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ABSTRACT 

Dry coal beneficiation has been examined by tribo-electrostatic method using Indian 
thermal coal sample from Ramagundam coal mines. The process of triboelectric coal/ash 
cleaning is carried out with a newly built cylindrical fluidised-bed tribocharger with internal 
baffles, all made up of copper metal. The charge transfer of coal maceral and mineral particles 
upon contacts with copper plate of tribocharger is measured. Separation of particles in an 
electrostatic separator according to the polarity of particle charge is discussed with respect to 
gas flow rate and residence time in fluidised-bed trobo-charger and the applied electric field.  

The coal and mineral particles charge with positive and negative polarities 
respectively. The magnitude of particles charge found to be relatively high illustrating greater 
efficiency of contact electrification in fluidised bed tribo-charger. The separation results with 
minus 300 μm size fraction of coal containing 43% ash showed that the ash content is reduced 
to 18% and 33% with an yield of about 30% and 67%, respectively. These results are 
comparable to the maximum separation efficiency curve of washability studies on this coal 
sample. Since the ash percentage of coal particles collected in the bins close to positive and 
negative electrodes are about 70% and 20%, a better yield with low ash content can be 
accomplished on recycling the material.  
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Introduction 
 

Coal is the single largest fossil energy source used world-wide and accounts for more 
than 60% of the total commercial energy consumed. Between 60-80% of this coal is used for 
electric power generation and most of which through a system of pulverised coal combustion 
(International Energy Outlook, 2005). The major portion of the coal used for such power 
generation is not clean enough to maintain the rigorous environmental standards required 
these days world over. The problem is the high sulphur content in coal used in most of the 
western countries or ash as is the case in countries like India. The sulphur exist both inorganic 
and organic forms and the SOX gas emissions lead to catastrophic environmental problems 
(Masuda et al., 1983). In the year 2005-06, the total production of coal in India was 344 
million tones where 261 million tones of coal were used for the generation of electric power. 
The coal fired plants in India were among the most polluting sources as indicated by 
environmentalists and pollution control agencies. Substantial portion of ash is liberated as it 
enters the boiler from the mill. Any attempt to reduce the amount of ash going from the mill 
to the boilers in the already existing units without much investment would improve the 
performance of power generation significantly and increase the life of the boilers.  

Recently, the literature on dry beneficiation methods for coals with specific reference 
to high-ash Indian coals has been summarised by us (Dwari and Rao, 2007). Tribo-
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electrostatic process is one of the key dry process techniques to separate the ash forming 
inorganic minerals from coal. Electrostatic separator with tribo-charging technique has great 
potential for coal preparation in fine sizes. There have been some investigations carried out in 
this direction but has not achieved commercial status in the coal beneficiation industry 
(Hower et al., 1997).  

 
Tribo electrostatic separation 

Tribo-electric separation involves charging of particles by contact or friction with 
other particles or with a third material, usually the walls of a container or pipe, followed by 
transport or free-fall through an electric field that deflects the particles according to the 
magnitude and sign of their charge. When two dissimilar particles are in contact or rub against 
each other, there is a transfer of electrons (charge) from the surface of one particle to the other 
until the energy of electrons in each material at the interface is equalised.  

When two metals of different work functions, 1Mφ  and 2Mφ  (eV), are brought into 
contact and then separated, the Fermi levels of the two metals coincide and a potential 
difference, Vc, is established across the interface. Harper (1951) suggested that they will 
exchange electrons by tunnelling so that thermodynamic equilibrium is maintained. The 
contact potential difference is given by: 
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The charge transfer Q  during the contact is: 
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where C is the capacitance between two adjacent bodies. The capacitance C is defined 

as
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permittivity of free space = 8.85 x 10-12 Fm-1. Then, the charge transfer Q  equals to 
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The surface charge density that can be generated during contact is 
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In general, there are three maceral classes of coal with several sub-classes. The 
predominant maceral is vitrinite formed by carbonization of cellulose. The other two general 
classes are liptinite, formed from noncellulose materials such as resins and seeds, and 
inertinite materialized from charred plant remains. In the late 1970 and early 1980’s, Inculet 
and co-workers (1982) were analysed maceral fractions of electrostatically beneficiated coal 
and found that different maceral types acquired different charge polarities. From petrographic 
analysis they found that a major portion of the vitrinite charged positively while inertinite 
charged negatively. Because of larger pores present in inertinite caused by the preservation of 
the original plant cell structure in this maceral type, they harbour negatively charged minerals 
not liberated by grinding. Several studies showed that clean coal generally charges positively 
and ash-forming minerals or high-ash coals charge negatively (Carta et al., 1976; Lockhart, 
1984; Alfano et al., 1988). Many researchers have been contributed to understand particle 
tribo-charging characteristics and the separation of ash forming minerals from coal macerals 
(Bouchillon and Steele 1992, Ban et al. 1993, Tennal et al. 1999, Ahmadi et al. 2000, Trigwell 
et al. 2003) 
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Mazumdar et al. (1995) suggested some relevant problems and felt the research needs 
on the electronic surface structure of coal and mineral particles, the effect of particle size 
distribution and the influence of surface contamination on tribo-charging and separation 
processes. They also outlined that several fundamental factors that influence the tribo-
charging and separation process are not yet fully understood and there are considerable 
uncertainties in the successful operation of tribo-electrostatic process and hence preventing its 
commercial implementation to date. 

Trigwell and Mazumder (2001) investigated the effects of surface composition on 
work function of materials by X-ray photoelectron spectroscopy and UV photoelectron 
spectroscopy in air and measured the work functions of copper, stainless steel, aluminium, 
nylon and polytetrafluorethylene. The studies showed that the work function varied 
considerably as a function of surface composition and the actual work functions of material 
surfaces differed from their expected values due to varied surface composition upon exposure 
to the environment. A slight change in environment and humidity changed the work function 
values leading to similar work function values for the coal macerals, pyrite, and copper, 
alternating between positive and negative, and inferring the possibility of bipolar charging 
over wide range. The polystyrene thought to be a good charging medium although questioned 
its tribo-charging efficiency due to soft nature of the surface and the charging surface is likely 
to get covered with a thin layer of fine coal powder.  

Based on the difference in the work functions of the contacting surfaces, an electrical 
imbalance between the two components develop and charge passes through the interface 
because of attaining charge equilibrium (Frass and Ralston, 1940; Zhou and Brown, 1988 ). 
Larger is the difference in work functions of contacting surfaces, greater will be the charge 
acquisition. Coal is a heterogeneous mixture of macerals and minerals with different work 
functions. If the difference between the mineral and maceral surface could be widened, there 
will be greater magnitude of charge acquisition on the particles and separation between 
maceral and mineral will be more efficient. The chemical pre-treatment of the raw material by 
regulating the ambient moisture by NH3 (Ralston, 1961) found to be beneficial for separation. 
Lawver (1958) improved potash separation by heat treatment. Zhou and Brown (1988) were 
reported the increase in the coal separation efficiency after chemical pre-treatment. Various 
inorganic and organic aliphatic, aromatic and hydrocarbon gaseous agents were used in dry 
nitrogen atmosphere in the fluidised-bed tribo-charging medium for the selective separation of 
the macerals. Turcaniova et al. (2004) studied the effect of microwave radiation on the tribo-
electrostatic separation of coal. Lowell and Brown (1988) suggested that polymers containing 
electronegative chemical groups (e.g. halogens) tend to charge negative, whereas polymers 
with electropositive groups (e.g. –OH) are generally charge positive. Wiles et al. (2004) 
investigated the effects of surface modification and moisture on the rates of charge transfer 
between metals and organic material.  

There are two key aspects, first selective charging and then separation in an efficiently 
designed tribo-electrostatic separator. Selection of tribo-charger material is important in view 
of obtaining opposing charge polarities of mineral and macerals that greatly influence for a 
successful and efficient separation. The traditional methods for frictional electrification of 
particles are vibrating feeder, rotating cylinder, flowing through chutes, pipe and nozzles. In 
recent years, cyclones and fluidized bed are used. The separators used by researchers with 
different ways of achieving tribo-electrification are shown in Figure 1.  

Soong et al. (2001) investigated the effect of different designs in the separation zone 
of the tribo-electrostatic separator on the beneficiation of Slovakian coals. They worked on 
conventional parallel electrode plates and two new types of electrode plates (i.e., louvered  
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Fig. 1. Electrostatic separators based on contact or tribo-electrification (Manouchehri et al. 
2000). 
 
plate and cylindrical concentric tube plate separators), and found that parallel plate separator 
is the best for coal separation. In the this paper, the results achieved on a high ash non-coking 
coal using a new fluidized-bed tribo-charger with internal baffles followed by a cyclone 
discharging system of the particles to the electric field are presented and discussed. 
 
Experimental 
 
Materials 

 
High ash non-coking coal sample from Ramagundam coal mines was used in the 

present tribo-electrostatic separation tests. The coal sample was ground, screened to –300 μm 
size fraction and portions of representative samples are prepared for separation tests. The 
washability characteristics and petrography analysis of this coal sample were presented in an 
earlier publication (Dwari and Rao, 2006). Since quartz, kaolinite and illite found to be the 
major mineral phases in the Ramagundam coal, the charge behaviour of these minerals in 
tribo-electrification was analysed. Pure quartz sample (SiO2 > 99%) was obtained from 
Meviour S.A., Greece and the kaolinite (kaolinite 92%, quartz 4%, illite 3% and feldspar 3%) 
and illite (75% illite and 15% kaolinite) samples were supplied by Phybiosis, USA.  
 
Tribo-electrification and charge measurement 

 
Tribo-electrification was carried out with individual mineral phases of quartz, 

kaolinite and illite in fluidized bed tribo-charger and the magnitude of charge acquisition by 
the mineral particles was measured by the Keithley electrometer. A 20 g of mineral particles 
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were fed into the fluidised bed tribo-charger. The tribo-charging was carried out by following 
the step 1 procedure described in the next section. Different flow rates of nitrogen gas in the 
range of 3500-5500 l h-1 for fluidization and fixed interval of residence time (1, 2 and 3 min) 
were used for tribo-electrification. After tribo-charging, the particles were allowed to 
transport through the cyclone to the Faraday cup and the particles charge polarity and 
magnitude were determined by the Keithley electrometer. 

 
Tribo-electrostatic separation test procedure 
 

The experimental set-up for tribo-electrostatic separation of ash forming minerals 
from coal maceral is shown in Figure 2. The whole test unit mainly consists of a fluidised bed 
tribo-charger with internal baffles system (FTB), cyclone discharging system, two copper 
plate electrodes enclosed in a rectangular Perspex box, high DC voltage supply source (VS), 
collecting bins in the form of Faraday cups, nitrogen gas cylinder and Keithley electrometer 
with 6532 scanner card. The fluidised bed tribo-charger was made-up of copper metal of 
cylindrical structure of 0.065 m diameter and 0.7 m length. The top and bottom openings of 
tribo-charger were closed with funnel shape head which ends are connected with a pipe of 
0.01 m diameter. The cylinder and funnel head was united with O-ring flange coupling. Filter 
cloths of 5 µm pore size were sandwiched between the flanges at top and bottom to give 
support to the fine coal particles inside the fluidised bed chamber. An internal baffle system 
also made up of copper was integrated at the centre of the cylinder for efficient contact of fine 
coal particles with metal. The length of the baffle system is 0.64 m and placed at a distance 
0.03 m from the top. The coal particles after tribo-charging were transported pneumatically 
through a pipe of diameter 0.01 m at a height 0.025 m from the base of tribo-charger and then 
through a cyclone to fall freely between the electrode plates. All the pipes and the cyclone 
were also made of copper. The length of cylindrical and conical sections of cyclone is 0.045 
and 0.48 m respectively. The cyclone and vertex finder diameters are 0.04 and 0.03 m 
respectively. The apex diameter of the cyclone is 0.006 m. The cylindrical and conical 
sections were connected by O-ring flange coupling and therefore can be easily dismantled for 
cleaning. 

The bottom conical end of fluidised bed tribo-charger is connected to the nitrogen gas 
cylinder. The volumetric gas flow rate of nitrogen through the pipe can be regulated by the 
rotameter (RM) and gate valve V3 connected between the nitrogen cylinder and fluidised bed 
tribo-charger. The flow rate through the top of fluidised bed and cyclone were regulated by 
using the solenoid valves V1 and V2 respectively. The flow rate through the vertex finder can 
be regulated by valve V4, however this valve is closed all the time during the period of 
operation.  

The rectangular Perspex box has the dimensions of 1 x 0.52 x 0.52 m. Two electrode 
copper plates A and B of length 0.84 m and breadth 0.43 m are fixed within the box. The 
electrode plates are connected in such a way that top and bottom gaps between them can be 
adjusted. In the present tests, the top and bottom gaps of electrodes were maintained at 0.095 
and 0.046 m respectively.  

The electrode A was connected to +ve supply source, while electrode B was connected 
to –ve supply source. The electrodes were charged with a high DC voltage power supply. 
There were six collecting bins in the form of Faraday cups below the electrode plates to 
collect the material after passing through the electric field and the polarity and charge 
magnitude of the particles collected in each bin can be measured. All the Faraday cups placed 
on the Teflon surface. The dimensions of outer shield of Faraday cup is 0.365 x 0.07 x 0.04 m 
while the dimension of inner shield is 0.345 x 0.05 x 0.03 m. All the Faraday cups are 
connected to the 6532 scanner card of Keithley electrometer. To ensure stable voltage 
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Fig.2. Schematic representation of experimental set-up for electrostatic separation of coal. 

 
measurements the capacitance of Faraday cups were increased by connecting a 1500 nF 
capacitor in series between the shields of Faraday cups. The capacitance of Faraday cups, i.e., 
bins 1 to 6, are 1.519, 1.591, 1.569, 1.54, 1.53, 1.563 nF, respectively. By following the 
standard protocols supplied by Keithley, the potential difference V was measured using 
Keithley electrometer. The charge Q acquired by the coal particles at different bins were 
calculated by knowing the capacitance C of Faraday cup and voltage V by using the equation 
Q = CV. 

In the present beneficiation tests, a coal sample of –300 µm size fraction was used. 
The D90 of the sample was 234 µm and the mean diameter of particles was 86 µm. A 25 g of 
coal sample was introduced from the top of the fluidized bed tribo-charger and then closed 
with top conical head sandwiched with a filter cloth. The test is a two step procedure. In the 
first step the valve V1 and V3 were opened while the valve V2 was closed so that gas will flow 
through the tribo-charger and the coal particles attain fluidization condition and get contact 
with wall and baffles of the tribo-charger. The mineral and maceral particles acquire opposite 
polarity based on their relative work functions with respect to copper. The minimum 
fluidization velocity calculated to fluidise a 100 µm and 250 µm particles was 0.01 and 0.06 
m s-1, respectively. Accordingly, in order to achieve turbulent fluidisation in the tribo-charger, 
volumetric flow rates of nitrogen of 3500, 4500 and 5500 l h-1 were used. A residence time 
period of 30, 60 and 90 s was maintained for tribo-charging. In the second stage the valve V1 
was closed while the valve V2 was opened and the charged particle were transported 
pneumatically to fall freely between the electrode plates through the cyclone by slowly 
increasing the velocity of nitrogen. The negatively charged particles were attracted by the 
positive electrode and the positively charged particles were attracted by the negative electrode 
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and based on their magnitude of charge polarity they are deflected and collected in bins 1 to 6. 
The samples collected in each bin were subjected to ash analysis by following the ASTM 
standard procedure. Tests were conducted at three different 10, 15 and 20 KV applied voltage. 
In order to understand the effect of applied electric field on the charged particles and the 
extent of particles collected in different bins, the size distribution of particles collected in each 
bin was analysed by Cilas particle size analyzer.  
 
Results and Discussion 
 
Effect of flow rate and residence time on tribo electrification of quartz, kaolinie and illite 
 

The effect of gas flow rate and residence time on charge acquisition by the ash 
forming inorganic particles in tribo-charger was initially studied. The results obtained after 
tribo-charging of the individual mineral phases of quartz, kaolinite and illite in fluidised bed 
tribo-charger with internal baffle system are shown in Figures 3, 4 and 5 respectively. Since 
quartz had higher work function, 5.4 eV (Kim et al. 1997) than copper, 4.38 eV (Inculet, 
1984), it accepts electrons from copper and becomes negatively charged and the results shown 
in Figure 3 are in good agreement with these reported work function values. The results also 
show that increasing the flow rate of nitrogen for fluidisation, the magnitude of charge 
acquisition increases. Similar effect of gas flow rate on charge acquisition was reported earlier 
by Nifiku et al. (1989). It can also be observed that with increasing tribo-charging time the 
magnitude of charge acquisition also increases. The increase in tribo-charging time allows all 
the particles to come in contact with copper tribo-charger and accordingly the particles 
acquired higher charge magnitude. Similarly, the results in Figures 4 and 5 reveal that 
kaolinite and illite also charged negatively upon contact with copper corroborating higher 
work functions of these minerals than copper. However, an increase in the gas flow rate for 
higher fluidisation intensity, the charge acquisition is decreased until 4500 l h-1 and then 
increases at 5500 l h-1. Since these mineral samples were very fine and in micron and sub-
micron size range, the aggregation and dispersion of the particles in the fluidised bed affected 
the charge magnitude. The increase in fluidization velocity imparts higher force and numerous 
contacts with metal surface resulting higher electron transfer in the case of quartz particles. 
The increase in tribo-charging time invariably increased the magnitude of particles charge at 
all the gas flow rates studied. This is obviously related to the time needed for all the particles 
to come in contact with the metal. The magnitude of charge acquisition observed to be 
relatively very high in comparison to our previous studies of contact electrification with 
cylindrical rotating drum (Dwari and Rao 2006). In the fluidised bed, the particles effectively 
come into contact with baffles and walls of the tribo-charger and therefore higher magnitude 
of charge acquisition. This significantly suggests that the fluidised bed tribo-charger with 
internal baffle system has a higher efficiency of tribo-electrification. 

 
Effect of voltage and tribo-charging time on particles charge 
 

The effect of applied voltage on the particles charge collected at different bins at three 
different tribo-charging times of 30, 60 and 90 s is shown in Figures 6, 7 and 8 respectively. 
The coal maceral and minerals are charged in the fluidized bed and passing through the 
cyclone based on their relative work functions. The particles entering into the electric field get 
deflected towards +ve or –ve electrode plate according to their charge polarity and magnitude, 
and fall in different bins in between the electrodes. As shown in the experimental set-up, bin 1 
is adjacent to +ve electrode plate while bin 6 is nearer to –ve electrode plate and accordingly 
the negatively and positively charged particles are expected to collect at bin 1 and bin 6  
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Fig.3. Effect of gas flow rate and tribo-
charging time on charge acquisition by 
quartz particle. 
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Fig.4. Effect of gas flow rate and tribo-
charging time on charge acquisition by 
kaolinite particle. 
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Fig.5. Effect of gas flow rate and tribo-
charging time on charge acquisition by 
illite particle 
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Fig.6. Effect of voltage on charge acquired 
by coal particles collected at diffrent bins 
at 30 s tribo-charging time. 
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respectively. However, the particles collected in all the bins are found to be positively charged 
with a very low magnitude in bin 1 and successively increasing in the bins towards –ve 
electrode. The +ve charge of particles in all the bins could be due to non-liberated particles or 
coating of fine coal maceral on mineral particles leading to an overall positive charge 
acquisition. It can be seen in Figure 6 that the particles collected in bin 6 have higher 
magnitude of positive charge and hence collected nearer to the –ve electrode plate while 
particles collected at bin 1 and 2 are either negative or lower magnitude of positive charge. It 
can also be observed that the magnitude of particles charge increasing from bin 1 to 6 
suggesting that carbon rich particles are collected in the bin close to the negative electrode. 
The magnitude of particles charge collected in bins 2 to 5 increases with increasing the 
applied voltage from 10 to 20 KV. With increasing applied voltage, the electrostatic force 
between the electrodes increases leading to increased deflection of charged particles towards 
positive and negative electrodes and therefore the particles collected in the bins are in a 
different distribution.. This explains the magnitude of charge alterations in the bins close to 
the electrodes with increasing the applied voltage.  

Figures 7 and 8 show the results of particles charge collected at different bins at 60 
and 90 s tribo-charging time respectively. The results display that highly positively charged 
particles collected at bin 6 which is bordering to the negative electrode and the charge of the 
particles increased in the bins from positive plate to negative plate. At 10 KV applied voltage, 
the particles collected close to +ve electrode (bins 1 and 2) and –ve electrode (bin 6) have 
lower and higher magnitude of charge than at 15 and 20 KV. It can also be seen from Figures 
6 to 8 that increasing tribo-charging time, the magnitude of particles charge increases at 10 
and 15 KV applied voltage. In the case of 20 KV applied voltage, the increase in tribo-
charging time increased the magnitude of particles charge in bins 1 and 6 that were adjacent 
to +ve and –ve electrodes.  
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Fig.7. Effect of voltage on charge acquired 
by coal particles collected at diffrent bins 
at 60 s tribo-charging time. 
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Fig.8. Effect of voltage on charge acquired 
by coal particles collected at diffrent bins 
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The effect applied voltage on the weight percentage of material and size distribution of 
particles collected at different bins at 60 s tribo-charging time is shown in Figure 9. A typical 
size distribution of particles collected at different bins at 10 KV applied voltage and at 30 s 
tribo-charging time is presented in Figure 10. It can be observed from Figure 9 that the weight 
percentage of particles collected at positive plate is higher than particles collected at other 
bins except bin 4 and 30 percent of total coal sample is stacked to the electrode plates. The 
percentage of particles collected at bin 4 decreased with increasing applied voltage. At higher 
voltage, the electrostatic force between the electrodes is greater which influence on the 
deflection of particles. Oppositely charged particles are dragged in opposite direction with 
increased force at higher applied voltage. It can also be seen from the figure that the mean 
particle size increasing from positive plate to bin 6. However, the mean particle diameter of 
particles adhered to –ve plate is lower. This is clear that finer particles are attracted more 
towards the plates and carbon rich particles having higher particle size and higher magnitude 
of positive charge are collected at bins 5 and 6.  
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Fig. 9. Effect applied voltage on the weight percentage of material collected and size 
distribution of particles collected at different bins at 60 s tribo-charging time. 
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Fig.10. Size distribution of particles collected at different bins and plates at 10 KV applied 
voltage and at 30 s tribo-charging time. 
 

 
Effect of voltage and tribo-charging time on coal beneficiation 
 

The proximate analysis of Ramagundam bulk coal shows that it contains 5.8% 
moisture, 23.5% volatile matter, 43.2% ash and 33.3% fixed carbon. The washability studies 
carried out with this coal reveal that 25 % ash clean coal can be achieved with 65% yield. A 
typical ash percentage of coal collected at different bins at 10 KV applied voltage and 60 s 
tribo-charging time is shown in Figure 11. The ash analysis of coal particles collected at 
plates and different bins suggests that it is possible to reduce the ash content of coal from 43% 
to 18% with the present system. The ash percentage of coal collected at positive and negative 
plates are 70 and 21.7% which illustrate that mineral particles are charged negatively and 
attracted towards positive plate whereas carbon rich particles are positively charged and 
collected at negative plate. It can also be observed that the ash percentage of coal collected at 
bin 6 is lower than the ash content of coal collected at negative plate. This could be due to 
coating of fine coal particles on the mineral surface which drag the minerals to the negative 
plate and thus higher ash content than the particles in bin 6. In order to understand the 
performance of electrostatic separation, cumulative recovery of combustible matter and 
cumulative yield as a function of cumulative ash of the coal particles collected from negative 
plate to positive plate were examined. The beneficiation results with ─300 µm fine coals with 
fluidised bed electrostatic separator at different tribo-charging times of 30, 60 and 90 s are 
shown in Figures 12, 13 and 14 respectively. The feed coal ash content can be read from these 
figures corresponding to 100% yield or 100% combustibles. Figure 13 shows that it is 
possible to achieve 33% ash clean coal from 43% ash coal with 67% yield at 10 KV applied 
voltage and at 60 s tribo-charging time. The total combustibles recovered equal to 80% at 
these test conditions. The increase in applied voltage does not improve the separation and in 
fact the separation is lesser at higher voltage than at 10 KV. The separation results are nearly 
the same at 15 and 20 KV applied voltage. At 10 KV applied voltage, the separation results 
are similar at 30 and 60 s tribo-charging time (Figures 12 and 13), although the particles 
acquired higher magnitude of charge at higher tribo-charging time. The optimum parameters 
for best separation appear to be 60 s tribo-charging time and 10 KV applied voltage.  
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Fig.11. Ash percentage of coal collected at 
different plates and bins at 10 KV applied 
voltage and 60 s tribo-charging time. 
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Fig.12. Effect of applied voltage on coal 
beneficiation at 30 s tribo-charging time. 
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Fig.13. Effect of applied voltage on coal 
beneficiation at 60 s tribo-charging time 
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Fig.14. Effect of applied voltage on coal 
beneficiation at 90 s tribo-charging time. 
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Conclusions 
 

High-ash thermal coal beneficiation was studied by using an electrostatic separation. 
The separation process involves tribo-electrification with a fluidised bed tribo-charger and 
separation with an electrostatic field. The following conclusions are derived: 
1. A new cylindrical fluidised bed tribo-charger with internal baffles system made-up of 
copper metal has been assembled for efficient tribo-electrification of particles. The unit 
consists of several collecting bins below the electrode plates of separator, which acts as 
Faraday cups and they are connected to Keithley electrometer through the scanner card. It is 
thus possible to measure the charge polarity and magnitude of particles collected in different 
bins.  
2. The build-up of charge on the ash-forming quartz, kaolinite and illite minerals in the 
present fluidised bed tribo-charger found to be greater when compared to other tribo-charging 
systems. The minerals acquired negative charge upon contacts with copper and the charge 
measurements of coal particles collected in the bins showed that the carbon rich particles are 
charged positively. 
3. The effect of gas flow rate and residence time of fluidisation and applied voltage showed 
that these parameters have strong dependence on particles charging and therefore on coal 
beneficiation. The increase in gas flow rate and residence time increases the magnitude of 
charge acquisition by the particles. The optimum conditions for coal separation found to be 60 
s tribo-charging time at a gas flow rate enough for particles fluidisation and 10 KV applied 
voltage. 
4. At the optimum conditions, the minus 300 µm size coal sample containing 43% ash is 
reduced to 18% ash with about 30% yield. A high yield of 67% can also be obtained but with 
a moderately reduced 33% ash. In this case, the combustible recovery found to be nearly 80%.  
5. Since the coal particles collected in the bins adjacent to +ve and –ve electrodes contain 
70% and 20% ash, a better separation results can be accomplished by recycling the material. 
Thus, the electrostatic separation with fluidised bed tribo-charging system realised to be a 
potential technique for non-coking coal beneficiation. 
6. It is possible to treat the fine coal material with the vapours of acidic and/or basic organic 
solvents in the fluidised bed tribo-charger for altering the surface energetic structure of 
particles and thereby enlarging the work function difference between the contacting surfaces 
for efficient tribo-electrification and separation. The results of these studies will be presented 
in a future publication.  
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