77 5321
5
44.34 48.91 100.00 40.7 100.0p0 0J00
Total
100.00 40.75

Splitter distance: 0.6 cm from the negative elatgro

Table A.194. Charge reverser experiments data éw Maal coal from second stage Tribo-electrostatt at0 KV
charging voltage,12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
10.71 22.83 10.71 22.8 14.06 94,07
2
3.54 25.13 14.24 23.40 18.%6 91.91
3
12.11 33.32 26.3% 27.9 32.30 8213
4
11.60 40.96 37.95 31.9 43.95 70.60
5
62.05 46.90 100.00 41.2 100.p0 0J/00
Total
100.00 41.22

Splitter distance: 0.6 cm from the negative eletdro
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Table A.195. Charge reverser experiments data &w Maal coal from second stage Tribo-electrostast at-1.5
KV charging voltage, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
6.80 23.03 6.80 23.0 8.87 96.18
2
3.10 29.71 9.91 25.1 12.57 93.p3
3
9.25 33.57 19.16 29.2 22.98 86.35
4
10.80 38.92 29.96 32.7 34.16 76.09
5
70.04 4452 100.00 40.9 100.0p0 0J00
Total
100.00 40.98

Splitter distance: 0.6 cm from the negative elatgro

Table A.196. Charge reverser experiments data éw Maal coal from second stage Tribo-electrostatt at-2.5
KV charging voltage, 12.5 KV separating voltage & 2.5 m/sec air velocity

Product Fractional Ash content Cumulative| Cumulative Combustible Ash
collected Yield (Wt) Weight % Ash content Recovery rejection %
% (%)
1
7.67 27.23 7.67 27.28 9.42 94.89
2
2.18 28.20 9.84 27.44 12.06 93.38
3
7.45 34.45 17.3( 30.46 20.32 87.09
4
9.91 38.22 27.2( 33.29 30.66 77.81
5
72.80 43.62 100.00 40.81 100.p0 0J/00
Total
100.00 40.81

Splitter distance: 0.6 cm from the negative eletdro
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Table A.197. Summary data fbrajuba coal at single stage Tribo-electrostatic test for ddfe splitter
distance at 1.5 KV charging voltade2.5 KV separating voltage & 2.5 m/sec air velocity

Splitter distance aingle
stage separation (cm)

Ash content

Cumulative
Ash content (%)

Combustible Recovery

R=0.6; C=1.5& L=2.7

30.01 14.67 16.27
R=1.0;C=15&L=2.3 30.00 16.24 27.16
Splitter distance aecond Cumulative

stage separation(cm)

Ash content

Ash content (%)

Combustible Recovery

R=0.6; C=1.5& L=2.7

30.01

11.10

5.83

R=1.0; C=1.5&L=2.3

30.00

13.26

11.18

Table A.198. Summary data fioorfontein coal at single stage Tribo-electrostatic test for ddfe splitter

distance at 0 KV charging voltagk?.5 KV separating voltage & 2.5 m/sec air velocity

Splitter distance aingle
stage separationcm)

Ash content

Cumulative
Ash content (%)

Combustible Recovery

R=0.6; C=1.5& L=2.7

30.01 13.12 11.30
R=1.0;C=1.5&L=23 30.00 14.24 20.83
Splitter distance aecond Cumulative

stage separationcm)

Ash content

Ash content (%)

Combustible Recovery

R=0.6; C=1.5& L=2.7

30.01

9.98

3.51

R=1.0; C=1.5&L=2.3

30.00

11.66

6.68
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APPENDIX B

Washability, Froth rate and Tribo-electrostatic Plots
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Figure B.1 Performance washability curve for c@ahples at relative density: 1.4 and 1.8
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Figure B.2 Combustible recovery/cumulative ash eunbtained using “froth flotation rate test” at 9gfon, 15

ppm and 1200 rpm.
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Figure B.3 Effect of charging voltage on Khutala. l8seam coal under second stage test at a cosptiter

distance, air velocity, feed rate and separatiritage
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Figure B.4 Effect of separating voltage on Khufdta 2 seam coal under second stage test at aacoisglitter

distance, air velocity, feed rate and chargingagst

245



100

80 -+

60 -+

Cumulative Yield %
B
)

Cumulative ash %

Figure B.5 Effect of air velocity on Khutala Nos&am coal under second stage test at a constatargfistance,
separating voltage, feed rate and charging voltage
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Figure B.6 Effect of feed rate on Khutala No. 2reemal under second stage test at a constaneslititance,
separating voltage, air velocity and charging \g#ta
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Figure B.7 Effect of rotary charger speed on Khutdb. 2 seam coal under second stage test at tanbaplitter
distance, separating voltage, air velocity and gingrvoltage
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Figure B.8 Effect of Co-flow velocity on Khutala N® seam coal under second stage test at a cosptitdr
distance, separating voltage, air velocity and gingrvoltage
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Figure B.9 Effect of separating voltage on singhel &wo stage test with Khutala No. 2 seam coal aprastant

charging voltage of 0 KV, air velocity of 1.9 m/sectary speed of 2500 rpm, and splitter distafRce0.6 cm
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Figure B.10 Effect of separating voltage on singhel two stage test with Khutala No. 2 seam coal ebnstant
charging voltage of 0 KV, air velocity of 1.9 m/sectary speed of 2500 rpm, and splitter distafRcel.0 cm
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Figure B.11 Effect of separating voltage on Kootédm coal under second stage test at a constattesplistance,

rotary charger speed, air velocity and chargingags
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Figure B.12 Effect of charging voltage on Koorfanteoal under second stage test at a constantesglistance,

rotary charger speed, air velocity and separatoihge
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Figure B.13 Effect of rotary charger speed on Kootéin coal under second stage test at a congihitters

distance, charging voltage, air velocity and sejpagavoltage
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Figure B.14 Effect of feed rate on Koorfontein coatler second stage test at a constant splittemndis, charging

voltage, air velocity and separating voltage

250



»

100 EcalliE
.'.'ir B g
o 80 7] T sl l g \ 0
£ 2. 5nv'sec 3.1 nv/sec B
% i \
= 60 - _ |
? ot 3.7 1M)/5€C =
> -
= i
] - AF
= 40 - gt
S
20 7 : ] =
N -
T M
(J 0 T . | T I I
10 12 14 16 18 20 22 24

Cumulative ash %

Figure B.15 Effect of air velocity on Koorfonteioa under second stage test at a constant splitiemce,

charging voltage, feed rate and separating voltage
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Figure B.16 Effect of charging voltage on single awo stage test with Koorfontein coal at a conistaparating

voltage of 12.5 KV, air velocity of 1.9 m/sec, mtapeed of 2500 rpm, and splitter distance: R ©th6
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Figure B.17 Effect of charging voltage on singla awo stage test with Koorfontein coal at a coristaparating
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Figure B.18 Effect of separating voltage on Lik&thwnlands coal under second stage test at a carsgtitter
distance, charging voltage, feed rate and air \tgioc
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Figure B.19 Effect of charging voltage on LikethWwirdands coal under second stage test at a corsgibiter
distance, separating voltage, feed rate and aocitgl

100 _ne
gk o
’l“
< 80 - *-25m/s @3 ]1m/s A
& codes 3.7mfs @ 4211/ gk .
= 60 - L
E ) . > L
?= S
5 40 -
=
E i
= e
o 20 - o wT i e
¢ Rk e
0 L T S
10 14 18 22 26 30 34

Cumulative ash %

Figure B.20 Effect of air velocity on Liketh Towmlds coal under second stage test at a constattesgistance,

separating voltage, feed rate and air velocity
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Figure B.21 Effect of rotary charger speed on Llikébwnlands coal under second stage test at assurstlitter

distance, separating voltage, feed rate and aicitgl
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Figure B.22 Effect of feed rate on Liketh Townlamdsl under second stage test at a constant splistance,

separating voltage, rotary charger speed and kicite
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Figure B.23 Effect of particle size on Liketh Towantls coal under second stage test at a constétersgistance,

separating voltage, rotary charger speed and kicite
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Figure B.24 Effect of charging voltage on singlel dwo stage test with Liketh Townlands cd¢al77) umat a
constant separating voltage of 12.5 KV, air velpoit 1.9 m/sec, rotary speed of 2500 rpm, andtspldistance: R

=0.6 cm
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Figure B.25 Effect of charging voltage on single &wo stage test with Liketh Townlands c¢if7 X 74) umat a
constant separating voltage of 12.5 KV, air velpoit 1.9 m/sec, rotary speed of 2500 rpm, andtspldistance: R
=0.6 cm

100

30 -

60 -

40

CumulativeYield %

0 T T T T T T T T T
12 16 20 24 28

]
-2

Cumulative ash %

Figure B.26 Effect of charging voltage on singleddawo stage test with Liketh Townlands coal at astant

separating voltage of 12.5 KV, air velocity of hi#sec, rotary speed of 2500 rpm, and splitter detaR =1.0 cm
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Figure B.27 Effect of separating voltage on Majabal under second stage test at a constant splittamnce,

charging voltage, feed rate and air velocity
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Figure B.28 Effect of charging voltage on Majubalaander second stage test at a constant splittiemnde,
separating voltage, feed rate and air velocity
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Figure B.29 Effect of rotary charger speed on Majabal under second stage test at a constanesplistance,

separating voltage, feed rate and charging voltage
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Figure B.30 Effect of air velocity on Majuba coalder second stage test at a constant splittemdistaeparating

voltage, feed rate and charging voltage.
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Figure B.31 Effect of feed rate on Majuba coal urgbzond stage test at a constant splitter dist@eparating

voltage, air velocity and charging voltage.
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Figure B.32 Effect of Co-flow on Majuba coal undercond stage test at a constant splitter distaeparating

voltage, air velocity and charging voltage.
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Figure B.33 Effect of separating voltage on singtal two stage test with Majuba coal at a constapasting

voltage of 12.5 KV, air velocity of 1.9 m/sec, mtapeed of 2500 rpm, and splitter distance: R ©th6
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Figure B.34 Effect of separating voltage on singlel two stage test with Majuba coal at a constaepamsting
voltage of 12.5 KV, air velocity of 1.9 m/sec, mtapeed of 2500 rpm, and splitter distance: R =in0
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Figure B.35. The effect of splitter distance oronery and grade of Klipfontein coal at constantrgheg voltage: 5
KV; separating voltage: 22.5 KV; and air veloci®y5 m/sec;
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Figure B.36. The effect of charging voltage on kexy and grade of Klipfontein coal at constant mptaharger
speed: 3000 rpm; separating voltage: 22.5 KV; eliosity: 2.5 m/sec; and separating voltage: 22.5 KV
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Figure B.37. The effect of rotary charger speedenovery and grade of Klipfontein coal at constsgparating
voltage: 22.5 KV; charging voltage: 0 KV; air veligc 2.5 m/sec; and separating voltage: 22.5 KV
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Figure B.38. The effect of separating voltage aovery and grade of Klipfontein coal at constargrging voltage:
0 KV; air velocity: 2.5 m/sec; rotary charger spe@@00; and separating voltage: 22.5 KV
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Figure B.39. The effect of air velocity on recovaryd grade of Klipfontein coal at constant chargiatjage: 0 KV;
air velocity: 2.5 m/sec; rotary charger speed: 2%0@ separating voltage: 12.5 KV
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Figure B.40. The effect of feed rate on recoverg grade of Klipfontein coal at constant chargindgtage: 0 KV;
air velocity: 2.5 m/sec; rotary charger speed: 2%0@ separating voltage: 12.5 KV
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Figure B.41. The effect of particle size on recgvand grade of Klipfontein coal at constant chagguoltage: O
KV; air velocity: 2.5 m/sec; rotary charger spe28i00; and separating voltage: 12.5 KV
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Figure B.42. Effect of charging voltage on singtel dwo stage test with Klipfontein coal at a constseparating

voltage of 12.5 KV, air velocity of 2.5 m/sec, mtapeed of 2500 rpm, and splitter distance: R =th6
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Figure B.43. Effect of charging voltage on singteldwo stage test with Klipfontein coal at a constseparating

voltage of 12.5 KV, air velocity of 2.5 m/sec, mtapeed of 2500 rpm, and splitter distance: R =0
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Figure B.44. The effect of charging voltage on kexyg and grade of Khutala No. 4 seam coal at cohsia
velocity: 1.9 m/sec; rotary charger speed: 2500; sparating voltage: 12.5 KV
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Figure B.45. The effect of separating voltage otovery and grade of Khutala No. 4 seam coal atteohsir
velocity: 1.9 m/sec; rotary charger speed: 2500; separating voltage: 12.5 KV
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Figure B.46. The effect of rotary charger speedemovery and grade of Khutala No. 4 seam coal astemt air
velocity: 1.9 m/sec; charging voltage: 0 KV; angamting voltage: 12.5 KV
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Figure B.47. The effect of air velocity on recovenyd grade of Khutala No. 4 seam coal at const#aty charger
speed: 2500 rpm; charging voltage: 0 KV; and sdjpeyaoltage: 12.5 KV
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Figure B.48. The effect of feed rate on recoverg grade of Khutala No. 4 seam coal at constantedocity: 1.9
m/sec; charging voltage: 0 KV; and separating gatd 2.5 KV
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Figure B.49. Effect of charging voltage on singted@awo stage test with Khutala No. 4 seam coal ebrestant

separating voltage of 12.5 KV, air velocity of hi#sec, rotary speed of 2500 rpm, and splitter de#taR =0.6 cm
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Figure B.50. Effect of charging voltage on singteldawo stage test with Khutala No. 4 seam coal ebrastant

separating voltage of 12.5 KV, air velocity of hi#sec, rotary speed of 2500 rpm, and splitter de#aR =1.0 cm
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Figure B.51. The effect of charging voltage on kexy and grade of Polmaise coal at constant rataayger speed:
2500 rpm; charging voltage: 0 KV; and separatinjage: 12.5 KV

100 f}'
llgiijj
;e 80 ) T e 12) I v EETEY O 15:[&‘1' ."g:ng-
= s
£ 60 | ~e-20Ky e 25Kv oA
@ .x"'.'-.‘.".‘."
= o
g 40 8,
=] |‘=.‘.‘>.'
g i
= ceagke? s
O 90 - v ey
2 b.
""".;:,?.'-"'w
‘.,‘..--‘ .
0 B T T T T T T T T
14 18 22 26 30 34

Cumulative ash %

Figure B.52. The effect of separating voltage otovery and grade of Polmaise coal at constantyatharger
speed: 2500 rpm; charging voltage: 0 KV; and sdpayaoltage: 12.5 KV
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Figure B.53. The effect of separating voltage otovery and grade of Polmaise coal at constantyatharger
speed: 2500 rpm; charging voltage: 0 KV; and sejpayaoltage: 12.5 KV
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Figure B.54. The effect of rotary charger speedamovery and grade of Polmaise coal at constaatyaharger
speed: 2500 rpm; charging voltage: 0 KV; and sejpayaoltage: 12.5 KV
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Figure B.55. Effect of separating voltage on singhel two stage test with Polmaise coal at a cohstaarging
voltage of 0 KV, air velocity of 1.9 m/sec, rotapeed of 2500 rpm, and splitter distance: R =0.6 cm
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Figure B.56. Effect of separating voltage on singhel two stage test with Polmaise coal at a cohstaarging
voltage of 0 KV, air velocity of 1.9 m/sec, rotapeed of 2500 rpm, and splitter distance: R =1.0 cm
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Figure B.57. The effect of charging voltage on kery and grade of New Vaal coal at constant rotdrgrger
speed: 2500 rpm; separating voltage: 12.5 KV; andedocity: 2.5 m/sec
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Figure B.58. The effect of air velocity on recovenyd grade of New Vaal coal at constant rotary géraspeed:
2500 rpm; separating voltage: 12.5 KV; and chargioitpge: 0 KV
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Figure B.59. The effect of charging voltage (chamgeersal) on recovery and grade of New Vaal cbaoastant

rotary charger speed: 2500 rpm; separating volthgds KV; and charging voltage: 0 KV; and splittistance: R

=0.6 cm
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