Chapter 6: Summary and Conclusions

The separation efficiency of a triboelectrostatic separation (TES) for fine wal cleaning
depends profoundy on the surface targes of the particles invalved. In genera, the larger the
difference between the darges of the particles to be separated, the higher the separation
efficiency. To design a highly efficient charger for the triboeledrostatic separator, an evaluation
of particle dharging properties and charging process parameters that affect the particle cdharge is
of significance It is, therefore, the objective of this work to study, bah experimentaly and
theoreticdly, the particle diarging medhanisms of coal and mineral matters (represented by
quartz and pyrite) in alaboratory-scde dharging system. The information oldained with the study
will be useful for improving the triboelectrification processand subsequently the design of a TES

unit. The major findings of this work may be summarized as foll ows:

1. A new pradicd charge-measuring device cdled “online tribocharge anayze” has been
developed incorporating the Faraday cage mechanism and the in-line static mixer
tribocharger. This device is equipped with a data aquisition system to achieve ahigh
degreeof accuracy. The alvantage of using an on-line tribocharge analyzer is that in-situ
charge measurement can be performed and a wide range of particle sizes can be studied.
With the gplicaion d this device the information onthe tribocharging medanisms of

coal, quartz, and pyrite samples has been oltained in an efficient way.

2. By using a Cu-Ni aloy in-line mixer charger, the results of the dharge measurements
showed that most of the @ma samples dudied becane pasitively charged during
triboeledrification, while the quartz and pyrite samples (representing mineral matters)
became negatively charged. This charge diff erence provides the basis of the TES process
However, duing the study some wa samples unexpededly reveded negative dharges.
This dtered charge pdarity may possbly be atributed to i) the unusua chemicd
compasition d the cal sample, ii) the inadvertent surfaceoxidation d the ma samples

and/or the dharging material, andiii) the ash content.
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3.

Six major operating parameters that may affed the particle darging mecdhanisms of the

coa, guartz, and pyrite samples in the Cu-Ni aloy in-line mixer charging system were
evaluated, bah individually and statisticaly. These included: i) air or gas velocity, ii)

particle feed rate, iii) particle size, iv) temperature, v) feed compasition a ash content,

and M) type of charging material. The results can be summarized as foll ows:

The magnitude of the dharge density (given in couomb per unit masg increases
with increasing air velocity at all particle sizes gudied.

For a given air velocity, the magnitude of the darge density deaeases with
increasing particle size.

The magnitude of the dharge density decreases with increasing particle feed rate.
Anincrease in temperature (from 20 to 60 C) has an effed on the dharge density
of the mal and quartz samples in such a way that the surface moisture be dried
away.

The pyrite sample becomes more nduwting with increasing temperature,
resulting in adeaeasein the dharge density.

The magnitude of the dharge density decreases with increasing ash content in feed
regardlessof particle feed rate.

Among the parameters dudied, air velocity and perticle feed rate produce the
largest impad onthe darge density.

Of the various parameters tested, particle size and air velocity are interacting with
eat aher most significantly. The finer the particle size is, the more significantly
the ar velocity affects the particle darge.

Both the pdarity and the magnitude of the particle darge can be dtered by
seleding construction materials with dfferent work functions. It is based on an
asumption that the triboeledrificaion medanisms of coa and mineral matters
are due to the transfer of eledrons and can be explained by means of the work
function: i.e., when two materials with dfferent work functions are brought in to
contad, the one with the higher work function will bemme negatively charged
while the one with the lower work function will 1ose dedrons and become
positively charged.
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4, The medhanisms of triboeledrification o coa and mineral matter were studied using in-
line mixer tribochargers constructed from meterials having different work functions. The
charge densities of the dean coa and relatively pure quartz (representing mineral matter)
samples were found to correlate with the work functions of the materials used for
fabricating the in-line mixer tribocharger. The relationships were fourd to fall in alinea
fashion for al samples gudied. These findings have substantiated the assumption for the
charge transfer mecdhanisms occurred in the studied system, in which the dedron transfer
has been presumed to be the dominant mechanism. The observation that the darges on
the samples after contact depend onthe work functions of the mntading metals indicaes
that the particle dharging by triboelectrificaion in this particular case is conclusively due
to the transfer of electrons, rather than the transfer of surface ions or mass
Thermodynamic equili brium hypothesis appears to be the theory that can satisfadorily
explain the particle dharging mechanisms of the wal and quartz samples in this charging
system. In this theory, eadh insulator is assumed to have its ‘Fermi level’ (Ep), which,
after contad, becomes coincident with the Fermi level of the metal (Ef). As the
experimental results srowed that the samples could be dharged negatively or paositively
depending whether the work function d the contading metal is gnal or large, the
insulators (i.e., the mal and quartz samples), therefore, must contain empty states that can
aacept eledrons from the metal, as well as full ones that can dorate dedrons. The energy
of bath kinds of eledron state must be dose to the Fermi energy of the metals. The linea
rel ationships between the darge densities of the samples dudied and the work functions
of contading metals also suggest that the dedron states in these samples may be
distributed over a wide range of energy, states below a certain energy, Eq*, being full and
those &owve empty. Although this result suggests that the wntad charge may be
determined by the difference in energy between the metal Fermi level (Ef) and some
energy level (Ep) charaderistic of the insulator, it shodd be pointed ou that a
dependence of the insulator charge on the metal work function daes not necessarily mean
that the dharge density is dedded by the relative position o these energy levels. In
addition, the dharging mechanism for the case of insulator-insulator triboeledrificaion
can adso be eplaned by the same basic mechanism as for meta-insulator
triboeledrification.
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5. The ‘effective’ work functions of the pre-cleaned mill-regjed coa sample (6.1% ash) from
alocd utility site and relatively pure quartz sample were estimated from the experimental
data. The intercept on the horizontal axis of a plot between the diarge density of the
insulator and the work function d the cntacting metal gives a value of the insulator
‘effedive’ work function (Eq*). By this estimation procedure, the experimental work
functions of the pre-cleaned uility coad and quartz sample were found to be
approximately 3.5-3.6 eV and 4.95eV, respedively. Both values are in reasonable
agreement with those reported in the literature. These findings confirm the posshili ty that
the dharge density of the sample may be predicted from the plot if the work function d
the mntading material is known. By the same token, the work function d the mntading
material may be gproximately estimated from the plot if the charge density of the

sampleis obtained with contading such material.

6. With the use of the results obtained from bath in-line mixer tribocharger and separator
tests, a new feeder/charger has been devised by means of a specialy designed impeller,
which is driven by air motor. An important charaderistic of this new design is that the
particlesin the feed stream are subjeded a strong agitation by impell er, creaing turbulent
condtion and signifying the interparticle dharging mechanisms in the darging system.
This new charger is, therefore, referred to as turbocharger. Five important parameters that
affect the darging medhanisms of the dean coa and quartz samples in turbocharger
were investigated by using a developed charge-measuring system. These included: i)
rotor-blade rotation spedd, ii) particle feed rate, iii) particle size, iv) type of charging
material, and V) ash content. The results may be summarized as foll ows:

» For agiven particle feed rate, the magnitude of the dharge density increases with
increasing rpm of the rotor blade & all particle sizes dudied.

* Anincrease in particle size increases the magnitude of the tharge density at a
given rotor-blade rotation speed.

* The magnitude of the dharge density decreases with increasing particle feel rate
at a given rpm of the rotor blade and at all particle sizes gudied, athough the
throughpu capadty of the TES unit equipped with this new turbocharger is
improved, dwe to a nonoccurrence of the problems associated with the use of the
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in-line mixer charger at high particle feel rate (i.e., clogging and/or insufficient
charging).

» For agiven sample, the magnitude of the dharge density obtained with the use of
the new turbocharger was lower than that obtained with the in-line mixer charger
a low particle feed rate. This finding suggests that the wall-particle tharging
mechanism plays more important role in triboeledrification at low feed rate,
whereas the interparticle dharging medanism is of significance d high feed rate.

» Of thetwo dfferent materials tested, Plexiglas seans a rather appropriate material
to construct the turbocharger than Cu-Ni al oy, due to ahigher charging efficiency
of the former.

» For the coa samples, the finding that the magnitude of the darge density
increases with increasing ash content may suggest that in this new turbocharger
the interparticle dharging mechanism plays more important role than the wall

particle dharging mecdhanism.



