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SYNQPSIS

In South Africa, ever increasing quantities of fine (-0,5
mm) coal are being produced as a result of the increased use
of mechanised mining methods. Very few mines beneficiate
the fines; in mosl cases they are discarded. However the
fine size of this material suggests that it shouvld be well
liberated, with the potential 1o produce a low ash product.

This thesis forms part of an ongoing research program
examining the use of flotation to beneficiate coal fipes to
produce a8 low ash product. Coal i1s a highly heterogeneous
material, consisting of a number of both organic (maceral)
and inorganic (mineral) components with different physical
and technoloqical properties. Therefore in order to
evaluate and interpret flotation resulis, an understanding
of the liberation characteristics of both the organic and

inoganic components is required.

This thesis presenis a3 liberation study on fine coal from
the Greenside Colliery, a typical colliery in the Witbank
Coatfield which 1is the most 1important source of South
African low ash coal. The study was performed by miltling a
run of mine coal sample to varying degrees of fineness (from
30 % finer than 150 micron to 90 % finer than 150 micron),
screening, and assessing the liberation of each size
fraction, These results were caompared to those obtained
from a8 sample of naturally arising fines (thickener
underflow). Liberation was assessed by flpat and sink
analysis, and for this purpose a new technique was developed
that enables rapid and accurate float and sink analysis of
coal down to a few micron in size. Petrographic analyses
were performed to determine the liberation of the organic
coal components.



It was found that an increase in the milling time resulted
in an increase in liberation of the milled samples, but that
the change was quite small. Even the finest sample
caoantained a relatively high proportion of middling material,
indicating that significant lTiberatian waould require
extremely fine grinding. In the size fractions of the
samples, the distributioen of the wvarious organic and
inorganic components was similar, except in the finest size
fraction. This fraction (-25 micron) contained a high
proportion of fine but unliberated inertinite particles, and
was in all cases it was found to be the least liberated size
fraction. The maceral liberation of all the size fractions
was high. In all respects, the thickener underflow

exhibited similar characteristics to the milled samples.
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CHAPTER 1

INTRODUCTION

1.1, Background

Due to the increased use of mechanised mining methods, the
South African coal industry is producing ever 1increasing
quantities of {ine coal. This co3l is nominally -500 micron
in size, but in practice the top size is more like 1 mm. 1t
has been estimated that the proportion of run-of-mine coa)
reporting to the fines fraction may be as high as 16 %
(Anon, 1983).

The size distribution of this fine material suggests {hat 1t
should be well-liberated, with the potential to produce louw
ash coal (L.A.C.). As early ac 1976, a plea was made for an
urdent program of research into the upgrading of the fines
feom the Witbank No 2 seam o obtain a low ash product
(Horsfall, 1976). Since then, 3 few of the mines have taken
steps to recover and upgrade the fines to therma)l quality:
one plant utilises water-only cyclones, anather flotation,
and two have recently 1installed spiral plants. At the
Greenside Colliery alone, 1 mm by O,1 mm fines are treated
in 3 dense medium circuit, to produce Jlow ash coal (Fourie
el al, 1980).

Thus fines cleaning circuits are s{ill comparatively rare.
The majority of South African coal fines are not
beneficiated, but are discarded by being pumped underground
or into ponds. A recent survey (DMEA, 1987) has put the
quantity of bituminous fines slurry being discarded by South
African collieries annually at nearly 4 MT. A small
propaortion of the fines are dewatered and added to the
middljing material for use as thermal coal. This alternative



is false economy, as it usually necessitates overwashing the
coarser fractions to accomodate the higher natural ash
content of the fines. This constitutes a cerious waste of a

valuable national resource.

In an attempt to redress this problem, 3 program of work was
started in 1983 in the QOepartment of Chemical! Engineering at
the University of Cape Toun to investigate flotation as a
means of beneficiating South African coal fines. Flotation
was chosen 3s it is a well proven method for co0a) fines
beneficiation overcseas. However the same technology applied
to South African coals, with the exception of the Natal
coking coals, had previously proved unsuccessful.

A preliminary investigation was carried out using
factorially designed experiments to determine the effect of
basic factors such as particle size, aeration rate, impeller
" speed, pulp densilty, collector concentration, and frother
concentration on the flotation of four South African coals
(Fickling, 1986). The most notable feature of the results
was that any change in the recovery or rate of flotation of
coal was generally accompanied by a corresponding change in
the recovery or rate of the flotation of the ash. It was
arqued that this might be the result of insufficient
liberation at the particle <cizes being considered, the
finest being 95 % passing 300 micron.

Liberation is an important factor in flotation, as it is in
all processes that exploit differences in surface properties
to effect a separation. It is more 1important than in
processes that exploit differences in butk properties, such
as dense medium separation. It is relatively easy, for
example, 1In an efficient dense medium process, to separate
coal particles which differ in ash content by as little as
i %, Flotation is much more sensitive to the presence of
middling material, as the surface characteristics aof the



coal particles will be wvery similar for a wide range of
particle ash contenls. Separation therefore becomes
extremely difficalt.

However, below a particle size of 100 micron the efficiency
of density ceparation processes drops off rapidly for coal
particles because of viscous and drag forces. 1t is for
washing material below this size that separation on the
basis of surface properties become obligatory.

Now in order to evaluate and interpret flotation results of
very fine material, a knowledge of the liberatian
characteristics is required. However, information regarding
the liberation characteristics of South African coal fines
is scanl: this is due in part to the absence of a suitable
method for evaluating the lTiberation of very fine particles.
Panopoulos et al (1983, 1986) have shoun that Witbank Na 2
seam coals are not significantly liberated even down to 75
micron: there 15 a need to continue this investigation doun
to a few micron in size by a3 suitable method.

Coal is 3 highly bheterogeneous material, consisting of
different arganic caomponents (or macerals) as well as Lthe
inorganic (or mineral) impurities that form ash during
combustion. As the different coal macerals are regarded to
have an important influence on flotation performance, and
possess different technalogical properties, an understanding
of the liberation characteristics of both the organic and
inorganic components of a coal 15 required.

Thues a study should be performed to determine the extent and
nature of the liberation of the different coal! components
down to a3s small a3 particle size as is possible. This can
be performed by milling the coal {o wvarying degrees of
fineness, screening, and assessing the Yiberation of each
size fraction by a suitable method.



1.2, Aim

The aim of this thesis is to determine the Iliberatian
characteristice of a Witbank No 2 seam coal, as this is the
most important source of South African thermal and low ash
coa) for export. The aim of the liberation study is to
establish the liberation characteristics during size
reduction of the different c¢pal components, and the ash (or
mineral) components from the coal.

In order to perform the liberation study, it was necessary
to first establish a technique and methad for the liberation
analysis of fine coal.

In the next chapter, this thesis outlines the nature of
coal, and the differences betuween an invesltigation of the
liberation aof coal and that of metallifergus ores. Various
methods for evaluating coal liberation are presented, and
the findings of pther researchers are discussed.

Chaplter 3 deals with the analytical techniques used in this
study and presents in detai) the development and evaluation
of 23 new float and sink technique for liberation studies an

fine coal.

Chapter 4 describes the choice and preparation of samples
and equipment, and outlines details of the experimental

program.

In chapter S5 the results of the liberation study are
presented along with & discussion of the findings. The
conclusions of the investigation are summarised in
chapter 6.



CHAPTER 2

LITERATURE SURVEY

When beneficialion of a3 mineral is being assessed or
considered, the Jliberation characteristics of the mineral
are of <cignificant importance. For metalliferous ores,
Viberation is normally assessed according to the definition
of Gaudin (193%9), in which the degree of liberation of a
mineral is defined as the percentage of that mineral
occurring as free particles in relation to the total of that
mineral occurring in free and locked forms. However,
assessing the Jiberation of coal 1is considerably more
coamplex, as coal consisis of a large number of bolh organic
(maceral) and 1inorganic (mineral) species. It is not
sufficient to consider only the liberation of the organic
combustible components from the 1inorganic ash forming
componentis, as the former exhibit different iechnological
and beneficiation properties. Therefore, before going into
detail about coal Viberation theaory, i1 is necessary first
to describe the constituents of coal and their properties,
and some of the characteristics of South African coal.

2.1, Coal as a Mineral

Coal 1s derived from a layered mass of plant material by
chemical and physical alteration, and madification during
and after deposition. It is a heteraogenenus combustible
material consisting of a wvariety of «carbonaceous and
inorganic mineral! substances. Thus the physical and
chemical praoperties of coal, and Lheir influence on its
technologica) behaviour are inuch mocre difficult to
characterize than is the case with most other minerals or

mineratl complexes.



Most of the chemical, physical and technological properties
of a coal will be determined by its grade, type and rank.
Grade, type and rank are the result of the deposition,
biochemical degradation and metamorphosis of the original
plant constituents. Determination of these properties
involves the microscopic study, identification and
classification of the various carbon remnants and is known
as coal petrology.

2.1.1. Coa! Type or Petrographic Composition

The coal type is determined by the nature of the deminant,
original plant material that was deposited in the swamps
prior to peatification, and by the mode and extent of {he
subsequent biochemical degradation.

The end products of the conversion consist of a number of
distinct organic materials, known as macerals. These can be
divided into three broad groups that each exhibit similar
physical, chemica) and technplogical praoperties. The three
groups are:

(a) vitrinite
(b)Y exinite

(c) inertinite

Table 2.1 showus some of the relative properties of Lhe
different maceral groups.

Characteristic associations of macerals exhibiting a band
width greater than 50 micron are called microlithotypes.
Figure 2.1 shows the most common microlithotypes and their
component macerals.



Physical and

TABLE 2.1

chemical properties of the different coal

macerals (Falcon (a), (b)), 1978).

Vitrinite Exinite Inertinite
Origin Woody plants. Chemically Woody plants.
Anaerabic resistant Aeraobic
decomposition parts of a decomposition
plant
Reactivity Uery Reactive Inert except
Reactive for reactive

semi-fusinite
and macrinite

Volatile High: Very Inert in the
Composition important High range of
caoke component coking coals
Ease of Easily Less eacily Very difficult
Oxidation oxidised oxidised to oxidise
Breakability Brittle Stronger: Impart strength to

the microlithotypes in which
they occur

Chemical Oxygen Hydrogen Carbon
Composition rich rich rich
Relative

Density t.2 - 1,3 i1 1,4 -£,6

(Tow rank)




MICROLITHOTYPES MACERALS MICROLITHOTYPES

VITRINITE VITRITE

TRIMACERITE

EXINITE LIPTITE
DURITE
INERTINITE INERTITE

VITRI-INERTITE

Fig:, 2.1 The characteristic associations of the macerals to
form microlithotypes.

2-1.2- CDa] Rank

Rank or degree of coalification is determined by the
extent of metamorphosis of the «coal as a result of
temperature and pressure. As the rank of a coal changes,
the physical and chemical properties of the macerals are
altered.

Rank determinations are carried oul by reflecltance
measurements of vitrinite. Vitrinite is used as a reference
material because it is the most homogeneaus petrographic
component and its characteristics change continuously and
linearly with rank.

2.1.3. Grade or Mineral Associations

Mineral associations with coal can be divided into two
groups



(a) Syngenetic minerals - these are intimately intergroun
with the coal, and were either formed or accumulated in coal
swamps up to the time of peatification. These minerals are
extremely difficult to Tliberate during any beneficiatiaon
Process.

(b) Epigenetic minerals - these were depaosited in cleats and
fissures after solidification of the coal seam. Although
they are often microscopic in size, they are much more

easily liberated during a beneficiation process.

The relative proportions of minerals occurring in either of
these two forms will determine the liberation potential of a
particular coal.

2.2, Characteristices of South African Coal

2.2.1. Petrographic Composition

The average maceral camposition of South African coals
differs widely from that which is found in many of the major
coal producing regions overseas, such as Europe. These

differences are summarised in Table 2.Z.

fs can be seen, South African coals tend to be inertinite
enriched, which makes them generally Jless reactive than the

equivalent European coals (except for Natal coals).

South African coals tend to be chemically rather than
physically changed because not only are the pressure effects
smaller (shallower burial depth) but temperature effects
associated with widespread 1igneous intrusions are more
significant.
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TABLE 2.2

The awverage relative proportions of coal constituents 1in
South African and European Coals (Falcon, 19278 (a)).

Average Relative Proportions (%)

South Africa Europe
Vitrinite 40 70
Exinite 0-95 15
Inertinite &0 (£ 200 15
Syngenetic 14 3

Mineral

2.2.2+ Rank

The rank of South African coals tends to increase steadily
from west to east. The western sector of the main Karroo
Basin produces very low rank coals. An increase in rank is
observed in the Transvaal, while in some parts of MNatal wvery
high ranks are attained from contact metamorphism due to

igneous intrusions.

2.2.3. Mineral Associations

The main mineral groups that are asspciated with Sguth
African coals, along with their main occurrence and relative
density, are presented in Table 2.3.
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The <clay minerals account for &40 ta 70 % of mineral
intergrowth, with the major components being kaolinite,
illite and chlorite; the relative proportions of each
depends on the rank of the coal in which they occur.

They are typically extremely {fine and widely disseminated
throughout the coal matrix. They are associated with all
the maceral groups and are therefore the most difficult to
lTiberate.

TABLE 2.3

The main mineral groups found in South African coals and
their occurrence {(Falcon, 1978(a)).

Mineral Main Av. Relative
or Group Occurrence Density
Clay minerals Syngenetic 2,3 - 2,4
Carbonates Epigenetic 2,7 - 3,8

Sulphides Epigenetic 5
Quartz Both 2,65

The carbonate minerals include siderite, ankerite, dolomite
and calcite. South African coals are relatively poor in
syngenetic carbonates, probably due to the high redox
potential in the formation environment.

The sulphide minerals are extremely important owing to the
harmful effects af sulphur in coke or boiler coal.
Syngenetic sulphides are rare, except for small concretions

of pyrite occurring predominantly in wvitrinite. Epigenetic
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sulphides do occur, but generally South African coals
contain a relatively louw cancentration of these minerals.

Quartz occurs in Soulh African coals in both syngelic and
epigenetic forms. Syngenetic quartz can occur either as
coarse wind or waler deposited material, or 3s fine material
intimately associated with the clay during coal formation.

As can be seen in Table 2.2, South African coals on average
contain much higher proportions of syngenetic material than
is the case overseas. This fact constitutes the main
problem in the beneficiation of most South African coals.

2.3. Copal Liberation

2.3.1+ Liberation Theory

One of the most important aspects of ascescing the
beneficiation potential of a material are ils 1liberation
characteristics. Most of the work that has been pubtished
on liberation has deall with the liberation of metalliferous
ores, in which the desired mineral constitutes a very small
proportion of the ore body. Before the desired mineral, or
minera)s, can be separated from the ascociated gangue, the
ore must be reduced in size to obtain sufficient release or
liberation of the desired material. Optimisatian of the
degree of comminution is required to ensure cost efficiency,
and this requires understanding and measurement of the
degqree of liberation.

Liberation is normally assessed according to the definition
proposed by Gaudin (1939), in which the degree of )iberation
of a cerfain mineral was defined as the percentage of that
mineral poccurring as free particles in relation to the tota)
of that mineral occurring in free and locked forms. \arious
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models (Gaudin, 1939; UWiegel and Li, 1967; King, 1975;
Klimpel, 1983) have been proposed to correlate the degree of
liberation with decreasing particle size distribution for a
substance "A" occluded in a bulk material "B", and some of
these have been used with considerable success to describe
various metalliferous ore systems.

However application of traditional liberation theory to coal
presents considerable difficulties. Even when milled to
extremely fine sizes, the degree of liberation of most Sauth
African coals would be zero if the definition of Gaudin was
used. Alsp  coal is extremely heterogeneous; simple
assessment of the liberation of coal as a two component
system (ie. coal and ash) does not take into account the
different technological properties of the different coal
components, and their distribution during size reduction.

The aim of coal beneficiation is to turn out a product of a
saleable grade. Since coal forms the abundant phase of the
“"gre', it is often possible to achieve sufficient liberation
at relatively coarse sizes. As this is possible decpite the
fact that there is no 1liberation according to Gaudin’s
definition, it is necessary to assess the liberation aof coal
on a different basis to that used for most metalliferous
ores.

2:3:.2. The Need for the Study of Coal Liberation

Coal is generally only crushed prior to beneficiation (if
any beneficiation is practised) to obtain the size required
for sale in the marketplace, and not for the purposes of
increasing liberation. The degree of liberation that is
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achieved at these coarse sizes generally defines the type of
product that a particular mine produces. Typical product
grades and csizes of South African coals are summarised in
Table 2.4.

TABLE 2.4

Typical grades and <cizes of South African domestic and
export coals (Horsfall, 19280).

Product and Size Ash Content
(mm) (%)
Rounds +31,5 10 - 18
Cobbles 100 - 31,5 10 - 18
General Nuts 40 - 22,4 11 - 20
Peas 25 - 6,3 11 - 20
[ Smalls -25 12 - 21
EoSaCnOonn DUfr “’6.3 12 - 23
Captive paower stalion -25 20 - 27
Power statian (export) Usu. -32 10 - 16
Blend coking coal Usu. —-32 10 - 13
Straight coking coat Usu. -32 10 - 14
Low ash expart cpoal Usu. —-32 7 - 7,5
Liquid fuel (Sasol) Usu. -38 +30

There are, however, twp main areas in which the study of
coal liberation is of cansiderable importance:

a) Increased use of mechanised mining methads by the coal
industry has resulted in the production of ever increasing
quantities of coal fines (usually nominally =500 micron).



15

Due to the high ash content of this material, in most cases
it is either accumulated or discarded, without
beneficiation. However the fine size of this material
suggests that this fractian should cantain a large
proportion of high grade material, There 1is therefore a
considerable cost incentive to the beneficiation of this
material. However in order to evaluate the efficiency of a
beneficiation process for the. fines, the liberation
characteristics of the material must be evaluated.

b) There is a considerable price incentive for the
production of low ash coal (approx. 7 % ash). The
production of super low ash coal (< 4 % ash) for specialised
applications could become important in the future. The
proportion of syngenetic material present in most South
African coals would require very fine grinding before coal
of this grade could be produced at reasonable yields. The
degree of size reduction that is necessary to produce high
quality products requires a thorough understanding aof the
liberation characteristics of the coal, particularly at very
fine sizes.

2.3:3. Methods of Assessing Degree of Coal Liberation

The liberation of a sample of material can be assessed
either by examination, i.e. opticalV (e.q. using a
microscope) or X-ray (e.g. microprobe), or by segregation of
the material on the basis of different physical
characteristics of the <components that —constitute the
material. The fractions obtained by the latter method can
then be analysed to give the distribution of the different
components.

Visual assessment of the degree of liberation of coal can be
obtained by point counting of polished sections of the
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material under a microscope. Houwever, uhile this method is
invaluable in ascertaining the propaortions of the different
petrographic concstituents in a particular coal csample,
assessment of the degree of liberation by this method is
extremely difficult, due to the complex heterogeneous nature
of coal and the very large number of grains that would bhave
to be examined to ensure accurate results. Thus for this
method to be practical, the examination, either optical or
otherwise, would have to be automated.

While considerable success has been obtained on assessing
the degree of liberation of various metalliferous ores using
automated point count technigues (King, 1979), it has not so
far been possible to apply this technique to coal. This is
due 1o the difficulty aof programming a computer to
distinguish betueen the wvarious components present in the
coal, a task for which a human operator requires
considerable training and experience. However the
develaopment of such a technique would be a considerable
advance in the study of coal liberation.

It is usua11y.possib1e to separate the different components
of an ore by differences in physical properties. Caal
consists of components of different characteristic relative
density (see Tables 2.1 and 2.3), so the most usual method
of assessing coal Jiberatiaon 1s segregation of the material
on the basis of relative density, or flpgat and sink
analysis.

The sample 1is separated into a series of fractions by
successive immersion into 1liquids of 1increasing relative
density, starting at the relative density of the lightest
component, wup 1tp the relative density of the heaviest
component. After each immersion, the float material, i.e.
the material with a relative density lower than that of the
liquid, is removed. The analysis can also be performed in
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the reverse order, i.e. from the highest relative density to
the lowest, in which case the sink fraction is removed after
each immersion, or the sample can be split into subsamples,

and a separate subsample used at each relative density.

The fractions can then be analysed to obtain the
distribution of the different components as a function af
relative density. ‘

There are a number of ways in which the 1liberation
characteristics of a coal can be assessed by float and sink

analysis, and these are described in detail below.

2.3.3.1. Density Distributian

The density distribution of a coal sample presented in the
form of a frequency histogram can be a useful aid to visual
assessment of the degree of liberation of the coal. Since
the relative density of pure coal is narmally below 1,6, and
the relative density of the associated mineral components is
greater than 2, a perfectly liberated sample would contain
little or no material in the relative density range 1,6 to
2,0, The density distribution below 1,6 R.D. depends on the
relative proportions of the organic or maceral constituents
in the coal, as these have different characteristic relative

densities, as shown in Table 2.1.

2.,3.3.2. Washability Analysis

The relationship between yield, relative density and ash
content define the washability characteristics of a coal
sample. Where a beneficiation process 1is required to
produce a product of a specific grade, the washability of
the feed will define the maximum aor theoretical yield of the
required quality that can be obtained from the material.
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2.3.3.3. Petrographic Washability Analysis

Pelrographic washability analysis shows the distributian
of the organic constituents with relative density, and
indicates the degree of liberation of the cocal macerals and
microlithotypes.

2:.3.3.4. The M-Curve

As discussed in sectian 2.3.1.,, quantifying the liberation
of coal using the definitian of Gaudin weuld have little or
no meaning. However a number of methods have been proposed
to Qquantify the degree of liberation, or ltberation
efficiency, of coal.

A method proposed by Birtek (1980) relies on presenting the
washability data in the form of M-curves, where cumulative
percent yield is plotted against the cumulative product of
percentage ash and yield, this latier being termed "ash per
100 units of feed" by Dell (1957).

A typical M-curve plot is presented in Fig. 2.2. In this
diagram, line AC represents the feed line, line AB the pure
caal line, and line BC the pure ash line. The graph is for
a coal consisting of 20 % ash, and ADC is a8 typical M-curve.

1 the data must fall within the
triangte ABC. Thus for a coal that is totally unliberated,

It i obvious that =zl

the data would lie alonpa the line AC, whereas for a coal
that is completely liberated the data would lie along the
line ABC.

A number of ways of assessing liberation efficiency from
data presented in thiz form have been proposed. In the
method praposed by Birtek and used by Birtek and King (1984,
1986), the 1liberation efficiency 1s¢ measured by the
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discrepancy of the actual curve from the 1ideal curve.
Referring to Fig. 2.2, liberation efficiency L is given by:

Area ADCA
L = * 100
Area ABCA

2.3.3.5: Acsh Content as a Function of Relative Density

It has been shown (King, 1982) that if a coal particle was
considered to consist of only twe componenis, i.e, coal and
ash, the following relation would hold:

(100/Sgq) - (100/%4q.)
Acsh (%) = (2.1)
(1/Sg.) - (1/Sgc)

Wheret Sg = relative density of a particte
Sg. = relative density aof coal
Sg, = relaltive density of ash

Equation (2.1) can be simplified to give (see Appendix G):
Ash(%) = P*Sg™' + Q@ (2.2)
Wheret P,Q = function parameters (by linear regression).

Equation (2.2) shows that 1f coal is cansidered to consist
of a8 single <coal component and an ash component, the
relationship between ash content and the inverse of relative

density is linear.
By manipulation, equation (2.2) can be used to predict the
relative density of the <coal and ash components (see

Appendix G):¢

Sg. = P.(Q-100)/100.Q - P/100 (2.3)
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and:
S5 = @.5g9./(Q-100) (2.4)

It has been reported (Panopoulos and King, 1983; Birtek and
King, 1984, 1986) that South African coals typically exhibit
a relationship between ash and relative density that is best
fitted by two straight lines. This is best explained by
considering the coal particle as a three component system,
consisting of one ash component and twes coal components of
different characteristic relative densities. This can be
accounted for by the presence of significant amounts of both
vitrinite and inertinite in most South African coals.

Since two straight lines, a high ash line and a low ash
line, may be fitted to each set of data, equation (2.3) can
be used to obtain the predicted relative density of the
light coal component (Sgic) from the Jow ash line, and
equations (2.3) and (2.4) <can- be wused to obtain the
predicted relative densities of the heavy coal component
(Sgne) and the ash component (Sg.) from the high ash line.

Equation 2.4 gives a prediction of the relative density of
the ash component. However in a study of the liberation of
ash, one is really concerned with the liberation of mineral
matter. The relationship between the ash content and the
actual mineral matter content of a particular coal is
complex. The distinct mineral phases in coal mainly
caomprise quartz, c¢lay minerals, carbonate minerals and
sulphides. All these minerals, with the exception of
quartz, are decomposed during high temperature combustion.

A number of authors have studied mineral matter content of
South African coals with respect ta ash analysis. Savage
(1967) compared acid extraction and ] ow temperature
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oxidation as methods of obtaining the mineral matter content
of a number of coals. The values of the mineral matter to
ash ratio obtained varied between 1,07 and 1,24. A value of
1,16 was obtained for a samplie of Greenside No 2 seam coal.
Gaigher (1980), by means of low temperature radio-frequency
ashing techniques, found that the ratio between the mineral
matter and ash contents of 35 product csamples from South
African collieries varied from 1,08 to 1,25. Values for the
Greenside No 2 seam varied betueen 1,15 for a 10 % ash

sample and 1,22 for a2 20 % ash sample.

If the mineral matter to ash ratio is knoun, this can be
incorporated into equation (2.4) to predict the relative
density aof the mineral matter:

SS9 = ®.Q,5g/(x.Q-100) (2.3)

Where: Sg.
o

Relative density of the mineral matter

N

I

Mineral matter to ash ratio

2.3.4, Liberation Characteristics of South African Coa)l

Very 1little published data exisis on the liberation
characteristics of South African coals, Horsfall (1977)
presented curves for a Witbank No 2 seam coal showing the
increase in yield that occure al a particular product grade
with decreasing particle size. Thies data is presented in
Fig, 2.3.

Sanders and Brookes (1986) presented similar data for coals
from the Witbank No 2 seam and from the Ermelo coalfield, as
part of a comparison of the washabiltity characteristics of
coals from Euraope, Austeratia, Botswana, India, Brazil and
South Africa. However both these studies were canfined to
coal larger than 0,5 mm in size. In both cases it was shown
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that while the washability characteristice were improved 1in
the finer size fractions, the yield aof 1laouw ash material
remained poar. Marked improvemenf in the yield of low ash
coal would require a significantty finer feedstock,
indicating the need to investigate the liberation of coal at
sizes finer than 0,5 mm.

Panopoulos et al (1983, 1986) presented density distribution
data for a sample of coal fines from the Landau Colliery
near Witbank. The <cample was split into three size
fractions between 500 and 125 micron. Little or no increase
in VYiberation was observed as the size fraction became
finer, the finest fraction (-150+125 micron) remaining
substantially unliberated.

At the time when the work presented in this thesis was
inftiated, a similar investigation 1into the 1liberatiaon
characteristics of a number of South African coals was
undertaken at the Department of Metallurgy of the University
of the UWitwatersrand. In  the first part of the
investigation, coa} fines from ceveral South African
collieries, including Greenside, were investigated. In the
second part of the investigation, samples of coarse coal
uere selected fraom different seams of six of the major South
African coal deposits. The coarse samples were crushed to
~L mm in size. Both the fines and the milled samples were
split into size fractions, and the liberation of each size
fraction was assessed by float and sink analysis. The
effect on the Tiberation characteristics of further milling
the coals was not investigated. The results for the -25
micron fraction, which could not be obtained by float and
sink analysis, were calculated from the compaosition of the
coarser size fractions.
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The preliminary findings of this work can be summarised as
follows (Birtek and King, 1984, 1986):

a) Vitrinite tends to accumulate in the coarser sizes while
inertinite accumulates in the finer sizes.

b> The -25 micron size fraction is invariably richer in
mineral matter, either as a result of liberation of fine
mineral malter or an accumulatioen of mineral matter rich
inertinite.

¢c) QBown to 25 micron there is no Jliberation of mineral
matter from coal within the. definition of Gaudin (193%).

In particular, the calcutated liberation efficiencies of the
size fractions of a sample of Greenside co3al showed a marked
decrease in the liberation efficiency of the finest fraction
(-38 micron) compared to that of all the other size
fractions. The liberation efficiency of the size fractions
above 38 micron varied from 54,4 to 64 %, while the
liberation efficiency of the -38 micron fraction was onty
38,7 %.

Falcon and Falcon (1982, 1984) investigated a number of
coals from the Witbank coalfield with respect to the
liberation of the different prganic and inorganic
canstituents, as part of a study on selective maceral and
microlitholype concentration by flotation. Their
investigation was conducted on coal between 500 and {50
micron in size. Good liberation of the organic constituents
at this size was observed, although separation by flotation
was largely unsuccessful,
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2.4. Summary

The heterogeneous structure of coal indicates that a study
of coal liberation <chould include both the maceral and
mineral components. Because aof the high syngenetic clay
content of South African coals, liberation will accur at
very fine sizes, therefore the liberation characteristics of
very fine coal must be evaluated. This will require milling
the coal {o varying degrees of fineness, and evaluating the
liberation af the coal by a suitable methad. The method
used should be float and sink analysis, but the technique
must be extended tc enable analysis of very fine sizes (< 38
micron).

The results can be interpreted using density distribution
histograms, washability analysis and petrographic
washability analysis. The M-Curve can be used to quantify
liberation efficiency. The relationship between ash content
and inverse of relative density can be used to calculate the
relative densities of the predominant components of the
coal, and their distribution during size reduction.
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CHAPTER 3

ANALYTICAL TECHNIQUES

3.1. Float and Sink Analysis of Fine Coal

Float and sink analysis was selected as the method of
assessing the degree of coal liberation. As the
investigatiaon required assessing the Jliberation aof coal
samples milled to progressively finer sizes, a float and
sink technique was required that was suitable for analysing
very fine material. This section describes the evaluation
of existing methods for carrying out flpat and sink analysis
of coal fines, and then outlines the development af a methad
for extending the flopat and sink analysis to ultrafine
5izess

3.1.1. Evaluation of Existing Methods

The most common method for the flpgat and sink analysis of
coal fines involves the use of separating funnels, in which
particles separate under gravity in a suitable heavy liquid.
While this method presents Tittle difficulty for coal
samples consisting of particles larger than 500 micron, the
technique becomes extremely time cansuming Ffor samples
containing wvery fine particles, or a high proportion of
material close tg the specific gravity of separation, as
very long separating times are required. For practical
PUrposes, this method is unsatisfactory for samples
containing particles finer thap 75 micron.

Alternative methods aimed at speeding up the process rely on
the use of a centrifuge. In the methaod recommended by the
International Organization for Standardization (1.5.0.,
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1981), a sample of coal (20 to 60 gram) is placed in a
centrifuge tube with liquid of the lovest density. After
spinning, the floats are collected from the surface with a
scoop, Jliquid of the next highest density is added to the
sinks and the process is repeated until the highest density
is reached. A disadvantage of this method is the initial
high toading of the tubes which can result in a3 significant
amount of entrained and thus misplaced material; moreover,
it 1s difficult in practice to scoop all the floats from the
surface accurately, withaut leaving some material behind ar
causing scome mixing with the sinks. The sequential
treatment of &8 single sample can alsac lead to significant
cumulative error as the quantity being treated becomes
smaller.

A second centrifugal method is that of Hall (1934), in which
a fine gauze tray 1is fitted inside the centrifuge tube,
suspended between the flpats and the sinks by wires hung
over the edge of the tube. This gauze is used to pull out
the solid plug of flopats after centrifugation. Problems
Wwith this method are that the gauze tends to trap some sink
material during centrifugation, which will report to the
floats; and that on removal of the gauze some float material
is invariably left behind, and is difficult to recover.

3.1.2. Development of a3 New Method

Due to the unsatisfactory nature of the methods discussed
above, it was decided to develop new apparatus and method.
The fineness of the material under investigation

necescitated the use of a centrifugal technique.

The apparatus, shown in Figs. 3.1 and 3.2, was designed to
fit into a standard 100 m) Polytetrafluoroethylene (PTFE)
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centrifuge tube. It consists of a tapered tube, with the
bottom sealed by a conical plug. This plug is connected via
a rod to a spring at the top of the device. When sufficient
downward force acts on the plug (as occurs during
centrifugation), the spring is compressed, and the bottom of
the tube opens.  When the downward force on the plug ceases,
the spring is relaxed, and the bottom of the tube is sealed
again.

The device was manufactured out of perspex. This material
has the advantage of being both transparent and sufficiently
tough to withstand the high stresses of centrifugation. fal
disadvantage is that perspex 1s soluble in mpbst organic
liquids, so that if heavy liquids such as bromoform,
tetrabromoethane (TBE), or Certigrav (a commercial oaorganic
liquid mixture used for float and sink determinations) were
required to be used, the device would have to be
manufactured out of a different material., The most
appropriate materials of construction would be PTFE or
stainless steel. The device was initially manufactured out
of glass, but this material proved tco prone to breaking in
the centrifuge.

The heavy liquid used with the apparatus in this work was
zinc chloride solution. Advantages of this heavy liquid are
that it is very cheap and does not give off toxic vapours,
like the more commonly wused organic liquids such as
bromoform or TBE. A limitation is that the highest specific
gravity that can be obtained is 1,8.

The use of the new apparatus is illustrated in Fig. 3.3.
Unlike the I1.0.5. method, which uses sequential treatment of
a single sample, the new method uses a different sample at
each specific gravity. In this way cumulative data are
obtained directly.,
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The procedure can be broken down into four stages:

A) Approximately 2 g of dry coal is dispersed in zinc
chloride solution of the required specific gravity, and
transferred into the separating device. The separating
device 1is then filled to the required level with zinc
chloride solution, as is the centrifuge tube.

B) The device is inserted into the centrifuge tube, although
the contents of the two remain isolated from each other.

C) The tube is then spun in a centrifuge. During spinning,
centrifugal force on the conical plug pulls it down,
compressing the spring. This tinks the fluid 1in the
separating device with that in the centrifuge tube, and
enables sink material to enter the tube.

D) When the centrifuge is stopped, the spring causes the
conical plug to seal the device again, isolating the float
material from the sink material. Thus the two fractions are
separated merely by removing the device from the centrifuge
tube. The separation is achieved with naone of the problems
asspciated with the existing methods discussed above
(section 3.1.1.).

For this work a Beckman TJ 6 centrifuge with a TH 4 swing
arm rotor was used. It is important that a centrifuge with
a swing arm rotor is used, so that the line of force acts
down the centre of the tube. With the centrifuge spinning
at 4000 rpm, about 15 minutes are required for samples of
+25 micron material; samples of -25 micron material usually
require between 1 and 2 hours of spinning time.

1f material less than 53 micron in size is being analysed,
the conical plug may be Jlocked closed during initial
centrifugation, recsulting in 3 provisional separation in the
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device. If this were not done the fine coal slurry in the
device would behave like a liquid with a higher specific
gravity than the <c¢clear zinc <chloride solution in the
centrifuge tube. Thus when the conical plug opened, mixing
would result, causing some float material to report to the
sinks. After a provisional separation has been obtained
with the plug locked, the spring is released, enabling the
conical plug to open, and the tube is re-centrifuged to
obtain the final separation.

3.1.3:. Experimental Procedure

Before carrying out a series of float and sink analyses, a
stock solution of zinc chloride is prepared with a specific
gravity of approximately 1,8. Zinc chloride crystals are
dissolved in water, and the splution is filtered to remove
any insoluble impurities, A range of relative densities
between 1,0 and 1,8 can then be pbtained by adding water to
the stock solution.

In this study Industrial Grade zinc chloride crystals were
used, and the relative density of solutions was measured
with a hydrometer.

The following experimental procedure was developed for use
with the new apparatus:

a) {Zinc <chloride -solution of the required density is
prepared.
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b) Approximately 2 g of dry coal is accurately weighed into
a 2% ml! sample bottle. The sample bottle has a conical
bottom leading into a 4 mm diameter glass tube, which is
connected to a short piece of rubber tubing. The rubber
tubing is clamped shut.

Approximately 5 ml of zinc chloride sglution is added to the
bottle, along with a few micralitres of chemical dispersant
Tween 20 (polyoxyethylene sorbitan monclaurate). The bottle
is sealed and shaken until the coal is thoroughly wetted.

The bottle is then placed in an ultrasonic bath for S
minutes to further aid dispersiaon. The 1id of the sample
bottle is removed, and any adhering coal is washed into the
bottle with a few millilitres of zinc chloride solution.

The rubber tube of the sample bottle is then inserted into
the top of the separating device, and the clamp is removed.
A syringe is used to wash any remaining coal particles from
the sample bottle into the device. The separating device is
then filled to the required 1level with zinc <chloride
splution, as is the centrifuge tube. The device is then
inserted into the centrifuge tube.

¢) Steps (a) and (b) are repeated for the other tubes.
d> The conical seal spring on all the tubes is laocked (For
samples consisting of particles larger than 53 micron this

step, and steps (g) and (h), can be omitted).

e} The tubes are balanced, and then placed 1in the
centrifuge.

f) The tubes are spun until the solids have separated into
float and sink fractions, with clear liguid in between.
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g) The centrifuge is stopped, and the conical seal springs
on 3ll the tubes are released.

h) The tubes are spun for the time required to achieve the
final sepacration.

i) The separation devices are removed from the centrifuae
tubes, and the float and sink fractions are filtered using a
Buchner funnel containing preweighed glass fibre filter
paper (GF/B). Ordinary filter paper cannot be used as zinc
chloride solution destroys it. Each coal fraction is washed
Wwith three successive aliquots of water. It was ascertained

that this resulted in no measurable zinc chlioride retentinn

in the coal. Finally tthe <coal 1is washed with a feuw
millilitres of ethanol to facilitate removal of the coal and
the Tilter paper from the funnel. The fioat and sink coa)

fractions are then dried avernight in an aven at 105 °C.

3.1.4, Experimental Evaluation of the New Method

3.1.4.1., Repeatabilitly Experiments

In order to establish the precision of the methaod a number
of replicate experiments were performed on different size
fractions of a sample consisting of a synthetic mixture of
washed and waste coal from the Greenside Colliery near
Witbank. The float and sink analyses were carried out at
relative densities of 1,4 , 1,5 and 1,6. The resulis are
presented in Table 3.1. As can be <ceen, the method 1is
extremely precise for the size ranges examined. The maximum
standard deviation ogbserved from four replicates was only
0,6 %. Also 3 mass balance of the floats and the sinks

shows acceptably small and relatively consi{ant mass losses.
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TABLE 3.1

The results of repeatability experiments using the new float
and sink techniaue.

Size Relative Number of Mean Yield Standard Average

Fraction Density Replicates of Floats deviation mass
(micron) (%) loss (%)
-300+106 1,6 4 56,3 0,2 0,9
~106+ 75 1,6 2 59,1 0,3 2,8
- 75+ 38 1,6 4 59,9 0,3 2,5
- 38+ 20 1,5 4 49,8 0,6 2,1
-300+106 1,4 4 34,5 0,4 2,4
-106+ 75 1,4 2 34,8 0,2 2,4
- 75+ 38 1,4 4 3i,1 0,5 2,5

3.1.4.2. Reproducibility Experiments

To investigate the accuracy of the melhod, comparative
experiments were performed on three samples of Greenside No
2 seam coal obtained from Professor R.P. King of the
Department of Metallurgy at the University of the
Wilwatersrand. The samples were of dence medium cyclone
underflow and overflow, taken during the operation of a
pilot rig in which dense medium separation af fines was
being investigated (King and Juckes, 1983). The new method
was used to obtain the float and sink curves for the -90+73
micron fraction of the underflow and overflow samples.
These results were then used to obtain a partition curve far
the cyclone for each of the samples examined.

The partition curves that were obltained were compared uwith
those of Professor King's research group, uwhich were
obtained wusing a double <column gravitational scseparating
technique, illustrated in Fig 3.4. This method is wvery
accurate but extremely time consuming. The top calumn acts
as a "rpugher” and the lower column as a ''cleaner'. For the
work 1in question, Professor King’'s group used a sequential
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treatment of a single sample, with Certigrav as the heavy
liquid. Since a gravitational technique was used, it was
not possible to compare reproducibility for samples of finer

sizes,

The detailed results of the comparative experiments are
presented in Appendix A. Partition curves comparing the tuwo
sets of results are presented in Figs. 3.5 to 3.7.

The following partition function used by King and Juckes
(1983) has been fitted to the results:

exp{bzx)~1
expi{bsz x)+exp(bz )-2

R(x) = ba+(bs~—by)x

Il

Wheret: x normalised specific gravity, S/S.

specific gravity of the particle
S = cut point S.G. (S at partition factor = 0,5)
R

b, bi, and bs are function parameters

partition factor

Least squares best estimates of the parameters Sc¢, bz, ba,
and bs were pbtained by nonlinear regression analysis of the
experimental data.

For each sample, curves were fitted to the combined set of
data, and to each set of data obtained by the two different
methods. Table 3.2 presents parameters from the least
squares fit for each curve and the cut point. As a
different number of points has been used to obtain each
curve, the sum of error squared divided by the number of
points has been included for purposes of comparison.

A very good agreement betuween the twpo sets of data can be
seen in Fig. 3.5 and Fig. 3.6. The poor fit apparent in
Fige 3.7 can be explained by the fact that there was



30

POYUlIBN |2uung +
Ajlsua@ oA13D|2Y upap

91 Sl '

| ] 1 1 ] |

L

pPoyIs MaN

O

1

-1 ardwes ‘poyjaw uWNTOD a[qnop ayjz
pue poylaw Hau 343 Sutsn pauTe3lqo S3TNSaJd ayjl Jo uostaedwo)

G "€ FHNDHI4

Ol

)4

og

ov

0]

09

0L

o8

06

00l

% 40}0D4 UON}3Dd



41

POYIe |BuUuUNg  +
AYISUS (] SAIID|SY upspy

g9l Gl ol
! _ | ! | ! !

pPoyyeW meN O

1

‘2 ardwes ‘poylaw uwnyiodo aqnop ayl
pue poyijsw Nau oy3z SUTsn pauTelqo S3Insad ayj jo uostredwo) g £ IYADIA

ol

086

00l

% 40}0D4 UOI}3iDd



42

POYlaiN [SuUUNd + pouisiN MaN a
lsU=s(d =SAI3D|S uDpspy
- 9L Sl ! gl
_ _ _ _ _ _ _
M3IN -
73INNNA
-+
‘€ srdwes ‘poyj3sw uwniod 3[qGnop 3Y3l
pue poyjsw Kau ayjz FUISN pauIelqo S3TNSad a3yl Jo uostaedwo) '€ 34n9H1d

ol

o¢

o<

0}

oS

09

0L

08

06

001

% J4012D4 UOI}}D



43

insufficient material to obtain more points in the higher
specific gravity range of the graph (gsee Fig. 3.7, graph A).
Thus the first two points have an exaggerated effect on the
shape of the curve. Both sets of data exhibit a high degree
of scatter, indicating possible inconsistencies in the coal
sample, rather than problems in either of the float and sink
methods. The high degree of scatter requires a large number
of points to obtain a satisfactory curve fit. When the
graph using the combined data is compared with the
separating funnel method data, a much better agreement is
apparent.

TABLE 3.2

A comparison of the function curve fit parameters of the tuwo
float and sink methods for the partition curves presented in
Figs. 3.5, 3.6 and 3.7.

Method S. (Sum of Error)? (Sum of Error)?
No of Points

Figqure 3.5
New method 1,563 42,30 6,048
Funnel method 1,570 21,32 2,13
Combined data 1,570 73,56 4,33
Figqure 3.6
New method 1,546 34,44 4,956
Funnel method 1,553 198,48 19,85
Combined data 1,550 247,55 14,56
Figure 3.7
New method 1,519 121,09 20,18
Funnel method 1,523 187,17 20,78

Combined data 1,523 385,43 25,76
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3.1.4.3. Conclusions

It was decided on the basis of the results presented in
the previous sections that float and sink analyses could be
carried out with the new method both precisely and
accurately, with none of the problems associated with the
other methods.

Details of the development and evaluation of the new float
and sink technique have been published in the Journal of the
South African Institute pof Mining and Metallurgy (Franzidis
and Harris, 1986). A reprint of the paper is presented in
Appendix H.

3.2 Petrographic Analyses

The petrographic analyses reported in this thesis were
performed by Falcon Research Laboratories (Pty) Limited.
The analyses were obtained by microscopic examination using
reflected Jight on relief-polished surfaces under il
immersion, to enbance reflectivity differences. A Leitz
MPV2 ore microscope was used, with a photomulitiplier and
digital read-out.

Preparation of the samples involved mixing with epoxy resin
and moulding into a particutate block under pressure for 8
hours, after which the surface of each block was ground and
polished to the required level for petrographic analysis.

The petraographic analysis caonsisted of group maceral
analysis, microlithotype analysis, and the measurement of
rank by means aof vitrinite reflectance. The group maceral
analyses were based upon a count of 500 points, whilst for
microlithotypes 300 points were counted.
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3.3. Ash Determinations

Ash determinations were performed using a muffle furnace
according to SABS Standard Method 926.
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CHAPTER 4

EXPERIMENTAL PROGRAM

4.1. Sample Selection

For the purposes of thic study it was decided to
investigate the liberation characteristics of coal from the
No 2 seam from the Witbank coalfield, as this is the most
important source of Sputh African export coal. Samples were
obtained from the Greenside Colliery near UWitbank (Fig.
4.1). Greenside produces for export bolh low ash ccal and
power stalion smalls, and can be considered typical of the
export collieries in the region.

It was decided teo obtain tweo different samples of Greenside
No 2 seam coal for investigation:

a) A sample of coarse, unwashed coal in a narrpw size range,
which could be milled to varying degrees of fineness in the
laboratory, sg that the relative liberation of the organic
and inorganic components of the coal ducing size reduction
could be evaluated.

b) A sample of the washing ptant thickener underflow. This
consists of the ultrafines, usually nominally -106 micron,
that are produced during mining and any subsequent grinding,
and are removed during the washing process and discarded to
the slimes dam.

Two different sample sources were chosen to allow the
comparison of the liberation characteristiics of the fines
produced by milling an artificially prepared coarse coal
sample with those of the fines actually produced during the
mining and washing process.
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4.2. Sample Description

Two samples of No 2 seam coal were obtained from the
Greenside Colliery. The first was of run-of-mine (r.o.m.?
unwashed coal, and the second of thickener underflow. Both
samples were prepared by the Ore Dressing Division of the
Council for Mineral Technology (MINTEK), as described below,
prior to de]ivery'to U.CoTo

4.2.1. Run of Mine Sample

The preparation of the r.o.m. sample is illustrated in
Fig. 4.2, The -10+6 mm fraction obtained from the original
r.o.m. sample was blended and packed into 1 kg bags. The
-6 mm material was discarded.

f 3

R.O.M. CoAl ra

y

k
410 mm Conew
MILL
) IO mm SCREEN |

-
™ Cofl

4

- -10 + 6 mm PRODUCT

6 mm Screen

b
=6 mm Cold

(DiscArRDED)

Fig 4.2 Sample preparation of r.o.m. coal
as performed by MINTEK.
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4.2.2. Thickener Underflow Sample

The thickener underflow sample was filtered on a pressure
filter to remove most of the water, and dried in the sun.
The sample was then blended, and packed into 300 g bags.

4.3, Sample Preparation

4.3.1. Milling

Three subsamples of the -10+6 mm coal were milled to
varying degrees of fineness. The first sample was milled
until 30 % was finer than 150 micron, which correspands
approximately to the size distribution of the material

classified as "fines" in the washing plant (usually
nominally -500 micron materiatl). The second sample was
milled wuntil 90 % was finer than 150 micron, which

corresponds approximately to the size distribution of the
thickener wunderflow from the washing plant. The third
sample was milled until 60 % was finer than 150 micron as an
intermediate distribution between the tuo extreme
distributions.

A stainless steel rod mill with a diameter of 31,6 cm was
used. The mill was operated with 14 rods, and 1,5 kg af
coal. The critical speed of the mill was calculated from

the Chemical Engineers Handbook (Perry and Chilton, 1973):

76,6
N:=T,2— (4.1)
Where: N. = Critical speed (rpm)
D = Diameter (feet)
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For a mill diameter of 31,6 cm (1,04 fi) the formula gives a
critical speed of 75,2 rpm. The mill was operated at 0,9 N
(67 rpm) which is the region of optimum efficiency.

The milling curQe of the —-10+46 mm coal is presented in Fig.
4.3, which shows the proportion of the sample that is finer
than 150 micron after a particular milling time. It can be
seen that the curve is retatively linear over maost of the
range of milling times that were used. The milling times
needed to produce the required samples were obtained by
interpolation and are listed in Table 4.1.

TABLE 4.1

The time required to mill -10+é mm Greenside coal until
30 %, 60 % and 20 % of the sample i1s finer than 130 micron.

Sample Milling Time (min)
30 % -150 pm 17
60 % —150 pm 63
90 % —150 pm 99
4.3.2:. Screening
All screening was performed -wet using an Endecott Test

Sieve Shaker with 20Q mm diameter stainless steel labaratory
test sieves. The sieve series used was as fallows (all in
micron): 250, 150, 106, 75, 53, 38 and 25.
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4.3.3. Other Equipment

Representative subsamples were obtained using a rotary
splitter.

Wet samples were filtered using a Buchner funnel, and dried
at 105 °C in an oven for at least 12 hours.

4.4, Liberation Study

The analyses performed in the liberation study are
presented in Tables 4.2, 4.3, 4.4 and 4.5. These consisted
of: size distribution (S.0.), ash content of +the =size
fractions (Ash vs S.F.), float and sink analysis (Yield vs
R.D.}, uashabi]i{y analysis, 1i.e, ash content of the
relative density fractions (Ash wvs R.D.), petrographic
analysis of the size fractions (P.A. wvs S.F.) and
petraographic washability analysis, i.€, petrographic
analysis of the relative density fractions (P.A. vs R.D.).
Table 4.2 presents the work performed on the —10+6 mm sample
milled to 30 % finer than 150 micron. Table 4.3 presents
the work performed on the -10+6 mm sample milled to 60 %
finer than 150 micron. Table 4.4 vpresents the work
performed on the -10+6 mm sample milled to 90 % less than
150 micron. Table 4.5 presents the work performed on the
thickener underflow sample. Each table shows the variuué
size fractions (in microns) that were used for the indicated
analyses.
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TABLE 4.2

the size
finer than 150 micron

Liberation study: The analyses performed on
fractions of the sample milled to 30 %

(all values in micron). (P.A, = Petrographic Analysis; S.F.
= Size Fraction; S.D. = Size Distributipon; R.D. = Retative
PDensity).

SODQ ‘/oASh Vvs YlE]d Vs ZASh AVASS POAO AVASY PDA! vsS

SOFJ RlDl RoD- S'F. Ran

+250 +250 +150 +150 +150 -150+106
—=250+150 -250+150 -150+106 -150+25 -150+106 ~106+ 53
-150+4106 -150+1086 -—-106+ 75 -25 -106+ S3 - S3+ 25
-106+ 75 -106+ 75 - 75+ 53 - 53+ 25 -25
- 75+ 53 - 75+ 53 -~ 53+ 38 -25
- 53+ 38 - 53+ 38 - 38+ 25
- 38+ 25 - 38+ 25 -25

-25 -25

TABLE 4.3

Liberation study: The analyses performed on the =size

{ractions of the sample milled to 60 % finer than 1950 micron

(all values in micron). (PvA. = Petrographic Analysis; S.F.
= Si1ze fFractiony 5.0, = Size Distributiaon; R.D. = Relative
Density).
S.D. %Ash ve Yield vs
S.F. R.D.
+250 +250 +150
-250+150 -250+150 -150+106
-150+106 -150+106 -106+ 75
-106+ 75 -106+ 75 - 75+ 53
-~ 75+ S3 -~ 75+ 53 - 53+ 38
- 53+ 38 - 53+ 38 - 38+ 25
- 38+ 25 -~ 38+ 25 ~25
-25 -25




Liberation
fractions of the sample milled to 90 %

study:
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TABLE 4.4

The

analyses

performed
finer than 150 micron

on

the

size

(all values in micron). (P.A. = Petrographic Analysis; S.F.
= Size Fraction; S.D. = Size Distribution; R.D. = Relative
Density).

S.0. - %Ash vs Yield vs %Ash vs P.A. vs P.A. vs

SQF. RoDo RoDc SoFa Rch

+250 +250 +150 +150 +150 -150+106
-250+150 -250+150 -150+106 =-150+25 -150+106 -106+ 53
-150+106 -150+106 -106+ 75 -25 =106+ 53 - 53+ 25
-106+ 75 =106+ 75 - 75+ 53 - 53+ 25 -25
- 75+ 53 ~ 75+ 53 - 53+ 38 -29
- 53+ 38 - 53+ 38 - 38+ 25
- 38+ 25 - 38+ 25 =25

-25 -29
TABLE 4.5

lLiberation study: The analyses performed on the size

fractions of thickener wunderflow sample (all wvalues in
micronl. (P.A. Petrographic Analysis; S.F. = Size
Fraction; &.D. = Size Distribution; R.De = Relative
Density).
S.D. %“Ash wvs Yield vs %Ash wvs P.A. vs P.A. vs
S.F. R.D. R.D. S.F. R.D.
+250 +250 +106 +106 +106 +106
=250+150 =250+150 -106+25 =106+ 25 -106+ 23 -106+ 25
-150+106 ~150+106 -25 -25 -25 -25
106+ 75 —~106+ 75
- 75+ 53 - 75+ 53
- 53+ 38 -~ 53+ 38
~ 38+ 25 - 38&+ 25
-25 -25
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CHAPTER 5

RESULTS AND DISCUSSION

This chapter presents the results of the experimental work
carried ou! on the thickener wunderflpw and the samples
milled to 30, 60 and 90 % finer than 150 micron. The
samples are analysed by size distribution, ash content of
the size fractions, relative density distribution and
washability (by the new flpat and sink technique), and
petrographic analysis. Detailed resulis are presented in
the appendices. An assessment of the 1liberation of the
samples using the M-curve is presented, and the ash wversus
inverse of relative density data is calculated.

S.1. Size Distributiaon

The size distribution data of the thickener underflow and
of the samples milled to 30 %, 60 % and 90 % finer than 150
micron are presented in Table B.!1 in Appendix B. This shows
the cumulative mass of material finer than a particular
screen size. The data is presented graphically in Fig. 5.1
using logarithmic <ccales for both axes. Each of the four
sets of data in Fig. 5.1 can be well represented by a
straight 1line, indicating that the fine material that is
produced during breakage pof this particular copal has a
particle size distribution that can be well approximated by
the Gatecs—-Gaudin—-Schumann size distributian function (Perry
and Chilton, 1973):
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Y = (X/k)" (3. 1)

where: Y = Cumulative mass of material finer than a
particular size (%),
X = Screen size (micron).

|

m, k Function parameters.

When plotied on logarithmic axes, equation (5.1) represents

a straight 1line of slope m. The Y intercept, ar the
cumulative mass of material in the sample less than 1 micron
(i.e, Log(X) = Q), can be calculated from the function

parameter k, where:
Yxnlocc'vl =m-L09(l/k) (5.2)

The values of m and k for the four samples'are presented in
Table 5.1.

TABLE 5.1

The Gates-Gaudin-Schumann function parameters for the four
samples.

Sample m k
30 °/o _150 Um 0161 0.62
60 % -150 pm 0,58 0,12
90 % ~150 pm 0,60 0,081
Thickener
Underflow 0,36 00,0013

5.1.1, tfilled Samples

An examination of Fig 5.1 and Table S.1 shaows that the
slopes of +the size distribution functions of the three
milled samples are practically equal, with the values of m
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in equatien (5.1) ranging from 0,58 to 0,61. Thus m appears
to be a constant for this <coal wunder the particular
conditions of comminution used in the preparation of the

material.

5.1.2, Thickener Underflow

The <slope of the =size ditribution function of the
thickener underflow, or +the naturally arising fines, 1is
considerably lower than that of the milled <samples,
indicating that this sample <contains relatively Jlarger
proportions of both "ultrafine" (=25 micron) and '"coarse'
(+250 micron) material. The material present in this sample
larger than 106 micron can essentially be considered
misplaced as the stream sent to the thickener on the plant
is the overflow of a classifying cyclone which has a cut
point of 106 micron. Thus the presence of this material 1is

a result of the imperfect operation of the cyclone. .

5.1.3, Discussiaon

The difference in slope belween the milled samples and the
thickener underflow could be ascribed to the considerable
difference between the natural production of fine material
during mining and processing and that of comminution in a
rod mill. However a significant contributory factor to thisg
difference 1s the fact that the thickener underflow has
passed through a classifying cyclone on the plant, which
would imperfectly remove the coarser fractions. Thus if the
cyclone were operating perfectly, the slope of the thickener
underflow size distributien would probably be similar to
that of the milled samples. The higher proportion of =25
micron material indicates that this material would have a
smaller mean particle size than the sample milled to 90 %
finer than 150 micron.
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5.2. Ash Content aof the Size Fractions

The ash content of the size fractions of the thickener
underflow and of the samples milled to 30 %, 60 % and 90 %
finer than 150 micron is presented in Fig. 5.2 and in Table
B.2, in Appendix B.

5.2.1. Milled Samples

Fig:. 5.2 shouws that the ash content of the three milled
samples follows the same trend with decreasing particle
cize. The ash content decreases, initially quite sharply,
with decrease in particle size, but then increases sharply
in the =25 micron fraction.

5.2+2. Thickener Underflow

The ash distribution of the size fractions af the
thickener underflow follpows a very different trend to that
of the milled samples. As may be seen from Fig. 5.2, the
thickener underflow sample shows a8 sleady increase in ash
content as particle <cize decreases, from 16,3 % in the
coarsest fraction te 26 % in the finest fraction.

5.2.3, Discussion

For both the milled samples and the thickener underflow,
it is clear that there is a concentration of ash in the -25
micron fraction during size reduction. This is due to the
extremely fine size of a significant proportion of the
mineral, mainly clay, present in the coal matrix. When
tiberated, this <clay malerial reports to the ultrafine
fraction.
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The high ash content of the coarse fraction of the milled
samples is probably due to the presence of coarser and
harder mineral camponents such as quartz or carbonate
minerals in this fractiaon. As the cpoal is milled finer,
the proportion of this material in the coarse fraction would
tend to increase, which is consistent with the trend in Fig.
5.2, Thus the distribution of the ash in the size fractions
of the milled samples suggests that there is a bimodal size
distribution of the mineral components in this coal, such as
that reported by Dawson (1983) in a study of cpal fines from
the Platberg Colliery, near Neuwcastle in Natal.

The Jlower ash content of the coarser fractions of the
thickener underflow, compared to the milled samples, can be
explained by the operation of the classifying cyclone on the
washing plant. This would preferentially remove coarse
particles with a higher ash content, and therefaore higher
relative density, since these particle are more likely to
report to the cyclone underflow than relatively clean coal
particles of the same diameter.

5.3. Density Distribution of the Size Fractians

3.3+1. Milled Samples

Fige 5.3 shows normalised frequency histaograms of the
relative density of each of the size fractions of the sample
milled te 30 % finer than 150 micran. Each column
represents the proportion of material in a particular size
fraction that reported to the floats in the indicated
specific gravity range during float and sink analysis. Fig.
5.4 and Fig. 5.5 present the same information for the
samples milled to 60 % and 90 % finer than 130 micron
respectively.
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The density distribution of the sample milled to 30 % finer

than 150 micron by size fraction.

FIGUORE 5.3
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The density distribution of the sample milled to 60 % finer

FIGORE 5.4
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The density distribution of the sample milled to 90 % finer

than 150 micron by size fraction.

FIGURE 5.5
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The density distribution data of each of the samples uwas
narmalised into relative density intervals of 0,03 for
purposes of comparison., This was done by interpolation of a
smooth curve drawn through the cumulative floats wversus
relative density data. The detailed data presented in Figs.
5.3 to 5.5 are listed in Tables C.1 to C.3 in Appendix C.

The relative density distributions of the three milled

samples are besl considered in two parts. The results for
the size fractions above 25 micron will be discussed first,
and then the -25 micron fraction will be caonsidered on its
OuWn »

a) The Size Fractions Above 25 micron

Figs. 5.3 to 5.5 can each be divided into three relative
density intervals: the interval below 1,6 which mainly
cansists of organic material, the interval from t,6 to 1,75
Which containg the middling material, and the interval above
1,75 which contains predominantly inorganic or mineral
material.

In the 1interval below 1,6 none of the samples shows any
apparent trend as the particle size becomes smaller. A
comparison between the 1hree samples similarly shows no
apparent trend on grinding to varying degrees of fineness.
Each sample exhibite a fairly similar distribution, with a
significant amount of material in the relative density range
1,4 to 1,6. This carresponds to the relative density of the
macera) inertinite, which is the predominant organic
constituent of this coal.

In the interval between 1,6 and 1,75 the trend in all three
samples is towards a small decrease in the amount of
middling material as the size fraction becomes cmaltler.
Thie 1indicates that the degree of liberation has been
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increased in the smaller size fractions, although only to a
small extent. Considering the fineness of the size
fractions examined in this investigation and the relatively
small decrease in the amount of material in this relative
density interval, complete eradication of this material

would require extremely fine grinding.

The material with a relative density above 1,73 consists
predominantly of mineral or ash forming components. For
each of the samples the trend that <can be observed
corresponds to the distribution of ash by size fraction
shown in Fig. 5.2, i.e. the amount of material of relative
density > 1,75 tends to decrease with decrease in particle
size, and then increase sharply in the =25 micron fraction.

b)Y The =25 micron Size Fraction

In Figs. 5.3, 5.4 and 5.5 it can be seen that the relative
density distributian of the -25 micron size fraction of all
three samples 1is significantly different to that of the
other size fractions. In the -25 micron size fraction,
there is a very large concentration of material in the 1,45
to 1,6 relative density range, with much less material below
relative density 1,4 than in the other size fractions, 1In
the density range 1,6 to 1,75 the -25 micron fraction is
generally consistent with the trend exhibited by the other
size fractions,

5,3.2. Thickener Underflouw

The thickener underflow sample was split into only three
size fractions: +106, -106+25 and -25 micron. This was a
consequence of the absence of any significant trends in the
density distributions of the size fractions above 25 micron
in the milled samples. The relative density distribution of
each of the size fractions of the thickener underflouw sample
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is presenled in Fig., 5.6, The normalised data can be found
in Table C.4 in Appendix C.

It can be cseen in Fig. 5.6 that the thickener underflouw
exhibits density distribution characteristics similar ta
those of the milled samples. Once again the monst obvious
feature is the very high proportion of material in the 1,45
to 1,6 relative densily interval for the -25 micron size
fraction, with correspondingly less material with relative
density below 1,4 compared to the other size fractions.

5.3.3. Composite Samples

Fig. 5.7 presents a comparison of the relative density
distributiions of the four composite samples. These
ditributions were obtained by mathematically reconstituting
the cize distribution data in Appendix B with the density
distribution data in Appendix C for each of the four
samples.

It is apparent from Fig. 5.7 that the density distribulions
af the four samples are fairly similar. As expected there
is a small decrease in the amount of middling material as
the sample becomes finer. In this regard the thickener
underflow can be considered to be as fine or perhaps finer
than the sample milled to 90 % finer than 150 micron.

5.3.4., Discussion’

The comparatively small apparent increase in liberation
with decreasing particle size in even the sample milled to
90 % finer than 150 micron must be ascribed to the extremely
fine size of the clay minerals which form a significant
partion of the mineral content of this copal. These ctlay
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The density distribution of the thickener underflow sample

by size fraction.

FIGORE 5.6
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The density distribution of the four composite samples.

FIGURE 5.7
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minerals are syngenetic in origin and are thus intimately
intergrown with the coal matrix: extremely fine garinding
would be required to achieve liberation.

Less easy to explain is the marked concentration of the -25
micron fraction of all the samples into the intermediate
density range, and the comparatively small proportion of
material in this size fraction in the lower density range.
There are two possible explanations of this phenomenaon:

a) A heavier grganic component of the coal is concentrated
into this size fraction during size reduction. The peak in
the histograms of the -25 micron fraction corresponds
closely to the relative density range of the maceral
inertinite, suggesting that this maceral is preferentially
liberated into the ultrafine fraction during size reduction.

b) The -25 micron fraction contains a high proportion of
light middlings (as aoppaosed to heavy middlings in the range
1,6 to 1,75 R.D.). This would imply that during size
reduction light middling particles tend to be concentrated
in the ultrafine fractian. This fraction is therefore less
liberated than the other size fractions in that it contains

relatively fewer clean liberated coal particles,

Both of these possibilities will be examined in subsequent
sections (5.4.4. and 5.5.2.), after the washability and
petrographic washability characteristics have been
described.

5.4, Washability Characteristics of the Size Fractions
Because of the similarity of the density distributions of

the +25 micron size fractions of the milled samples it was
decided to reduce the number af size fractions investigated
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in subsequent analysis af these camples to three, namely
+150, -130+25 and -25 micron. Alsp the sample miltled to 60
% finer than 150 micron was not further investigated due to
the retatively <small changes in the density distributiaon
that occur when the size distribution is changed from 30 %

finer than 150 micron to 20 % finer than 150 micron.

Tables containing the detailed washability data of the
samples milled to 30 % and 90 % finer than 150 micron and
the thickener underflow are presented in Appendix D.

Tables D.1 to D.3 tist the actual data obtained from the
flopat and sink analysis of the +150, -150+25, and -25 micron
size fractions of the sample milled to 30 % finer than 150
micron. Table D.4 contains the washability of the entire
sample, reconstituted from the size fraction data. Fig 5.8
plots the cumulative yield versus cumulative ash content of
the various size fractions and of the composite sample.

Similarly, Tables D.5 to D.8 list the data for the sample
milled to 90 % finer than 150 micren, and Table D.9 to D.1?2
contains the data for the thickener underflow sample (note
that the thickener underflow was screened at 106 micron).
These data are plotted in Figs. 5.9 and S.10 respectively.

Fig. 5.1t presents a comparison of the washability curves of
the three composite samples.

S.4.1. Milled Samples

It may be seen from Figs. 5.8 and 5.9 that the -150+25
micron size fraction exhibits the best washability
characteristics oaver almost the entire range af product
grades for the samples milled to 30 % and 90 % finer than
150 micron. In each case the washability curve of the -25
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micron fraction lies above the curves of the other fractions
and that of the composite sample, for an ash content belouw
approximately & %. This implies that a Tower yield will be
obtained from the -25 micron fraction of a product with a
particular ash content less than 8 %, than from any of the
coarser size fractions. It is only for a product grade
greater than approximately 12 % ash that the -25 micran
fraction exhibits better washability characteristics than
the other fractions.

The washability curves can be compared most eaéi]y by
comparing the yields of coal of a particular grade that can
be obtained from each size fraction. The predicted yields
of coal of 7,4 % ash and 12,5 % ash for each of the samples
are presented by size fraction in Table 5.2. An ash content
of 7,4 % is a typical grade for low ash coal, while 12,5 %
ash was chosen as a convenient peoint in the high yield
region of the washability curves.

TABLE 5.2

The coal yield at 7,4 % ash and 12,5 % ash .for the three
samples by size fraction.

Sample Size Fraction(pm) Yield(%)
7,4 % Ash 12,5 % Ash

30 % . Composite 53,2 79,7
-150 +150 50,6 77,4
micron - ~-150+ 25 65,8 86,4
- 25 4?16 8493
90 % Composite 63,0 85,7
-150 _ +150 51,1 78,7
micron -150+ 25 64,3 85,4
- 25 49,5 88,0
Composite 52,5 84,8
Thickener +106 71,5 93,4
Underflow -106+ 25 70,3 88,6

- 25 41,8 73,9
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From Table 5.2 it can be seen that the milled samples show
the same relationship between yield and size fraction for a
particular grade of coal.

In the case of the low ash coal, the yield from the -150+25
micron size fraction 15 significantly higher than from the
+150 micron fraction. This is consistent with the
expectation of an increase in liberation with a decrease in
particle cize. However the vyield fraom the =25 micron
fraction is sharply lower, even lower than from the +150
micron fraction, uwhich 1i1s cantrary to expectation. This
fraction, being the finest fraction, would be expected tao be
the most liberated, producing the highest yield of low ash
coal.

In the case of the 12,5 % ash copnal, the vield increases as
the size fraction becomes finer, which confarms to the
expectation of an increase in the Jiberation of the finer

particle size fractions

5.4.2. Thickener Underflouw

The washability curves of the thickener underflow and its
size fractions are presented in Fig. 5.10. In this sample,
the curve of the =25 micron size fraction lies well above
the curves af the other size fractions over the entire range
of yields, indicating that the washability characteristics
of this fraction are considerably poorer in comparison with
the other size fractions for any product ash specification.
The +106 micran fraction exhibits slightly better
washability characteristics than the -106+25 micron fraction
up to 3 yield of approximately 80 %, Abgve this yield the
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+106 micron fraction i1is markedly better as a result of the
lower ash content of this size fraction.

The yields of coal at 7,4 % ash and 12,5 % ash of the
thickener underflow and 1its size fractions are also
presented in Table S5.2. For this sample the trend is the
same for both products: the yield decreases as the particle
csize f{fraction becomes finer, with a particularly sharp
decrease in the yield from the -25 micron fraction.

2.4.3. Composite Samples

A comparison of the washability curves of the three
composite samples is presented in Fig. 5.11. It can be seen
that the washability <curve of the composite thickener
underflow sample .is almost identical to that of the sample
milled to 90 % finer than 150 micron. It {s only in the
region of wvery Jlow ash coal that the thickener underflow
exhibits slightly improved washability characteristics. The
washability curve of the sample milled to 30 % finer than
150 micron lies above the curves of the other two samples,
indicating that the washability characteristics of this
sample are significantly poorer.,

An examination of Table 5.2 chous the extent of the
improvement of ithe washability characleristics of the sample

milled to 90 % finer than 150 micron over the sample milled

to 30 % finer than 150 micron. The yield of low ash coal
increases fram 53,2 to 63,0 % and the yield of 12,5 % ash
coal increases {from 79,7 to 85,7 %. This indicates, as
expected, an increase in liberatian on further size

reduction of the original sample.
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5.4.4, Interpretation of the Results

From Table 3.2 it can be seen that the thickener underflouw
exhibits a different trend to the two milled samples with
respect to yield of coal of a particular ash content. The
main difference is the yield of low ash coal from the coarse
fraction of the different samples. For the milled samples,
this vyield 1is wvery much lower than the vyield from the
intermediate size fraction. For the thickener underflouw
sample, the yield of low ash coal frem the coarse fraction
is slightly higher than the yield for the intermediate size
fraction. In fact the +106 micron size fraction of the
thickener underflow exhibits the best washability
characteristics of all the samples. This can be explained
by the wvery low ash content of this sample relative to the
other size fractions, as a result of the removal of coarse
unliberated gangue particles when the thickener underflow
was passed through the classifying cyclone on the plant.
Thus this size fraction has effectively been prewashed prior
ta the washability analysis.

The marked concentration of material in the intermediate
relative density range of the -25 micron size fraction of
all the samples was noted in section 5.3. This was ascribed
to a concentration into this fraction during size reduction
of either a heavy coal component (such as inertinite), or a
light middling material. The latter poscibility would imply
that the =25 micron size fraction is less Jliberated than the
other size fractions.

From Figs. 5.8 to 5.10 and Table 5.2 it can be seen that the
=25 micron size fraction of all the scamples gives a
significantly lower vyield of low ash coal than the other
gize fractions. This can anly be explained by a

concentration of middling material into the -25 micron size
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fraction. If the concentration of a heavier cosl component
was the only reason for the preponderance of intermediate
density material in the -25 micron size fraction, then the
yield of coal of a particular grade would either increase or
remain constant as the size fraction examined became finer.
Thus it appears fraom thece results that the =25 micron size
fraction is the least liberated size fraction.

While initially a3 lesser degree of liberation in the finest
size fraction appears to be 3 serious contradiction of
liberation theory, further consideration suggests that it is
certainly possible. "It is widely accepted that on fracture,
many coals separate from the assaociated higher ash bands and
intergrouwn impurities along the bedding planes (Sanders and
Brookes, 1986). MacGregaor (1983), during a study on the
cuttability of South African coals, observed that the amount
of mineral present in a coal significantly affected the
grindability of the coal: the higher the percentage of
mineral present in the cpal, the more easily grindable it
became . Taking these considerations 1into account, the
following reasan for the apparent decrease in the degree of
liberation of the -25 micron size fraction relative to the

other size fractions may be postutated.

Consider 38 large piece of run-of-mine coal that consists of
both pure coal, with no mineral inclusions, and cpal in
which there is a high percentage of extremely fine clay
particles intimately associated with the coal matrix. UWhen
such a8 particle is broken during a size reduction process,
it is wvery possible that the clean regions aof the particle
would tend to separate from the mineral impregnated regions
along the Bedding planes within the coal matrix. During
further size reduction, these pieces of clean coal would
tend to break into relatively coarse fragments due to their
higher siructural strength, with relatively 1little -25
micron material produced. The clay rich pieces of the
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original particle, with the matrix weakened by the clay
intrusions, wguld tend to break intoc a large number of very
fine fragments during further size reduction, of which a
substantial portion would tend to report to the -23 micron
fraction. Since many of the clay particles range from a few
microns to sub-micron in size (Stach, 1975), the fine
fragments formed from the mineral rich regions of the coal
would still remain substantially un)iberated.

Examination of petrographic photographs aof the coarser size
fractions of some of the samples indicated that there were a
large number of particles that wouid correspond to the
hypothetical particle discussed abaove, i.e. they contained
regions of relatively clean coal and regions where there was
a large concentration of ultrafine syngenetic mineral
inclusions.

Petrographic photographs of typical particles are shown 1in
Fige S5.12(a and b). Fig. 5.12(3) shows a particle from the
+150 micron size fraction of the sample milled to 30 % finer
than 150 micron. This shpows a large vitripite particle
(garey) with regiaons of clean coal and regions that contain a
high concentration of fine clay intrusions (brown flecks).
Fig. 5.12(b) chows particles from the -150+106 micron size
fraction of the same sample. This shows a clean vitrinite
particle (dark grey) alongside an inertinite particle (off-
Wwhite to tight grey). The inertinite particle contains a
large number of clay intrusions (dark flecks) distributed
evenly throughout the particle.

Due to the difficulty of carrying out petrographic
examination of -25 micron material, the presence of a high
proportion of fine middling particles in this fraction could
not be visually confirmed. Despite this, the apparent
decrease in the liberation of the -25 micron size fraction
relative to the <coarser fractions presents no logical
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FIGURE 5.12(a) Petrographic photograph of particles in the +150 micron
size fraction of the sample milled to 30 ¥ finer than
150 micron.

FIGBRE 5.12(b) Petrographic photograph of particles in the -150+106
micron size fraction of the sample milled to 30 % finer
than 150 micron.
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difficulties with respect to conventional liberation theory
if the factors discussed above are taken into account. This
implies that during size reduction of complex heterogeneous
material, such as this coal, the increase in the liberation
of the overall sample could be accompanied by a decrease in
the liberation of a particular fraction, in this particular
case the finest fraction.

5:5. Petrographic Analysis

This section presents the results of petrographic analyses
of the samples, some of the sample size fractions and some
of the relative density fractions of the size fractions.
All the analyses were performed by Falcon Research

Laboratories.

It should be remembered that the accuracy of the
petrographic analysis of a coal sample becomes limited if
the sample is too fine. In this work <considerable
difficulty was experienced in the analysis of -25 micron
material., Thus where petrographic analysis data of this
size fraction 1is presented, these wvalues can only be
considered as estimates, particularly with respect to the
distinction between reactive and non reactive inertinite.
The distinction between vitrinite and non- vitrinite in this

size fraction should be reasonably reliable.

All the petrographic analyses presented in this section,
maceral or microlithotype, are on the basis of the ratio of
the volume of a particular organic species to the total
volume of organic material in the sample, expressed as a
percentage.
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5.5.1. Petrographic Characterization of the Coal

The Witbank No 2 seam coal mined by the Greenside Colliery
is classified as a High Volatile Bituminous B blend coking
coal. The average rank, wvitrinite content and percent
reactives are presented in Fig. 5.13. Maceral analyses of
the samples milled to 30 % and 90 % finer than 150 micron
and of the thickener underflow, are presented in Table 5.3,

TABLE 5.3

Maceral analyses of the samples milled to 30 % and %0 %
finer than 150 micraon and of the thickener underflouw.

Inertinite

Sample Vitrinite Exinite Reactive Non-— Total
(%) (%) (%) reactive Reactive
(%) (%)
30% —-150pm 25,5 2,4 18,5 53,5 46,4
90% —-150pm 29,8 4,2 12,0 54,0 46,0
Thickener
Underflouw 31,3 1,6 14,4 52,7 47,3

The two milled samples were subsamples of the same original
run-of-mine material, so the maceral analyses of these two
samples should be the same. In Table 5.3 it can be seen
that the analyses shpow a small discrepancy with respect to
the amount of wvitrinite and reactive inertinite in the two
samples. However the percent reactives in both samples is
almost identical. The analysis of the thickener underflow
is very similar to that of the other two samples. In the
light of the small discrepancy between the two milled
samples, the differences in the maceral distribution of the
thickener underflow can be regarded as insignificant. Thus
for practical purposes the maceral distribution in all three
samples can be considered to be the same.
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The minerals present in the coal were predominantly clays,
which formed about 80 % of the inorganic material by volume.
These existed mostly as wvery small particles finely
distributed within the coal matrix (see Fig. S.12), The
balance of the minerals consisted mainly of <c¢arbonates.
Pyrite formed anly about 3 %X of the minerals present.

5:5.2. Petragraphic Analysis of the Size Fractians

The resultis of the petreographic analyses carried oul on
the size fractions of the two milled samples and on the
thickener wunderfiow are presented in Appendix E. For
petraographic analysié. the two milled samples were split
into five size fractiocns, npamely +150, -150+106, -106+53,
-53+25 and ~-2S5S micran. Since no marked differences were
abserved between the analyses of the three intermediate cize
fractions of the two miiled samples, the thickener underflou
was <split into only three size fractions, namely +106,
-106+25 and -25 micron.

The results of the analyses of the three samples are
presented graphically in Fig. 5.14 by size fraction. The
data in Fig. 5.14 have been presented as though they were
continuous in order tao facilitate comparison of the maceral
distribution of the size fractions of the three samples.

From Fig, 5.14 it can be seen that there 15 no marked
variation in the maceral distribution of the size fractiaons
above 25 micron in anpy of the samples. Houever all three
samples exhibit a decreacse in the vitrinite content of the
-25 micron fraction compared to the other size f{ractions,
with a corresponding increase in the inertinite content.
This decrease is most marked in the thickener underflouw,



FIGURE 5.14 The maceral
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content of the three samples by size fraction.
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where the vitrinite content of the -25 micron fracltion is
about half of that of the other size fractions.

The concentration of inertinite into the finest <cize
fraction during size reduction has also been observed by
Birtek and King (1986) in an investigation of the liberation
characteristics of a number of South African coals. It was
found that this phenomenom generally occurred.

It was argued above (section 5.4.4.) that the concentration
pf intermediate relative density material into the -25
micron fraction as observed in Figs. S.3 to 5.6 is due to
the concentration of fine midd)ling particies intao this
fraction. However the results of the petrographic analysis
of the size fractions of the three samples indicates that
there is also a concentration of inertinite inta the -25
micron fractiaon. Thus the concentration of intermediate
relative density material into the -25 micron size fraction
is the result of both a concentration of middling material
and inertinite into this size fraction.

5.5.3., Petrographic Washability Characteristics

As described in sectiaon 2.3.3.3., petrographic washability
analysis determines the maceral distribulion with respect to
relative density for a vparticular sample. For this
investigation petrographic washabilitly analyses were carried
out on the samples milled to 30 % and 90 .% finer than 150
micron and on the thickener wunderflouw. The two milled
samples were split into four size fractions, namely
-150+106, ~106+53, -53+25 and -25 micron. The thickener
underflow was split into three size fractions, namely +106,
-106+25 and -25 micron. Each of these size fractions was
split into five retative density fractions by heavy liquid
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separation, and a petrographic analysis was performed on
each of the relative density fractions.

The detailed results of these analyses are presented in
Appendix F. Maceral analyses were performed on all the
samples. In addition microlithotype analyses were performed
on the relative density fractions of the sample milled to
30 % finer than 130 micron and on the thickener underflow.
While the micrd]ithutype data of these samples are not
discussed in this thesis, the data are included in
Appendix F for completeness.

Figs. 5.15, 5.1¢ and 5.17 present the petrographic
washability curves of the size fractions of the samples
milled to 30 % and 90 % finer than 150 micron, and of the
thickener underflow, respectively. The maceral content is
plotted against the relative density for each of the size
fractions. Although the data were obtained by analysing
each individual relative density fraction, the data are
presented as though they were continuous for ease of
comparisaon.

The petrographic washability curves in Figs. 5.15 to 5.17
can be wused to assess the degree of liberation of the
organic constituents obtained during size reduction. The
degree of group maceral Tliberation is indicated by the
sharpness of the separation between the Tlighter coal
component (vitrinite, R.D. 1,3 to 1,35) and the heavier coal
components (inertinite, which includes reactive semifusinite
and macrinite).

5.5.3.1. Milled Samples

As may be seen from Fig 5.15, which shows the petrographic
washability of the size fractiocns of the csample milled to
30 % finer than 150 micron, there is a clear increase in the
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FIGORE 5.6

Petrographic washability curves of the sample milled to

90 ¥ finer than 150 micron by size fraction.
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FIGURE 5.17 Petrographic washability curves of the thickener underflowr
sample by size fraction.
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liberation of wvitrinite relative to the more dense
inertinite macerals as thé average particle size decreases.
The vitrinite content of the floats at relative density 1,39
is very high in all the size fractions, but as the average
particle size decreases there is a significant decrease in
the amount of wvitrinite present in the higher relative
density fractions.

It can also be seen that the exinite macerals, uwhich have a
relative density between 1,1 and 1,2, show no tendency to
concentrate in any particular density fraction, but remain
associated with the other macerals over the entire relative

density range.

The petrographic washability curves of the size fractions of
the sample mitled to 90 % finer ibhan 150 micron, shown in
Fig. 9.16, exhibit very much the same trend as that gbserved
in Fig. 5.15, However, in this cample the amount of
vitrinite present in the high relative density fractions of
the coarse size fractions has decreased as a result of the
further size reduction of the sample. Alsa the separation
of the vitrinite in Lhe -25 micron fraction is very sharp,
indicating that there 1is very good maceral liberation in
thics size fraction. Once again the exinite macerals remain
substantially unliberated, despite the tower average
particle size of the cample.

5.5.3.2. Thickener Underflow

The petrographic washability curves for the three scize
fractions of the thickener underflow sample are presenied in
Fig, S5.17. Unfortunately problems were experienced in the
analysis of the -25 micron fraction, so the curve thal bhas
been presented for this size fraction is of little value.
However in the other two size fractions it can be seen that
the wvitrinite liberation is wvery good, with a small but
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clear increase in the sharpness of the vitrinite separation
of the -106+25 micron size fraction relative to the +106
fraction. In both size fractions there 1is wvery little
vitrinite present in the relative density fractions above
1,35,

As observed in the milled samples, the exinite macerals
remain substantially unliberated.

3.5.3.3. Discussion

In the different cize fractions of all the samples, the
degree of liberation of the vitrinite is relatively high,
and it improves as the size fraction becomes finer. The
separation of the vitrinite in the thickener undeflow sample
ls particularly good, probably due to the relative fineness
of thie sample.

The wvery good vitrinite ceparation in the -25 micron
material indicates that although this size fraction contains
significantly less vitrinite than the coarser size fractions
(cee section 5.5.2), the vitrinite that is present ig very
well liberated. The fact that most of the vitrinite reports
to the Floats 1,35 relative density fraction suggests that
there 1is relatively Jlittle mineral associated with the
vitrinite. Thué. as suggested in section 5.5.2., the
middling particles ihat are concentrated into the -25 micron
size fraction consist predominantly of intimate associations
of inertinite and clay.

The concentration of inertinite into the -25 micron size
fraction is an apparent contradiction of the breakage
behaviour that is predicted by the physical praperties of
the inertinite and vitrinite group macerats. Inecrtinite is
tougher than vitrinite, and it would therefore be expected
that the vitrinite would be more 1ikely to concentrate into
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the —-25 micron fractiaon. However, 1if the minerals are
predaominantly associated with the inertinite macerals, this
would substantially reduce the sirength of these macerals
during size reduction. The relativeily clean vitrinite would
therefore be stronger than the inertinite-mineral

association.

The exinite macerals remain substantially unliberated in the
size fractions of all the samples. This is probably due to
the fact that the exinite macerals are much tougher than the
other maceral aroups, and they tend to increase the strength
of the coal bands in uwhich they are associated (Falcon,
1984) .

S«6. Quantitative Ascessment of Liberation

5.6.1. Introduction

As discussed 1in section 2.3.3.4., float and sink analysis
data can be presented in the form of an M-curve. The
cumulative percent yield is plotted against the product of
cumulative percent yield and cumulative ash content, this
product being termed ash per hundred units of feed (Dell,
1957) .

In this form, the data can be used to quantify the degree of
liberation of a particular sample. The method used was that
proposed by Birtek (19280) and used by Birtek and King (1984,
1986) in a sctudy of the Jliberation characteristics of a
number of South African coals.

The M-curve data for the size fractions of the two milled
samples and of the thickener underflow is presented in
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Appendix D. Each cset of data was fitted to a function of
the form (Birtek and King, 1984):

Y - A~X5-e°x + Mx (5!3)
Where: Y = Ash per 100 units of feed (0 io 1)
X = Yield (O to 1)
A,B,C,M = Function parameters (by nonlinear regrescion).

Least squares best estimates of the parameters A, B, C and M
were obtained by nonlinear regression analysis of the
experimental data. The function parameters and the sum af
the error squared for each set of data are presented in
Table 5.4. The data and fitted curves of the samples milled
to 30 ¥ and 90 % finer than 150 micran and of the thickener
underflow are presented in Figs. 5.18, 5.19 and 5.20 by size
fraction, respectively. A comparison of the M-curves of the
three composite samples is precsented in Fig. S.21.

It can be seen in Table 5.4 and in Figs. 5.18 to 5.20 that
equation (5.3) generally fits the data very well. For two
of the samples (-25 micron fraction of the 30 % sample and
the +106 micron fraction of the T/U sample) a relatively
high error was pbtained. This is due to the nature of the
function, which overestimates the Y values in the louw yield
region wWhen the ash content decreases very sharply in the
high yield reqion. However, an examination of Figs. 5.18 to
5.20 indicates that even in the worst cases, Equation (5.3)
fits the data adequately.
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TABLE 5.4

Curve fit parameters for Equation (5.3) for the scamples
milled to 30 % and 90 % finer than 150 micron, and for the
thickener underflow, by size fractiaon.

Sample Size A B C ™ Error?
Fraction (x10%)  (x10) (x10%) (x10%)
(micron)
30 % +150 31,14 5,671 2,082 -4,921 2,07
less -150+ 25 4,002 6,531 3,713 2,101 7,20
than - 25 0,2378 2,753 6,382 6,656 70,91
150 pm Composite 9,447 9,391 2,907 2,793 2,22
30 % +150 1,392 2,898 4,954 4,349 15,24
less -150+ 25 2,894 4,145 4,108 1,914 6,41
than - 25 0,1028 16,42 7,161 7,336 4,66
150 um Composite 00,6926 4,466 5,411 4,704 12,01
Thick- +106 0,4406 3,924 5,585 4,056 69,20
ener -106+ 25 0,3156 2,203 6,231 3,846 16,47
Under- - 25 2,339 8,169 4,455 5,848 92,54
flow Composite 00,9808 4,524 5,111 4,314 10,93

The slope of the M-curve gives the instantaneous @grade:
differentiating equatiaon (5.3) gives:

Ash content = %% = A.efY (C.X® + B.X°"!') + M (5.4)
At X = O:

ay

I = ” .

X (5.95)

Therefore the function parameter M i1s the lowest ash content
of cgcal concentrate, and represents a limiting value for any
coal particle. In Table 5.4 it can be seen that the values

of M vary between 1,9 and 7,3 percent. The negative wvalue
of M for the +150 micron size fraction of the sample milled
ta 30 % finer than 150 micron, while no problem

mathematically, is clearly physically impossible. It was
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decided not to force the parameter M to be positive in the
curve fitling routine, as the best possible curve fit was
required for the liberation efficiency calculations.

As expected from the results already presented in this
chapter, the values of M for the -25 micron size fraction of
each of the samples is considerabty higher than the values
far the other cize fractions, indicating that the particles
in this size fraction have a considerably higher minimum ash
content than the coarser size fraclians.

5:6.2. Liberation Efficiency of the Samples

The liberation efficiencies of the {hree samples were
calculated using the method described in section 2.3.3.4.
These values are presented in Table 5.5 by size fraction.
For purposes of comparison, the ash cantent and the yield of
low ash coal (7,4 % ash; cf Table 5.2) have also been
included.

In Table 5.5 it <can be seen that, .as expected, the
liberation efficiency of the composite sample milled ta 90 %
finer than 150 micron is greater than that of the composite
sample milled to 30 % finer than 130 micron. However the
increase in the liberation efficiency is aonly 7,03 percent,
despite the substantial decrease in the mean particle size
of the sample. The liberation efficiencies of the thickener
underflow and the sample milled to 90 % finer thapn 150
micron are almost exaclly the same.

The liberation efficiencies of the size fractions of the
three samples do naot follow any clear trend. In the sample
milled to 30 % finer than 150 micron, the liberation
efficiency of the coarse size fraction is the lowest. The
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liberation efficlencies of the intermediate and -25 micron
size fractions are very close, with the former <slightly
higher. The size fractions of ¢the thickener underflow
follow the same trend. In the sample milled to 90 % finer
than 150 micron, however, the coarse size fraction has the
highest liberation efficiency. The liberation efficiencies
of the intermediate and -25 micron fractions are again very
similar, with the former slightiy higher.

In each of the samples, the liberation efficiencies of the
-25 micron size fractions are higher than expected in the
light of the ppor washability characteristics exhibited by
these fractions.

TABLE 5.5

Liberation Efficiency, ash content and yield of iow ash coa)
(L.A.C., 7,4 % ash) of the samples milled to 30% and 90%
finer than 150 micron, and of the thickener underflow, by
gize fraction.

Size Liberation Ash L.A.C.

Sample Fraction Efficiency Content VYield
(micron) (%) (%) (%)
+150 55,20 20,4 50,6
30 % less -150+ 25 61,74 16,8 65,8
than 1350 pm - 25 60,14 20,8 47,6
Composite 56,91 20,1 93,2
+150 67,62 24,1 51,1
90 % less -150+ 25 64,472 19,5 64,3
than 150 pm - 25 63,06 20,6 49,5
Composite 64,00 20,72 63,0
+106 59,29 16,0 71,5
Thickener -106+ 25 69,75 19,9 70,3
Underflow - 25 66,69 26,0 41,8

Composite 64,63 20,6 62,5
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5.6.3. Discussion

The definition of liberation used in the analysis of most
minera3l systems was discussed in cection 2.3.1. This was
the definition first proposed by Gaudin (1939), in which the
degree af liberation of a certain mineral was defined as the
percentage of that mineral occurring as free particles in

relation to the total of that mineral occuring in free and

locked farms. In section 2.3.1. it uas\pointed out that
according to this definition, the degree of liberation of
most Sauth African coals would be zero, even after

considerable size reduction.

For coal, where a‘product of a specific grade is required, a
sample with no liberation by Gaudin’s definition could give
a very high yield of saleable product. Thus the analysis in
thiec cection is an attempt to compare the samples by their
degree of "partial liberation"., However this does not take

into account the nature of the liberation that is occurring.

Two samples of coal could both be 50 % partially liberated,
Wwith the ane sample containing 50 % ash—-free coal and 50 %
unliberated particles, while the other sample contains 100 %
partially liberated particles. The yield of a particular
product from each of these samples could be very different,
particularty in the production of L.A.C.

This effect is apparent when the liberation efficiencies of
the -25 micron size fractions are examined. The relatively
high liberation efficiency of the -25 micron size {fraction
of each of the samples appears to contradict the relatively
poor washability characteristics exhibited in each case by
this size fraction. However an examination of Figes 5.8 to
5.10 and Table 5.2 shows that it is only in the production
of low ash coal that the -25 micron samples exhibil poor
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washability characteristics. For a coal product of 12,5 %
ash, wvery high yields are possible. Thus the -25 micron
fraction contains relatively few heavy middling particles, a
large proportion aof )light middlings and free ash, and very
few clean coal particles.

The comparison of the liberation efficiencies of the samples
is further complicated by the influence of the feed ash of
each of the scamples. If twa samples have & liberation
efficiency of 50 %, the first with a feed acsh of 20 % and
the second with a feed ash of 30 %, the yield of coal of a
particular grade will again be very different. Thus for a
camparison of the liberation efficiencies of two samples ta
be meaningful, their feed ash must be about the same.

It can be concluded that quantifying the liberation of a
sample by =size fraction using this method yields little
useful information. 1t can however be used to quantify the
degree of liberation as the mean particle size of the sample
is reduced.

5.7, Ash Content as a Function of Relative Density

As discussed in section 2.3.3.5, if coal was considered to
consist of a single coal component and an ash component, the
relaticonship between ash content and the inverse of relative
density would be linear. However it has been shouwn
(Panopoulos and King, 1983 Birtek and King, 1984, 1988)
that Sguth African coals typically cshow a relationship
between ash and relative density that is best fitted by two
straight lines. This is best explained by considecing the
coal particle as a three component sysiem, consisting of one
ash cemponent and two coal components. This can be
accounted far by the presence of significant amounts of both

vitrinite and inertinite in many Sauth African coals.
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Since Greenside No 2 seam coal typically consists of an ash
to/vitrinite to inertinite ratio of 15:25:460 (volume basis),
it can be expected that the relationship between ash and

inverse relative dencity for this coal will alsg be well
represented by two straight lines.

The data and fitted lines of the samples milled to 30 % and
90 % finer than (50 micron and of the thickener underflouw
are presented in Figs. 5.22, 5.23 and 5.24 by size fraction,
respectively. A comparison of the three composite samples
is presented in Fig. 5.25.

The tinear regression coefficients for each of the samples
and the predicted relative densities of the different coal,
ash and mineral fractions (see egquations 2.3, 2.4 and 2.5 in
section 2.3.3.5.) are presented in Tables 5.6 and 5.7 by
size fraction, respectively. The predicted relative density
of the mineral matter was calculated using a mineral matter
ta ash ratiao of 1,16 (Savage, 1967).

5.7.3. Discussian

From an examination of Figs. 5.22 to 5.24, it is apparent
that the data can be well represented by two straight lines.
The correlation coefficients, presented in Table 5.4, are in
most cases very high.

In order to explain the scatter of some of the data, it is
necessary to point out that a point on the graph represents
the ash content of material that contains particles with a
range of relative densities. Conversion of the discrete
data to continuous data by taking the arithmetic mean of the
relative density range could lead to error where the density
interval is Jarge, or wWwhere the distribution of particle
densities ip a particular range is uneven.
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Linear regression coefficients

density wvs

percent

IR

TABLE 5.6

data.

represented by two straight lines,

of the graph and one

the
Each

for

Inverse
set
in the

of relative

of data 1is
low ash region
in the high ash region of the graph.

Low Ash Region

Size
Sample Fraction Intercept Slope Correlation
(micron) Coefficient
+150 63;5 _78)0 _0.949
30 % less -150+ 25 53,4 -65,9 ~0,972
than 150 um - 25 60,3 -75,3 -0,964
Composite 63,5 -78,7 -0,998
+150 65,4 -79,9 -0,998
90 % less -190+ 25 64,3 -81,0 -0,%88
than 150 um - 25 19,6 -17,3 -0,%984
Composite 46,3 -55,8 -0,990
+106 75.8 —95|6 ~00984
Thickener -106+ 25 60,9 ~76,2 -0,970
Under{low - 25 42,6 -50,2 -0,980
Composite 44,0 -52,6 -0,?78
High Ash Region
Size
Sample Fraction Intercept Siope Correlation
{(micron) Coefficient
+150 187,3 -257,9 -0,997
30 % less -150+ 25 211,0 -2%99,3 -0,981
than 150 pm - 25 159,5 -219,7 -0,998
Composite 194,0 -268,6 -0,998
+150 135.4 '180;5 _0»989
90 % less -150+ 25 180,8 -249,0 -0,997
than 150 pm - 25 2726,6 -324,6 -0,998
Composite 193,7 -270.4 -0,992
+106 199,6 -280,0 -0.975
Thickener -106+ 25 215,9 -304.3 -0,942
Underfiow - 25 262,8 -378,1 -0.997
Composite 209,6 -293,0 -0,993
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TABLE 5.7

Predicted relative density of the light coal fractien(Sqi.),
the heavy coal fraction (Sgn:.), the ash (8g.) and the
mineral matter (S5ga). Sgs w3s calculated by assuming a
mineral to ash ratio of 1,186 (Savage,19467).

Size
Sample Fraction Sair . San . S4q. Sds
(micron)
+130 1,228 1,377 2,953 2,551
30 % less -150+ 25 1,233 1,400 2,661 2,367
than 150 pm - 25 1,248 1,377 3,690 2,996
Composite 1,240 1,385 2,857 2,493
+150 1,221 1,333 5,099 3,669
90 % less -150+ 25 1,260 1.377 3,082 2,632
than 150 pm - 25 0,883 1,432 2,564 2,311
Composite t,205 1,396 2,886 2,516
+106 1,261 1,403 2,811 2,470
Thickener -106+ 25 1,252 1,40% 2,626 2,346
Underflow - 25 1,177 1,43% 2,322 2,141
Composite 1,196 1,398 2,673 2,357

The <lope of the high ach line will be strongly influenced
by the ash content at the highest retative density. However
it is not possible to plot this as the density of the
fraction is unknown. This can explain the difference in the
slope of the high ash line of come of the size fractions.
It is probably incorrect to interpret the differences in the
slope of the high ash line as indicating a change in the
relative density of the mineral matter for a particular size
fraction.

In Table 5.7 it can be seen that the values predicted for
the relative densities of the light and heavy coal fractions
correspond closely in most cases with the relative densities
of lhe macerals wvitrinite and 1inertinite. The retative
density of the mineral fraction generally falls well within
the expected range, considering that the coal is
predominantly clay, with some carbonates and quartz precent.
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CHAPTER 6

CONCLUSIONS

This chapter gives a summary of the main conclusions that
can be drawn from the results of this investigation.

6,1. New Flpat and Sink Technique

A new apparatus and technique have been developed for the
float and sink analysis of fines, to replace the present
tedious and sometimes inaccurate methods of analysis. The
method is rapid and accurate, and requires only a small
amaunt of sample. Its application is not limited to coal,
but its use should extend to all float and sink separalions
of material down to a few micron in size.

6.2« Liberation Charactericstics of Greenside No 2 Seam Coal

The new device and meithod were used tn determine the
liberation characteristics of two samples of Greenside coal.
The liberation behaviour of the thickener underflow sample
(naturally arising fines) corresponded closely to that of
the milled samples, decpite the significant difference in
their respective size. and size versus ash, distributions.

While an increase in the milling time resulted in an
increase in the liberation of the milled samples, the change
was quite small. None of the samples exhibited a high
degree of \liberation; even the finest samples contained a
high proportion of middling material. Thus decpile Lhe fact
that both the sampie milled to S0 % finer than 150 micron
and the thickener underflow sample show a potential yield of
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63 % low ash coal, the high proportion of middling material
present indicates that efficient and seleclive separation of
a low ash product would be extremely difficult by 3 process
such as flotation.

In the size fractions of the three samples, the distribution
of lhe wvarious inorganic ard organic components was
relatively <cimilar, except in the finest fraction. The
distribution of the wvarious <coal components in the =29
micron size fraction was in each case markedly different to
that of the other size fractions. This fraction exhibited a
concentration of both ash and inertinite, with a
corresponding decrease in the concentration of vitrinite.
The -25 micron fraction alsp exhibited significantly poorer
washability characteristics, indicating that in each case
this was the least liberated size fraction.

This can be explained by the tendency of the fine clay
inclusions to be associated with the inertinite. These
inclusions would tend to weaken the coal matrix, resulting
in the formation of wvery fine particles during size
reductian. These particles tend to report to the {finest
size fraction. The <cleaner wvitrinite particles, less
weakened by mineral inclusions, form Jlarger fragments.
Despite the fine size of the inertinite fragments that are
formed, the particles remain' substantially unliberated due
to the extremely fine size of the associated clay.

Maceral liberation was good in all the samples, particularly
in the -25 micran size f{fraction. This 1indicates that
selective sceparation of the different coal macerals for
specific technotogical applications is possible provided a
suitable technique can be found.

The definition of 1liberation efficiency employed in this
thesis is useful for evaluating the change in libecation as
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a particular sample is reduced in size. However it is of
limited use in comparing two different camples, or size
fractions of a sample, for two reasons:

(a) The ash content of the two samples must be wvery
similar for the comparison to be meaningful.

(b) The liberation efficiency is effectively a measure of
the "partial liberalion" of the sample. This does not take
into account the type of liberation that has occured, and
therefore can be of little help in assessing the
beneficiation polential of the coal.

The relationship betlween ash and relative density can be
well represented by {wo straight lines, indicating that this
ceal can be well modelled as a three component sysiem, i.e.
a light coal component, a heavy coal component and an ash or
mineral component. The predicted relative densities of the
two coal components were wvery reasonable, carrespanding
closely to the relative density of vitrinite and inertinite.
flost of the predicted mineral relative densities were
between 2,3 and 2,6, which is the relative density range of
the clay minerals, the predominant mineral in the coal.

From this investigation it is clear that appreciable
liberation will only be achieved by arinding significantly
finer than the ceal investigated in this thesis, which
consisted of the naturally arising fines discard and copal
milled to a similar degree of fineness. This implies that
in order to produce a low ash product, furiher miilling of
the naturally arising fines would be required.
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APPENDIX A

PARTITION CURVE DATA FOR THE COMPARISON OF THE TWO FLOAT AND
SINK TECHNIQUES

Table A.t

Partition curve data of Sampie | (Figure 3.5) obtained
independently using twog different float and sink techniques:
a double column gravitational technique (Prof. King,
University of the Witwatersrand), and ithe new technique.

Mean Overflow Underflow

Reconst Partition
Relative Fract. VYield Fract. VYield -ituted

Yield Yield Factor
Density (%) (%) Feed (%)

Double Column Float and Sink Technique

1,319 8,38 4,50 2,24 1,03 5,54 81,32

1,359 7,52 4,04 2,45 1,14 5,18 78,08
1,398 6,89 3,70 2,32 1,07 4,78 77,51

1,440 16,63 8,94 7,43 3,44 12,38 72,24
1,480 13,33 7,27 712 3,29 10,57 68,82

1,519 9,67 5,20 8,28 3,83 9,02 57,59
1,561 5,88 3,16 6,23 2,88 6,04 52,30
1,602 4,19 2,25 6,04 2,79 5,04 44,65
1,840 1,74 0,94 4,02 1,86 2,79 33,50
1,679 0,78 0,42 3,08 1,43 1,85 22,77

S1,679 1,84 0,99 44,92 20,77 21,76 4,355
Whale 100,00 53,75 100,00 46,25 100,00 -

New Flaat and Sink Technique

F1,264 0,76 0,41 0,17 0,08 0,49 83,70
1,303 26,89 14,45 7,85 3,63 18,08 79,90
1,374 17,84 9,59 4,73 2,19 11,78 81,40

1,431 19,33 10,50 7,71 3,57 14,07 74,60
1,483 16,67 8,96 11,06 5,12 14,08 63,60
1,533 8,356 4,60 8,01 3,70 8,30 33,40
1,587 5,25 2,82 6,62 3,06 5,88 48,00
1,656 2,32 1,35 8.18 3,78 5,13 26,30
S1,694 1,98 1,06 45,67 21,12 22,18 4,80
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Table A.2

Partition curve data of Sample 2 <(Figure 3.6) obtained
independently using two different float and sink techniques:
a double column gravitational technique <(Prof. King,
Universitly of the Witwatersrand), and the new technique.

Mean Overflow Under flow

Reconst Partition
Relative Fract. VYield Fract. VYield -ituted

Yield Yield Factor
Density (%) (%) Feed (%)

Double Column Float and Sink Technique

- 13,08 7,05 4,358 2,11 2,16 76,96
1,319 18,71 10,08 6,49 2,99 13,08 77,10
1,361 7,56 4,07 3,39 1,57 3,64 72,24
1,399 9,18 4,95 4,24 1,96 6,91 71,66

1,436 14,89 8,02 7.34 3,39 11,41 70,32
1,479 17,01 9.16 10,37 4,78 13,95 65,71

1,522 7.97 4,30 7,38 3,40 7,70 55,80
1,561 4,91 2,65 9,04 4,17 6,82 38,84
1,601 2,31 1,24 3,95 1,82 3,06 40,56
1,637 1,85 1,00 3,47 1,60 2,60 38,42
1,676 0,49 0,26 3,28 1431 1,78 14,88
S1,676 2,04 1,10 36,46 16,81 17,91 6,14

Whole 100,00 33,82 100,00 46,11 100,00 -

New Float and Sink Technique

F1,302 10,70 3,77 2,81 1,30 7,07 81,60
1,327 21,17 11,41 6.04 2,79 14,20 80,35
1,377 17,37 9,36 5,97 2,75 12,11 77,30
1,427 14,83 7,99 8,73 4,03 12,02 66,350
1,469 10,23 35,51 7,54 3,48 8,99 61,30
1,511 12,42 6,69 9,58 4,42 11,11 60,20
1,358 6,60 3,56 8,06 3,72 7,28 48,90
1,609 3,16 1,70 6,90 3,18 4,88 34,80

S1,637 3,52 1,50 44,37 20,46 22,36 8,50
Whole 100,00 53,89 100,00 46,11 100,00 -
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Table A.3

Partition curve data of Sample 3 (Figure 3.7) obtained
independently using two different float and sink techniques:
a doublte column gravitational technique (Prof. King,
University of the Witwatersrand). and the new technique.

Mean Overflou Underflou

Reconst Partiticn
Relative Fract. VYield Fract. VYield -ituted

Yield Yield Factor
Density (%) (%) Feed (%)

Doubte Column Float and Sink Technique

- 9,41 4,95 0,18 0,09 5,04 98,26
1,333 28,26 14,87 6,29 2,98 17,85 83,30
1,394 12,37 6,51 7,81 3,70 10,21 63,77
1,436 13,73 7,22 6,18 2,93 10,15 71,16
1,475 15,59 8,20 8,14 3.86 12,26 68,02

1,516 9,52 4,85 92,14 4,33 9,18 52,85
£,555 5,20 2,73 10.25 4,86 7,59 36,03
1,595 2,20 1,16 6,51 3.09 4,24 27,25
1,639 1,10 0,58 5.44 2,58 3,15 18,31
1,680 0,59 0,31 2,82 1,33 1,64 18,78
$1,680 2,34 1,23 37,25 17,65 18,89 6,53

Whole 100,00 52,61 100,00 47,39 100, 00 -

New Flioat and Sink Technique

F1,341 30,30 15,94 0.71 0,34 16,28 97.%0
1,357 7,81 4,11 4,45 2,11 6,22 66,10
1,393 10,64 5,60 6,37 3,02 8,62 65,00
1,437 18,69 9,83 6,48 3,07 12.90 76,20
1,478 11,56 6,08 8,96 4,25 10,33 58,90

1,514 8,22 4,372 922 4,37 8,69 42,70
1,532 4,853 2,35 7,02 3,33 5,88 43,40

S1,371 7,93 . 4,17 56,79 26,91 31,08 13,40
Whole 100,00 52,61 100,00 47,39 100,00 -
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APPENDIX B

SIZE DISTRIBUTION DATA

TABLE B.]

The size distribution of the four samples.

Screen Size Cumulative Weight aof Sample lescs than a
(pm) Particular Screen Size (%)
30% 60% 0% Thickener
-150 pm -150 pm -150 pym Underfilouw
250 39,5 88,1 100,0 81,5
150 29,5 63,2 92,3 72,4
106 23,2 51,5 71,9 63,7
75 18,4 42,5 58,2 54,8
53 15,0 35,2 47,2 47,2
38 12,9 29,9 41,9 41,7
25 9,9 23,8 32,0 34,9
TABLE 8.2

The ash content of the size fractions of the four samples.

Size Ash Content (%)
Fraction (pm)
30% 60% S0% Thickener
-150 pm -150 pm -130 pm Underflow
+250 22,7 26,3 16,3
-250+150 19,1 24,0 24,1 17,6
-150+]106 19,3 21,0 28,3 17,3
-106+ 75 19,0 20,3 20,5 18,6
- 75+ 53 19,1 19,8 20,0 19,3
- 53+ 38 18‘7 1904 18,1 20;9
- 38+ 25 19,1 19,3 19,1 22,6
- 25 23,3 22,7 22,1 26,0

Compocite 21,7 22,4 22.6 21,0
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APPENDIX C
DENSITY DISTRIBUTION DATA
TABLE C.1
Percent floats in each relative density interval of the size

fractions of the cample milled to 30 % finer than 150
mMicron.

Size Fraction (micran)

Relative +150 -150 -106 =75 -53 -38 -25
Density +106 +75 +53 +38 +25

Floats 1,35 17,7 17,0 16,1 16,2 15,3 13,0 4,8
1,35~1,40 7,7 13,8 13,2 12,3 14,6 14,2 8.6
1,40-1,45 16.4 15,6 16,3 17,7 16,1 16,1 13,4
1,45-1,50 12,3 17,2 13,2 13,0 13,0 15,1 20,4
1,50-1,55 8,1 4,8 7,6 6,8 8,0 9,1 17,2
1055_1|60 5.0 3;8 596 6,3 6|3 5,7 9;2
1,60-1,65 4,4 6.4 5,3 4,9 5.1 3,9 4,4
1;65_1070 3;9 4.0 3;5 3,4 3,0 2.9 2,3
1,70-1,73 3,2 1,7 2,5 2,2 1.1 2,0 1,8
Sinks 1,75 21,3 15,7 16,7 17,2 17,5 18,0 17,9

TABLE C.2

Percent floats in each relative density interval of the size
fractions of the cample wmilled to 60 % finer than 150
micron.

Size Fraction (micran)

Relative +130 -150 -106 -75 -53 -38 -25
Density +106 t75 +33 +38 +25
Floats 1,35 14,8 14,0 15,2 14,2 16,4 ) 3,7
1,35-1,40 11,3 14,5 14,3 14,3 9,6 12,7 2,6
1,40-1,45 15,1 13,8 14,3 13,7 14,0 16,5 13,3
1,45-1,50 12,7 11,7 12,3 11,3 16,9 15,3 21,5
1,50-1,55 6,4 2,1 9,0 10,73 8,4 9.1 16,1
1,55-1.,60 5,4 6,9 6,2 6.1 6,5 5,6 10,3
1|60_1|65 4|3 3;7 4.3 4’0 317 3;5 4|0
1,65-1,70 3,1 2,2 3,1 3,0 2,3 2,4 2,3
1;70_1,75 1;9 2;3 llg 2.4 2.1 1|8 1;7
Sinks [,75 25,0 21,8 19,4 20,1 20,1 21,4 19,0
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TABLE C.3
Percent flpoats in each relative density interval aof the size
fractions of the sample milled to S0 % finer than 150
micron.
Size Fractian (micron)
Relative +150 -15¢Q -106 -75 -53 -38 -25
Oencity +106 +75 +53 +38 125
Floats {,35 16,2 17,2 16,5 17,0 17,3 13,1 5,8
1,35-1,40 15,2 13,0 13,2 14,1 13,5 15,4 9.1
1,40-1,45 14,4 14,9 17,3 15,2 16,4 17,6 18,3
1,45~1,50 10,6 12,9 11,8 13.6 13,7 14,1 21,7
1.50_1p55 6‘9 8|7 8;1 8;0 9;2 1306
1,55-1,60 4,4 5,6 5,9 5,6 4,7 6,6
1,60~1,65 3,6 4,1 4,1 3,3 3,8 3,1
1,65-1,70 3,0 3,0 2,4 2,5 2,6 3,0
1,70"1,75 1.8 2.1 212 2.3 2,0 2|O
Sinks 1,75 23,9 ] 17,7 17,4 17,4 17,5 16,8
TABLE C.4
Percent floats in each relative density interval of the size

fractions of the thickener

ynderflow scample.

Size Fraction (micron)

Relative +106 ~-106 -25
Density +25

Floats 1,35 24,8 18,6 5,2
1,35-1,40 12,3 11,6 8,1
1,40-1,45 13,7 15,7 13,0
1,45-1,50 14,6 16,6 16,0
1,50-1,55 2.6 10,8 15,2
1,55-1,60 6,6 4,9 12,7
1,60-1,65 4,6 2.4 5,5
1965_1o70 209 Ic8 200
1,70-1,75 1,7 1,5 1,3
Sinks 1,75 9,2 16,1 21,0
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APPENDBIX D

WASHABILITY DATA

TABLE D.1

Washability data for the +1350 micron size fraction of the
sample milled Lo 30% minus 150 micron.

Relative Yield Cum. Cum. Ash Ash Ash per
Density (%) Yield Content Contenl 100 Units
(%) (%) (%) of Feed
Floats 1,28 0,0 0,0 - - -
1,280-1,340 13,27 13,27 3,62 3,62 0,48
1,340-1,381 6,45 19,72 4,72 6.98 0,93
1.,381-1,434 18,99 38,71 6,17 7,68 2,39
1,434-1,482 10,65 49,36 7,19 10,90 3.55
1,482-1,524 7,84 57,20 8,20 14,56 4,69
1,524-1,562 7,11 64,31 9,56 20,50 6,15
1,562-1,606 7,77 72,08 11,24 25.14 8,10
1,606-1,750 9,63 81,71 13,85 33,39 11,32
Sinks 1,75 18,29 100,00 20.40 49,466 20,40
TABLE 0.2

Washability data for the ~150+25 micron size fraction of the
sample milled to 30 % finer than 150 microa.

Relative Yield Cum. Cum. Ash Ash Ash per
Density (%) Yield Content Content 100 Units
(%) (%) (%) of Feed

Fioats 1,28 0,0 0,0 - - -
1,280-1,340 14,97 14,97 2,74 2,74 0,41
1,340-1,381 7,98 22,95 3,79 5,76 0,87
1,381-1,431 13,81 36,74 4,71 6,24 1,73
1,431-1,486 19,17 55,93 95,90 8,18 3,30
1,486~1,524 7,45 63,38 7,07 15,85 4,48
1,524-1,562 6,86 70,24 8,04 17,00 5.65
1,562-1,606 4,24 74,48 2,13 27,19 6,80
1,606-1,750 11,34 85,82 12,45 34,26 10,69

Sinks 1,75 14,18 100,00 18,46 54,83 18,46



D-2

TABLE D.3

Washability data for the -25 micron size fraction of the
sample milled to 30 % finer than 150 micron.

Relative Yield Cum. Cum.: Ash Ash Ash per
Density (%) - Yield Content Content 100 Units
(%) (%) (%) of Feed
Flpats 1,28 0,0 0,0 - - -
1,280_1|387 l0030 10130 4117 4;17 0143
1,387-1,44/| 16,78 27,08 9,50 6,32 1,49
1,44t~-1,482 17,63 44,71 7,02 2,35 3,14
1,482-1,524 16,23 60,90 8,70 13,33 5,30
1,524-1,569 9,29 70,23 2,90 17,77 6,95
1,569-1,606 7,40 77,63 10,91 20,39 8,47
1,606-1,730 8,97 86.60 12,77 28,95 11,06
Sinks 1,75 13,40 100,00 20,80 72,70 20,80
TABLE D.4

Washability data of the sample milled to 30 % finer than 150
micron (reconstituted from the size fraction data).

Relative Yield Cum. Cum. Ash Ash Ash per
Density ) Yietd Content Cantent 100 Units
(%) (%) (%) of Feed
Floats 1,28 0,0 0,0 - - -
1,28-1,35 13,9 13,9 3,54 3,54 0,49
1,35-1,40 10,7 24,6 4,78 6,39 1,18
1,40~-1,45 16,9 41,5 6,15 8,14 2,25
1,45-1,50 12,6 54,1 7,44 11,69 4,02
1,50-1,55 10,1 64,2 9,09 17,93 5,84
1,55-1,60 7,9 72,1 10,65 23,33 - 7,68
1,60-1,65 0,2 77,3 11,88 28,93 9,18
1,65~-1,70 3,4 80,7 12,84 34,67 10,36
1,70-1,75 2.3 83,0 13,52 37,38 11,22
Sinks 1,75 17,0 100,90 20,06 52,05 20,06
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TABLE D.5

Washability data for the +150 micran size fraction of t{he
sample milled to 20 % finer than 150 micron.

Relative Yield Cum. Cum. Ash Ash Ash per
Density (%) Yield Content Content 100 Units
(%) (%) (%) 0f Feed
Floats 1.28 0,0 0,0 ~ - -
1.280"1]340 20.16 20916 4151 4|51 0’91
1,340-1,389 7,89 28,05 5,13 6,71 1,44
1,389-1,431 12,89 40,94 6,30 8,85 2,58
1,431-1,485 14,15 55,09 7,20 12,53 4,35
1,520-1,570 5,95 65,32 9,23 17,31 6,03
1,570~-1,604 3,82 69,14 9,89 21,18 6,84
1,604-1,750 8,61 77,75 11,96 28,58 9,30
Sinks 1,75 22,25 100,00 24,10 66,52 24,10
TABLE D.6

Washabilitly data for the —-150+25 micron size fraclion of the
sample milled tg 90 % finer than 150 micron.

Relative Yield Cum. Cum. Ash Ash Ash per
Density (%) Yield Content Content 100 Units
(%) (%) (%) of Feed
Floats 1,28 0,0 0,0 ~ - -
1,280~1,340 15,62 15,62 2,62 2,62 0,41
1.340-1,389 10,84 26,46 3,40 4,52 0,90
1,389-1,431 17,42 43,88 4,85 7,05 2,13
1,431-1,485 10,14 54,02 5,74 9,59 3,10
1,485-1,520 11,03 65,05 7,49 16,06 4,87
1,520-1,570 9,3] 70,36 8,40 19,55 5,21
1,570-1,604 4,46 74,82 2,28 23,16 6,94
1,604-1,750 8,54 83,36 11,67 32,61 9,73

Sinks 1,75 16,64 100,00 19,54 58,97 19,54
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TABLE D.7

Washability data for the -25 micron size fraction of the
sample milled to 90 % finer than 150 micron.

Relative Yield Cum. Cum. Ash Agh Ash per
Density (%) Yield Content Content 100 Units
(%) ) (%) of Feed
Floats 1,28 0,0 0,0 - - -
1,280-1,345 5,06 5,06 6,52 6,52 0,33
1,345-1,390 7,45 12,51 6,71 6,84 0,84
10390_19437 14|62 27»13 7,04 7932 1,9]
1,437-1,486 22,55 49,68 7,41 7,86 3,68
1,486-1,524 15,60 65,28 8,35 11.34 5,45
1,524-1,570 9,99 75,27 9,35 15,88 7,04
1,570-1,610 5,73 81,00 10,30 22.78 8,34
1,610-1,750 4,01 85,01 11,39 33,41 2,68
Sinks 1.75 14,99 100,00 20,57 72,63 20,57
TABLE D.8

Washabilitly data of the sample milled to 90 % finer than 150
micron (reconstituled from the size fraction data).

Relative Yield Cum. Cum. Agh Asch Ash per
Density (%) Yield Content Content 100 Units
(%) (%) (%) of Feed
Floats 1,28 0,0 0,0 - ~ -
1,28-1,35 14,1 ta,1 4,00 4,00 0,56
1,35-1,40 11,6 25,7 4,866 5,47 1,20
1,40-1,45 17,7 43,4 5,74 7,31 2,49
1,45-1,50 15,8 59,2 7,25 11,39 4,29
1,50-1,55 10,1 69,3 8,50 15,78 5,89
1,55-1,60 6,3 75,6 9,62 21,94 7,27
1,60-1,65 3,7 79,3 10,43 26,98 8,27
1,65~1,70 2,4 81,7 11,02 30,51 9.00
1,70-1,75 1,8 83,5 11,62 38,85 2,70
Sinks 1,75 16,5 100,0 20,23 63,68 20,23
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TABLE 0.9

Washability data for the +106 micron size fraction of the
thickener underfliow sample.

Relative Yield Cum. Cum. Ascsh Ash Ash per
Densilty (%) Yield . Content Content 100 Units
(%) (%) (%) of Feed
Floats 1,28 0,0 0,0 - - -
1,280-1,336 21,18 21,18 2,79 2,79 0,59
1,336-1,381 11,50 32,68 3,95 4,95 1,16
1,381-~1,432 12,65 45,33 4,97 8.64 2,25
1,432-1,483 16,06 61,39 6,25 9,86 3,84
1,483-1,540 12,08 73,47 7,67 14,89 5,64
1,540-1,603 8,64 82,11 9,23 22,5 7,58
1,603-1,877 6,38 88,49 10,41 25,60 9,21
1,677-1,774 3,06 91,55 11,37 39,13 10,41
Sinks 1,774 8,45 100,00 16,00 60,34 16,00
TABLE D.10

Washability data for the —-106+23 micron size fraction of the
thickener underflow sample.

Relative Yield Cum. Cum. Ash Ash Ash per
Dencity (%) Yield Content Cantenl 100 Units
(%) (%) (%) of Feed
Floate 1,28 0,0 0,0 - - -
1.280"‘1o336 16025 16.25 3;08 3.08 OQSO
1;336‘1;381 8977 25;02 3,58 4;51 0’90
1,381-1,432 14,84 39,86 4,47 5,97 1,78
1,432-1,483 18,05 57,91 5,96 2,25 3,45
1,540-1,603 8,29 78,48 2.02 23,50 7,08
1,603-1,677 3,06 81,54 9,55 23,14 7,79
1,677-1,774 3,16 84,70 10,85 44,39 9,19

Sinks 1,774 15,30 100,00 19,90 67,41 19,90



0-6

TABLE D.11

Washability data for the -25 micron size fraction of the
thickener underflouw sample.

Relative Yield Cum. Cum. Ash Ash Ash per
Density (%) Yield Content Content 100 Units
(%) (%) (%) of Feed
Flpats 1,3} 0,0 0,0 - - -
{,310-1,390 11,50 11,50 5,5 5,30 0,63
{,390-1,414 4,53 16,03 5,90 6,91 0,95
1,414-1,449 9,91 25,94 6,40 7,21 1,66
1,44%9-1,474 8,06 34,00 6,90 8,91 2,35
1,474-1,518 14,06 48,06 8,17 11,24 3.92
1,518-1,541 8,05 56,11 9,18 15,21 5,14
1,541-1,588 11,96 68,07 11,28 21,13 7,87
1;588'1'684 9.14 77121 13950 30;03 10942
1,684-1,810 4,82 82,03 15,50 47,54 12,30
Sinks 1,810 17,97 100,00 26,00 73,9 26,00
TABLE D.12

Wdashability data of the thickener underflou sample
(reconatituted from the size fraction data).

Relative Yield Cum. Cum. Ash Ash Ash per
Density (%) Yield Content Content 100 Units
(%) (%) (%) of Feed
Floats 1,28 0,0 0,0 - - -
1,28-1,35 16,2 16,2 3,60 3,60 0,58
1,35-1,40 10,6 26,8 4,23 5,19 1,13
1,40~1,45 14,0 40,8 5,35 7,49 2,18
1,45—1,50 15g6 56'4 6,81 10)63 3984
1,50-1,55 11,9 68,3 8,40 15,94 5,74
1,55-1,60 8,2 76,5 9,90 22,39 7,57
1,60-1,85 4,3 80,8 10,95 29,63 8,85
t,65-1,70 2,3 83,1 11,359 34,07 9.63
1970_1,75 1,5 84.6 11|99 34|15 10,]4
Sinks 1,75 15,3 100,0 20,58 68,21 20,58
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APPENDIX E

PETROGRAPHIC ANALYSIS DATA OF THE SI1ZE FRACTIONS

The maceral
milled to 30

cantent
%

TABLE E.1

ihe

size

finer than 150 micron.

fractions of the sample

Inertinite

Size Vitrinite Exinite Reactive Non-— Tatal
Fractian (%) (%) (%) reactive Reactive
(micron) (%) (%)

+150 27,0 3,0 20,0 50,0 50,0
-150+106 26,0 3.0 14,0 57,0 43,0
~106+ 53 22.0 1,0 21.0 56,0 44,0
- 53+ 25 -———= -—- ——— —-———- -———-

- 25 20,0 0,0 7.0 73,0 27,0

TABLE E.?2
The maceral content the size fractions of the sample
milled to 90 finer than 150 micron.
Inertinite

Size Vitrinitle Exinite Reactive Nan- Tetlal
Fraction (%) (%) (%) reactive Resactive
{micran) (%) (%)

+150 30,7 8,3 11,3 49,7 50,3
-150+106 32.4 3,3 13,0 51,3 48,7
-106+ 53 30,4 6,0 18,3 45,3 54,7
- 53+ 25 32.6 2.7 11,0 53,7 44,3

= 25 2600 3.0 7|O 64‘0 36.0
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TABLE E.3

The maceral content of the size fractions of the thickener
underflow sample.

Inertinite

Size Vitrinite Exinite Reactive Non— Total
Fraction (%) (%) (%) reactive Reactive
(micron) (%) (%)

+106 39,0 1,7 14,3 43,0 55,0
-106+ 25 35,0 1,5 23.5 40,0 60,0

- 25 20,0 0,0 0,0 80,0 20,0
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APPENDIX F

PETROGRAPHIC WASHABILITY ANALYSIS DATA

TABLE F.1

Maceral analysis of the relative density fractions of the
-15041086 micron size fraction of the sample milled to 30 %
finer than 150 micraon.

Inertinite

Relative Vitrinite Exinite Reactive Non- Total
Density (%) (%) (%) reactive Reactive
(%) (%)
81,70 12,0 2,0 7,3 78,7 21,3
105]_1,70 893 316 24;3 63p7 36)3
1,43-1,51 16,0 2,6 33,6 47,8 52,2
1)35_1p43 35,6 3;6 21.6 39p2 60,8
£1,35 79.3 4,3 4,9 11,5 88,5
TABLE F.2

Microlithotype analysis aof the relative density fractions of
the -15S0+106 micraon size fraction of the csample milled to
30 % finer than 150 micron.

Relative Vitrites Inter- Inertites Carbo- Liptites
Density (%) mediates (%) minerites (%)
(%) (%)

51,70 1,0 3,5 34,5 59,0 2,0
1\51_1,70 3;0 9.5 82,5 4,5 O,S
1,43-1,51 4,0 18,95 74,5 0,5 2,9
1,35-1,43 13,5 41,0 45,5 0,0 0,0

F1,35 67,5 27,5 3,0 0,0 2.5
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TABLE F.3

Maceral analysis of the relative density fractions of the
-106+53 micron size fraction of the csample milled to 30 %
finer than 150 micron.

Inertinite

Relative Vitrinite Exinite Reactive Non- Total
Density (%) (%) (%) reactive Reactive
(%) (%)
S1,70 20.3 5,3 6,9 67,4 32,6
1,50~-1,70 11,6 4,3 21,6 62,4 37.6
1,43—1,50 1640 5)0 22|3 5696 43’3
1,35-1,43 34,0 3,6 21,6 40,7 59,3
F1,35 78,3 3,6 7,9 10,0 20,0
TABLE F.4

Microlithotype analysis of the relative density fractions of
the —-106+53 micron size fraction of the sample milled to
30 % finer than 150 micron.

Relative Vitrites Inter- JInertites Carbo- Liptites
Density (%) mediates (%) minerites (%)
(%) (%)

S1,70 4,5 7,0 46,5 42,0 0,0
1,50-1,70 3,0 16.0 76,5 3,0 1,5
1,43-1{,50 10,0 13,0 72,0 1,0 4,0
1,35-1,43 16,5 31,5 47,5 0,0 4,5

F1,35 65,7 22,0 5,3 0,0 7,0
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TABLE F.5

Maceral analysis of the relative density fractions af the
-53+25 micron size fraction of the sample milled to 30 %
finer than 150 micron.

Inertinite

Relative Vitrinite Exinite Reactive Non- Total
Density (%) (%) (%) reactive Reactive
(%) (%)
Si,70 11,0 3,0 6,0 80,0 20,0
1,51-1,70 11,5 3.5 14,5 70,5 29,5
1,43-1,51 9,2 2,8 28,6 58,4 41,6
1,36-1,43 26,8 3,2 25,6 44,4 55,46
F1,36 79,3 2,0 9,6 9.0 21,0
TABLE F.6

Microlithotype analysis of the relative density fractions of

the —53+25 micron size fraction of the sample milled to 30 %
finer than 150 micron.

Relative Vitrites Inter— Inertites Carbo- Liptites
Density (%) mediates (%) minerites (%)
(%) (%)

51,70 3,5 2.5 32.5 61,5 0,0
1951_1,70 390 7,0 87;0 0,0 3’0
1,43-1,51 3,90 12,5 83.0 0,5 1,0
1936_1943 10-5 19.0 68.0 090 295

F{,36 79,0 14,5 5,0 0,0 1,5
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TABLE F.7

Maceral analysis of the relative density fractions of the
-25 micron size fraction of the sample milled to 30 % finer
than {50 micron (estimates).

Inertinite

Relative Vitrinite Exinite Reactive Non- Tatal
Density ) (%) (%) reactive Reactlive
(%) (%)
S1,70 S 0 0 A 95 5
1,50~1,70 7 0 20 73 27
1,43~-1,50 10 3 10 77 23
1,35-1,43 34 0 10 56 44
F1,36 — - -— —— —
TABLE F.8

Microlithotype analysis of the relative density fractions of
the —-25 micron size fraction of 1he sample milled toc 30 %
finer than 150 micraon (estimates).

Relative Vitrites Inter— Inertites Carbo- Liptites
Density (%) mediates (%) minerites (%)
(%) (%)
$1,70 5 0 25 70 0
1,43-1,50 7 0 21 2 0
1,35-1,43 26 0 73 1 0
F1,35 - -~ - - 0
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TABLE F.9

Maceral analysis of the relative density fractians af the
-150+106 micron size fraction of the sample milled to 20 %
finer than 150 micron.

Inertinite

Retative Vitrinite Exinite Reactive Non- Total
Density (%) (%) (%) reactive Reactive
(%) (%)
S1,77 11,0 0,0 4,72 84,8 15,2
1,951-1,77 8,4 5.2 11,4 75,0 25,0
1,43-1,51 12,0 5,6 24,0 58,4 41,6
1,35-1,43 35,8 6,2 27,0 31,0 69,0
F1,35 72,0 5,4 7,8 14,8 85,2
TABLE F.10

Maceral analysis of the relative density fractions of the
-106+53 micron size fraction of the sample milled to 90 %
finer than 150 micron.

Inertinite

Relative Vitrinite Exinite Reactive Non- Total
Density (%) (%) (%) reactive Reactive
(%) (%)
S1,70 5,8 2,0 0,0 92,2 7.8
1,50_1;70 6;2 4,4 14,1 75|3 2497
1,43~-1,50 9.7 3,2 17,9 69,2 30,8
1,35~1,43 36,0 6,6 22,1 35,3 64,7
F1,35 76, ) 8,0 5,0 1Q,9 89,1
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TABLE F. 11

Maceral analysis of the relative density fractions of the

-953+25 micron cize fraction of the sample milled to 90 %
finer than 150 micron.

Inertinite

Relative Vitrinite Exinite Reactive Nen- Total
Density (%) (%) (%) reactive Reactive
(%) (%)
S1,71 -—- - -—- - ---
1|50_1]71 5'0 4;0 13’3 77,7 2203
1,43-1,50 14,5 6,0 13,5 66,0 34,0
t,35-1,43 43,1 9,3 17,7 29,9 70,1
F1,35 76,4 8,5 6,9 8.2 91,8
TABLE F.12

Maceral analysis of the relative density fractions af the

~2S micron size fraction of the sample milled to 90 % finer
than 150 micron (estimates).

Inertinite

Relat ive Vitrinite Exinite Reactive Non-— Jotal
Dencity (%) (%) (%) reactive Reactive

(%) %)

S1,70 -—- -——= - -——— -—=

1.,50-1,70 -—- --- --- -—-- -——=

1,43-1,50 - -— ——— - ———

1,36~1,43 14,3 2,2 10,7 72.8 27,2

F1.3s6 84,8 0,0 0.0 15,2 84,8
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TABLE F.13

Maceral analysis of the relative densilty fractiaons aof the
-106 micron size fraction of the thickener underflow sample.

Inertinite

Relative Vitrinite Exinite Reactive Non- Total
Density (%) (%) (%) reactive Reactlive
(%) (%)
51,78 0,0 0,0 0,0 0,0 0,0
1,50-1,78 5,3 0,7 25,7 68,3 31,7
1,42-1,50 6,7 1,0 24,0 68,3 31,7
1,35-1,42 22.0 2,0 24,7 Si,3 48,7
F1,35 82,0 1,3 4,7 12,0 88,0
TABLE F. {4

Microlithotype analysis of the relative density fractions of

the +106 micron size fraction of the thickener underflow
sample.

Relative Vitrites Inter- Inertlites Carbo- Lietites
Density (%) mediates (%) minerites (%)
(%) (%)

S1,78 0,7 2,0 11,0 86,3 0,0
1,50~1,78 3,3 1,3 92.1 3.3 0,0
1,42-1,50 2,7 7,7 88,7 0,3 0,6
1,35-1,42 9,7 32,0 57.3 0.7 0,3

F1,35 75,7 17,0 6.0 0,0 1,3
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TABLE F.15

Maceral analysis of the relative density fractions of the
-106+25 micron size fraction of the thickener wunderflou
sample.

Inertinite

Relative Vitrinite Exinite Reaclive Mon- Total
Density (%) (%) (%) reactive Reactive
(%) (%)
51,78 0,0 0,0 0,0 0,0 0,0
1,50-1,78 5,0 2,0 19,0 74,0 26,0
1|43_1,50 7)0 005 11'5 81,4 19.0
1,35-1,43 20,5 4,0 16,0 59,5 40,5
Fi,35 89,5 3,0 0.5 7,0 23,0
TABLE F.16

Microlithotype analysis of the relative density fractions of

the —106+25 micran size fraction of the thickener underflou
sample.

Relative Vitrites Inter- Inertites Carbo- Liptites
Density (%) mediates (%) minerites (%)
(%) (%)

81,78 0,5 0,0 2,5 97,0 0,0
1050_1078 395 3;5 88'0 405 0;5
1,43-1,50 3,0 4,0 93,0 0,0 0,0
1,35-1,43 20,0 19,0 60,0 0.0 1,0

F1,35 85,0 11,5 3,0 0,0 0,5
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TABLE F.17

Maceral analysis of the relative density fractions of the
-25 micron size fraction of the thickener underflow sample
(estimates).
Inertinite
Relative Vitrinite Exinite Reactive Nona- Total
Density (%) (%) (%) reactive Reactive
(%) %)
S1,77 0 0 0 0 0
1,50-1,77 3 0 0 97 3
1,43-1,50 7 0 C 93 7
F1,43 61 0 g 3% 61
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APPENDIX G

DERIVATION OF THE RELATIONSHIP BETWEEN ASH CONTENT AND
RELATIVE DENSITY

(100/Sg9) - (100/Sg.)

Ash(%) =
(1/Sg,) - (1/S9.)

Where Sg
Sgc
Sq.

relative density of a particle
relative density of coal
relative density of ach

Let Ash(%) = A
Cross multiplication of equation (}!) yields:

Therefore:
Sg. .A - Sg. . A 100.5gq. - 100.Sg
Sgc 'Sgn Sg-Sgc

Cross multiply:
A(Sg.59.? - Sg.59-.Sq9,) = t100.5g. .5g-% - 100.5g.54q. .Sq.
Thereforet

100‘39. OSgc - ’OOAS‘]@SQJ
Ash(Xx) =

Sq9.59. - Sg.Sq,

Therefare;

(100.5g. +S9. 7(Sg. ~Sg.)) 100.Sg,
Ash(%) = -
Sg 89: ‘SQ.
Or:
Ash(%) = P*Sqg~ ' + Q
Where:
100.S4q9, .S4q; 100.S4q.
P = and Q= -

Sgc _SgA SQc - Sg.


http:100.S9.S9

These equations can be rearranged Lo give:!

P(@-100) P
Sgc = -
100.Q 100
and
Q‘Sgc
Sq. =

Q@ - 100
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A new method for the rapid float-sink analysis

of coal fines

by J-P. FRANZIDIS* and M.C. HARRIST

SYNOPSIS

Float-sink analysis has wide application in the coal laboratary. This paper evaluales the established methods
used for the lloal-sink analysis ol line coal, and then describes a new melhod and apparatus thal can be used
lor matariat down 10 a few micromelres in size The melhod 1s rapid and accurale, and requires only a smal} amount
of sample. The resulla presentad show close agresmen( with 1he float-sink analyses oblained by the more classical
technique using separaling cotumns The new cenlrifugal method reduces Lhe lime tequired for the analysis by
a lactor of len.

SAMEVATTING

Gravilasie skeiding analises hel 'n wye loepassing in die sleenkooal laboratonum. Hiergie releraal evaluser be-
slaanda gravitasie skaiding analise legnieke vir tyn steenkool en beskry( dan ‘n nuwe matoce en apargaet wal vir
pariikel grootles van slegs 'n paar mikiometers gebruk kan word. Die metode 1s vinnig en akkuraat 8n benodig
slags 'n klein hoeveelheid monsier Resullate, wat goed corbenslem mel dié verkry in die meer kiassieke
skeldingskolomtegniek, word ingesluil. Die nuwe sentniligale melode hat gely lot die reduksie In analise tyd mat

'n faklor van lien

Introduction

Floal-sink analysis is a widely vsed technique in Lhe
coal laboralory. It linds application, firstly, in the study
of coal washabilily or liberation lcom ash and, second-
ly, in the delermination of coal-washery performance
through the use of parlition curves and (he data derived
from them. However, while float-sink analysis of plus
0.5 mm maierial presenis little difficulty, the esiablished
melhods are tedious and tricky for (ine coal, This is par-
Licularly true of coal smaller than 53 um ip size.

Existing Methods

The most common method {or the lloal-sink analysis
of fincs involves the use of separaling lunnels in which
particles are separated under gravity in 3 suitable hcavy
liquid. For samples containing very {ine particles or a high
proportion of near-gravily material, this technigue be-
comes extremely lime-consuming since a very long sepa-
rating (ime is required. Also, Lhe <eparation of coal par-
ticles finer than S3 um by this method has been found
1o be impracticable'.

Alternative methods aimed at spceding up the process
rely on the use of a centrifuge. In the melhod recom-
mended by (he International Organization for Slan-
dacdization (ISOY’, a sample of coal (20 (0 60g) is
placed in a centrifuge tube with ligquid of the lowest den-
sily. Aller spinming, the lNoals are collected from the sur-
face with a scoop, liquid ol the next highest density is
added to the sinks, and the process is repeated until lhe
highest densily is reached. A disadvantage of (his method
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is the initial high loading ol 1he (ubes, which can result
in a significant amount of entrained, and thus misplaced,
malenal; moreover, it is difficult ir practice 1o scoop all
the Tloats from the surface accurately without leaving
some malerial behind or causing some mixiag with the
sink<. The sequeatial treatment of a single sample can
also lead 1o significant cumutative error as the sample
being tecated becomes smaller.

Another centrifugal method is that of Hall', in which
a fine gauze iray is litted inside the centrifuge tube, being
suspended between the Moats and the sinks by wires hung
over the edge of the tube. This gauze is used to pull out
the sotid plug of Moals after centrifuging. Problems wilh
this melhod are that the gauze, during the centrifuging,
tends 1o trap some sink matcrial, which will report to the
ffoats; and thal, when the gauze is removed some of the
floal material is invariably le(t behind and is difficult 1o
rcconer.

New Apparatus and Method

A new apparatus has been devised for speeding up Ihe
Moal-sink analysis of coal fines, and making it less prone
10 crror. This apparatus, which is also designed 10 it into
a cenlrifuge fube, has been provisionally manufactured
out of Perspex, although, a< this is soluble in mos! organic
liguids, a material such as polyteirafluoroethylene
(PTELC) or stainless steel would be more suitable.

The heavy liquid nsed to dale is zinc chioride. Its ad-
vanlages are that it is very cheap, and does not give off
foxic vapours like the more commonly used organic
liquids such as bromoform or (etrabromoethane (TBE).
A limitation is that the highest relative deasity that ¢can
be obtained is 1.8.

The dcvice, shown in Fig. 1, fits inside a standard
100 ml PTFE centrifuge tube. It consists of 3 tapered
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Flg. 1—The new
float-3ink separating
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tube, with the bottom sealed by a conical plug. This plug
is connected via a rod to 2 spring al ke top of the device.
When sufficient downward force acts on the plug (as oc-
curs during centrifuging), the spring is compressed, opeo-
ing the bottom of (he (ube.

The use of lhe new apparatus is illustrated in Fig. 2.
Unlike the SO method, in which a single sample is (reated
sequentially, the new method uses separale samples al
each relative density, oblaining cumulative data directly.

The procedure can be broken down into four stages.

A Approximately 2 g of dry coal is accurately weighed
into a 30 ml sample bolile. The sample bottle has a
conical bottom Jeading into a 4 mm glass tube, which
is connecled to a short piece of rubber tube. The rub-
ber tube is clamped shut. A few millilitres of zinc
chloride solution are added Lo the boltle, along with
a few microlitres of a chemical dispersant known as
Tween 20 (polyoxyethylene sorbitan monolaurate).
After the bottle has been sealed, it is shaken until the
coat is thoroughly weited. The bolttle is then placed
in an ultrasonic bath (or $ minutes 10 aid in further
dispersion. The lid ol the sample bottle is removed,
and any adhering coal is washed into the bottie with
a few milljlitres of zinc chloride solution. The rub-
ber tube of the sample botile is 1hen inserted into the
top of the separating device, and the clamp i5 re-
moved. A syringe is used to wash any remaining coal
particles from the sample bottle into the device. The
separating device is Lhen filled Lo the required level
with zinc chloride solution, as is the centrifuge tube.

B Thedevice is inserted into a centrifuge tube, although
Lhe contents of the 1wo remain isolaled from each
other. The lube is then spun in a centrifuge.

C During spinning, centrifugal force on Lhe conical plug
pulls it down, compressing the spring. This links the
fluid in the separating device wilh (hat in the centri-
fuge tube, and enables sink material to enter (he tube.
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D When the centrifuge stops spinning, the spring causes
the conical plug 1o seal the device again, isolaling the
floal material from the sink materjal. Thus, the Iwo
fractions are scparaicd by mere removal of the device
lrom the centrifuge tube. The separalion is achieved
without any of the problems associated wilh (he
melhods previously discussed.

JLis imporlan( that a centrifuge with a swing-arm rotor
shiould be used, 50 thal the line of force acts down the
centre of the tube. With the lube spinning at 4000 r/min,
about )5 minutes are required for samples of material
Jarger than 25 um; samples of smaller malerial usually
require belween 1 and 2 hours of spinning time.

If material smaller than 53 um is being analysed, the
conical plug can be locked during the initial centrifuging,
resulting in a provisional separation in the device. ([ this
is not done, (he fine coal slurry in the device would behave
like a liquid with a higher relative density than the clear
zinc chloride solution in the centrifuge tube. Thus, when
the conical plug opened, mixing would result, causing
some float material 10 report to the sinks. After a pro-
visional separalion has been obtained, the spring can be
released, enabling the conical plug to open, and the tube
can be re-centrifuged to give the (inal separation.

Reproducibility of Results

in order (o eslabfish the precision of the method, a
number of replicate experiments were conducted on dif-
ferent sizc fractions of a sample consisting of a synthetic
mixture of washed and waste coal from the Greenside
Coliiery. The float-sink analyses were carried out at
relative densities of 1,4, 1,5, and ) ,6. As can be seen from
Table 1. the method is extremely precise for the size ranges
examined, the maximum standard deviation for four
replicates being only 0,6 per cenl. Also, a mass balance
of the oat and the sink material shows acceptably small
and relalively constanl losses in mass.

TABLE |
REPRONDUCIBILITY OF THE NEW METHOD

Avcrage
Size Rela- Number Mean lost

fraciion live ol floal  Siandard  material
pm densily replicales % devialion %
-300 + 106 1.6 4 56.3 0,2 0.9
~106 + 7S 1.6 2 59.1 0.3 2.8
-~ 75+ 38 1.6 4 $9.9 (1] 2.5
- 18+ 2 1.5 4 49,8 0.6 28
-~ 300 + 06 1.4 4 34.5 0.4 2.4
106 + 75 1,4 2 148 0.2 2,4
- 75 v 38 1.4 ) K| 0,5 2.5

To investigate Lhe reproducibility of the methoed,
samples ol Greenside No. 2 seam coal were oblained from
Professor R.P. King of the Department of Melallurgy al
the Universily of the Witwatersrand. The samples con-
sisted of cyclone underflow and overflow that had been
taken during the operation of a pilot rig in which the
dense-medium separation of fines was being investi-
gated’. Parlition-curve dala were obtained by the new
metkod for (he cycloning of malerjal between 90 and
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Fig. 2—Use of ihe new device
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75 um. The results were then compared with those of Pro-
fessor King's research group, which had been oblained
by use of the double-cotumn gravitational separating
technique illustrated in Fig. 3. This method is very ac-
curate bu! extremely time-consuming. The top column
acts as a ‘rougher’ and the fower column as a ‘cleaner’,
Sequential treatment of a single sample was used, with
Certigrav as the heavy liquid.

Partition curves comparing the two sets of results are
shown in Figs. 4 to 6, (The horizontal axes——labelled
‘Mean Specific Gravity’—would be more accurately
described by ‘Mean Relative Density'.)

The following partition function used by King' was
fitted to the results:

- ~ exp (b,x) — |
R = 0,4 (b= 00 b0 + exp (0) = 2
where x = normalized relative density, S/,
S = relative density of particle
S. = cut-point relative density {(§ at a parti-
tion faclor of 0,5)
R = partition factor

b,, b,, and b, are function parameters,

TABLE 11
CURVE-FITTING DATA FOR PARTIT(ON CURVES
1,2, AND
New Funnel Combined
Hem method method data
Parution curve 1 (Fig. 4)
S, 1,563 1,87 1.57
Setror)? 42,10 21,32 13,56
Yerror)?
ik e SN 4 4,13
No. of points 6.0 213
Partition curve 2 (Fig. 5)
5, 1.546 1,583 1,550
S(error)* 14,46 198,48 247,55
Yerror)?
—_— 4 4,
No. of poin(s .96 19,BS 14,56
Partition curve 3 (Fig. &)
S, 1,519 1,523 1,523
error)? 121,09 187.17 186.43
Yerrory?
—_— 20,18 20,74 25,76
No. of paints
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Flg. 3—Double-column method o! float-gink
analysls {from King snd Juckes?)
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Least-squares best estimates of the paramelers S, b,,
b;, and b, werc oblained by non-linear regression
analysis ol the experimenial data.

In each case, curves were filted (0 the combined sel
of data, and to each s¢1 of data obtained by the two dif-
ferenl methods. Table Il presents the least-squares fit for
each curve and the cut-point. As a different number of
poinis was used {0 obtain each curve, the sum of error
squared divided by the number of poinls is inctuded for
purposes of comparison.
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A very pood agreement between the (w0 sets of data
can be seen in Tigs. 4 and 5. The poor fit apparent in
Fig. 6 can be explained by the fact that there was insu((i-
cient malerial to obtain more poinis in the higher densi-
ty range of the graph (sce Fig. 6, graph A). Thus, lhe
first two points have an exaggerated efTect on the shape
ol the curve. Both sels of data exhibit a high degree of
scalter, indicating pussible inconsistencies tn the coal
sample, rather than problems in either of (he float~sink
melhods. The high degree ol scatler requires & farge
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number of poinis if the curve fitting is to be salisfactory. the results oblained by the more traditional separating-
When Lhe graph based on the combined data is compared  funnel method.
with that based on lhe separating-funnel data, a much On account of lhe difficulties associated with other

belter agreement is apparent.

Conclusions

methods, many collieties and coal laboratories do not
carry oul float-sink determinations on the minus 0,5 mm
fires, despite (he increasing proportion of Lhis size frac-

Floal-sink analyses can be carried oul very easily with  tion in run-ol-mine material. The simplicity of the new
the new apparatus, wilh none of the problems associated  separating device and method makes il possible for such
with other methods. The melhod has been shown to be  analyses 1o be made guickly and accurately on a routine
reproducible, and i(s results correspond satisfactorily lo  basis.
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Although the apparalus was designed specifically for
use in the beneficiation ol fine coal, its applicalion is nol
limited to coal, and it should prove a useful too} in al}
mineral-processing laboratories.
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Flat rolling

The 4th International Steel Rolling Conference is to
be held in Deauville (France) from 1st to 3rd June, 1987.

The Conference will provide an opportunity for
specialisis 10 make an appraisal of the status and trend
of development of the process and operating technology
of rolling on plate, and hot- and cold-strip mills. The
scope of Lhis event will extend to all stages of the pro-
cess, starting from the hot slab ready for rotling down
to the temper-mill for cold-reduced or hot-strip mill
material. The metallurgy of continuouz annealing will not
be explored.

10 the case of the plate/mill, heat treatment such as
rapid cooling out of the rolling heat is clearly part of the
process, although the handling of such topics should con-
centrate on the thermal and technological aspects of this
particular process and on ijts consequences on the
upstream and downslream operations, and not on the
metallurgy; hot and cold levelling will, of course, be
considered.

New mill strand and roll technology should be review-
ed, and their effectiveness in controlling strip shape and
easing the hot strip mill scheduting constraints apprais-
¢d on the basis of theoretical and experimental work.

The influence on plant effictency and product quality
of the coupling of several stages of the process and of
the processing of *endless strip’ in the cold-rolling plant
should also be further analysed.

Mill computer control based on accurate mathematical
models remains an essential area for research and
development, while closed-loop control Jinked to recent-
ly introduced sensors and actuators, which has found new
applications in the field of tlat rolling, deserves the at-
tention of the specialists,
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Although il is not intended to include in the programme
reheating furnaces, coating lines, nor product
metallurgical developments per se, papers dealing wilh
such lopics as the following falt within the scope of the
Conference:

® Influence of the product temperalure level and
homogeneily on mill control, mill performance, and
product qualily

® Optimum use of Lhe technical features of the rolling
plant in relationship to metallurgical and surface-
(inish requirements.

The design of production scheduling systems may also
be considered in so far as the emphasis is placed on such
desired impacts on plant operalion and mill performance
as

® Schedule [ree rolling on the hot-strip mill

® Hot charging and direct rolling

® Improved crown and flatness control of the hot-
rolled strip.

Lastly, maintenance, which has such a direct influence
on plant efficiency, should not be overlooked.
Further information can be obtained from

Secretariat

4th Intecnational Stee! Rolling Conference
IRSID

B.P. 64

57210 Maijzieres-les-Metz

France,

Téléphone: 878021 1}, télex: 860 253 IRSIDMZ,
Télécopieur: 87 8061 B6

JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY



Corrigenda

The following diagrams should replace the Figs. 4, 5, and 6 that appeared on papes 412 and 413 of the October
1986 issue. These relate to the paper enlitled 'A new mcthod for ihe rapid {loat-sink analysis of coal [ines' by

J-P. Franzidis and M.C. Harris

Flg. 4—Comparison of {he resulis obtained from the
new method with those from the double-column
meihod, sample 1
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Flg. 8—Comparison of the resulta obtalned from the
new method wih those from the double-column
method, sample 3
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Flg. 5—Comparlson of the resulls oblained from the
new method with those from the double-calumn
method, sample 2
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