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The Separation of Coal Fines Using Flowing-Film Gravity Concentration

A. B. HOLLAND-BATT, J. L. HUNTER and J, H. TURNER
Mineral Deposits Ltd., 81, Ashmore Road, Bundall, Qld. 4217 (Australia)

SUMMARY

This paper reviews the results of a broadly
based investigation into the possible merits of
treating coal fines using flowing-film gravity
separators such as Reichert cones, trays and
spirals. The work was carried out in the test
facilities maintained by Mineral Deposits
Limited (MDL) both within Australia and in
several overseas locations. In the initial phase,
the cost of the work was borne by MDL, but
funding for the second phase, which had
wider terms of reference, was supplied by a
grant from the National Energy Research,
Development and Demonstration Council
(NERDDC). The project is expected to con-
tinue until mid-1984, but the assessments of
the tray and spiral separators are complete
and form the main subject of this paper.

INTRODUCTION

The cleaning of fine coal has gained in
importance in recent years, partly because the
use of mechanised mining techniques is pro-
ducing increasing amounts of fines, but also
because the nature of some coals is such that
a major portion of the coking constituents
report in the fines fraction. The other major
influence is a long-term trend towards higher
coal prices which justify the substantial costs
involved in separating, dewatering and drying
fine coal.

Past practice in beneficiating coal fines has
involved the use of a number of different
processes, applied either singly or in combina-
tion, including fine-coal jigs, heavy-media
cyclones, water-washing cyclones, shaking
tables and froth flotation.- All of these suffer
from drawbacks of one kind or another: jigs
are only effective at the coarser end of the
size range, while flotation is similarly
restricted to the finer end and is also unsuit-
able for some coals. Heavy-media cyclones are
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relatively expensive and tables and water-only
cyclones are relatively inefficient, particularly
at finer sizes. Capital and operating costs are
undesirably high for all these processes.

Mineral Deposits Limited has manufactured
flowing-film separators of various types
[1-12] for over 30 years, initially for use
within the mineral sands industry but later to
cover a wide variety of applications including
iron ore, tin, tungsten, gold, uranium and
diamonds. An extension of this range to
include the processing of coal fines was a
natural development and preliminary studies
were undertaken on a number of occasions,
but it was not until 1978 that sufficient
interest was generated within industry to
permit more detailed investigations.

Between 1978 and early 1980, a number of
test programmes were carried outf in the
UU.S.A., Sweden and Australia to evaluate the
potential for applying Reichert cones to the
treatment of coal fines. The results obtained
were considered sufficiently encouraging to
justify an extensive investigation into the
treatment of coal fines by flowing-film gravity
concentration, which commenced at the end
of 1879 with funding provided by the
National Energy Research, Development and
Demonstration Council (NERDDC). This
work was originally scheduled for completion
in mid-1981, but the rate of progress was
substantially slower than anticipated, mainly
due to difficulties connected with the supply
and preparation of adequate amounts of
sample material. Subsequent extensions of the
NERDDC funding period have extended the
project until mid-1984.

There were four main objectives in the
work:

(1) To determine the requirements for feed
preparation and to develop suitable systems
for feeding flowing-film separators.

(2) To investigate the potential applications
for high-capacity, low-cost primary separators
for the wet-gravity processing of coal fines.
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Feed rates of the order of 50 - 150 t/h per
machine were envisaged.

(3) To evaluate the likely requirements and
the performance available from a range of
lower-capacity separators that offer higher
efficiencies over a wide range of feed compo-
sitions.

(4) To develop guidelines for the most effi-
cient and economic use of the capabilities
resulting from the fulfilment of objectives (1)
to (3) above, with particular emphasis on
complementing existing technology.

Work is continuing in the hope of satlsfylng
objective (2), but objectives (1) and (3) have
been accomplished as a result of parallel
activity in the areas of NERDDC-sponsored
research and the normal on-going company
programs of equipment development. Progress
has also been made in attaining objective (4)
and some of the findings have already been
reported [13]. The present paper provides an
overview and summary of the work carried
out to date, preceded by a brief introduction
to the various types of separator used in the
testwork.

FLOWING FILM GRAVITY SEPARATORS

Reichert cones

The Reichert cone concentrator is a high-
capacity gravity separator incorporating
multiple stages of flowing-film concentration,
A basic separation element consists of a dis-
tribution cone which disperses the feed slurry
to the periphery of the concentrating cone. In
flowing down the concentrating cone, the
slurry stratifies with the finer and higher
specific gravity particles at the bottom of the
flow. An annular slot is used to separate the
flow into concentrate and tailing streams [3].

Although a reasonable amount of
upgrading is achieved in each pass, it is usually
necessary to subject the slurry to a number of
separations in sequence. Because the concen-
trate only constitutes a minor portion of the
cone feed, it is desirable to feed upgrading
‘cones with more than one primary flow so as
to maintain an adequate loading. Typical cone
logics, therefore, consist of a series of primary
double (D) cone units feeding one or more
single (S) upgrading cones in series [9].

Reichert cones are manufactured in two
sizes having diameters of 2 m and 3.6 m

respectively. Because of the greater height
requirements of the larger unit, the flow
logics per machine are restricted to 3DS or
2D88S, though the reduced number of passes
is offset to some extent by the greater strati-
fication lengths available.

Feed conditions for a 2 m cone unit with a
4D8 logic treating mineral sands or metalli-
ferous ores would be nominally 80 t/h at a
density of 60 wt.% solids. The capacity for a
3.5 m cone on similar duty would be about
260 t/h at the same density, For best perfor-
mance, feed density must be closely con-
trolled and the feed rate should not be
allowed to fluctuate too widely.

Mark 6 trays

Trays are pinched-sluice separators which
operate on the same principle as the Reichert
cone but suffer from the drawback of having
side walls which interfere with the concentra-
tion effect. They can be used as adjuncts to
cones [3] or as a low-tonnage substitute for
cones in testwork. Mark 6 trays offer similar
stratification lengths to 2 m cones and identi-
cal flow logics, including a variation known as
a matrix logic [14]. Although Mark 6 trays
are not scale models of 2 metre cones, the
metallurgical performance achieved is suffi-
ciently similar to provide reliable estimates of
cone performance [15].

Spirals

A range of Reichert spirals is available to
cover a wide variety of applications and a
detailed treatment of this topic is available
elsewhere [12]. Some of the trough profiles

.are shown in Fig. 1, though at the time the

NERDDC project commenced the Mark 7 was
the most recent spiral available, The Mark 9
and Mark 10 spirals were developed specif-
ically for coal treatment as the need was
demonstrated during the course of the
project.

The Mark 9 spiral is intended as a primary
treatment unit, capable of handling ash con-
tents up to the highest levels encountered in
practice. The trough profile is, therefore,
tolerant in nature and performs acceptably
over a wide range of conditions.

Contemporaneously with the NERDDC
project, a novel technique for both designing
new spirals and assessing existing ones was
developed. The procedures involved a
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Fig. 1. Trough profiles of Reichert spirals.

considerable amount of calculation and so a
suite of computer programs was prepared to
carry out this task. The computer-based
system provides an interactive design process
and produces a full-scale drawing of the
trough profile once a satisfactory result has
been achieved.

The Mark 10 spiral was developed using the
new approach and it is an optimised design
suitable for finishing duties or for handling
low- to medium-ash coals. If has a compound
profile similar to the Mark 7 spiral and the
point of intersection of the inner and outer
sections moves radially outwards from the top
to the bottom of the trough.

TEST MATERIALS

The applications testwork which preceded
and partially overlapped the more fundamen-
tal investigation had included trials of 2 m
Reichert cones on two European, two Ameri-
can and one Australian coal. It was necessary
to select a minimum of two coal types as
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reference materials and the Australian coal
already tested was chosen as the high-ash
material. It was a steaming coal from the West
Moreton coal field averaging 40 - 50% ash. A
coking coal from the Bowen Basin in Queens-
land was chosen as the low-ash material.
Washability curves for the two coals are
shown in Figs. 2 and 3 and, on comparing
these curves with the categories suggested by
Whitmore [16], it can be seen that the coking
coal would be ranked as very easy to treat
{Category I(a)) and the steaming coal some-
where between moderately difficult and
difficult (Categories II{b) or III}. These com-
parisons offer a guide to the relative ease of
treatment of the coals, but are subject to
qualification because of the influence of the
required product specification upon the
quality of the separation. Also, the data upon
which the classifications were based related
to —30 mm +5 mm coal, whereas the work
described here was carried out on —3 mm
+75 um material and the degree of difficulty
attached to the separation would be greater.
Size analyses for the test materials are

_shown in Fig. 4, though the coking coal data

(—3 mm Feed 1) should be taken as indicative
only since two different truck loads of —55
mm coking coal were screened and crushed
at some remove in time from each other.
There were also some changes in screening
practice over the test period to optimise the
amount of suitable feedstock. The first bulk
supply was screened at 3 mm and deslimed at
100 um using 2 300 mm dia. hydrocyclone.
The second bulk sample was screened at

1 mm and partially deslimed using a 50 mm
cyclone, Approximately one-third of each
bulk sample was screened out as oversize,
and heavy consumption of the prepared mate-
rial during the testwork made it necessary to
use the oversize for some of the less critical
tests. This material was accordingly crushed
to pass either a 1.6 mm screen or a 3 mm
screen (Fig. 4, —1.6 mm and —3.0 mm
Feed 2). The washability curves shown in
Figs. 2 and 3 relate to the original sample
material on which the bulk of the testwork
was conducted,

DATA PRESENTATION

The practice in the coal industry is to assess
the performance of gravity separators by
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Fig. 3. Washability data for steaming coal: total +75 um,

means of full-float and sink testing of the
products on a size by size basis, followed by
determination of the partition curve, écart
probable (E,) and other associated perfor-
mance criteria. While this provides an
admirably thorough assessment of the perfor-
mance, it is time consuming and expensive
even on coarse coal samples.and when dealing
with coal fines the practical difficulties
increase as the coal size diminishes, It was
clearly impractical to carry out this type of

analysis on the large number of tests to be
carried out during the various phases of the
NERDDC project, so a simplified method of
analysing and presenting the test data was
adopted early on and continued during the
testwork. Full-float and sink testing was
reserved for definitive performance tests
carried out towards the end of the
programine.

The system adopted was to plot the ash
downgrade ratio achieved (i.e. the ash assay of
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TABLE 1

Required performance

300 400 500

1000 2000

Coal type Total size fraction +75 um fraction

Feed Weight Product Ash Feed Weight Product Ash

ash recovery ash downgrade ash recovery ash downgrade

(%) (%) (%) ratio (%) (%) (%} ratio
Steaming 40 60 20 0.500 35 60 20 .571
Coking 25 80 10 0.400 20 80 10 0.500

the coal product divided by the ash assay of
the feed) against the weight yield to coal
product. Target performances were estab-
lished for each coal type in consultation with
industry representatives (Table 1) and this
information was included on the diagram to
show whether or not the desired result had
been achieved. At a later stage in the work, it
was realised that the ideal performance could
also be included by plotting the cumulative
floats data for the feed from the washability
analysis. This offers the further advantage
that the displacements of the test points from
the washability curve give direct measures of
the ash error and organic efficiency {13].

REVIEW OF PREVIQUS TESTWORK
The previous testwork was carried out on

behalf of a number of clients and the detailed
results were confidential. However, the nature

of the various coals and the scope of the test-
work has been summarised in Table 2 and
some general conclusions follow.

Performance objectives were generally
established by comparison with existing pro-
cesses such as froth flotation or water-only
cyclones. The results showed that the
required performance could not be achieved
in a single pass but that it might be possible
with three-stage rougher—scavenger—cleaner
circuits.

The equipment employed was designed for
conventional heavy mineral separations, but
even allowing for this, the coal results
exhibited relatively low separation efficien-
cies. It appeared likely that the low solids
specific gravities and consequently reduced
settling velocities would require some modifi-
cations to the separation conditions. Factors
to be investigated included type of equipment
and flow logic, feed preparation, equipment
adjustments and operational variables.
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TABLE 2
Testwork summary 1978 - 1980

Test Coal type Feed data Test equipment
location Ash Fraction Mean size Type Logic
(%} —0.5mm {4m)
(%) )
Sweden Europe 1 15 60 370 2 m cone 4DS
2 m cone DSS
Europe 2 27 60 370 2 m cone 4D8
U.S.A USA 1 16 80 310 2 m cone 4DS
2 m cone 2D8S-DS
Mk 6 tray Matrix
U8 A, 2 30 40 6560 2 m cone 4D8
Australia Steaming 45 50 500 2 m cone Matrix
Mk 6 tray 4DS
Matrix
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Fig. 6. Coking coal: slime/deslime comparison.

FEED PREPARATION

The separation characteristics of flowing-
film gravity concentrators are such that there
is a fall off in performance at each end of the
feed size range, The effect is caused by com-
plex interactions between inertial forces, drag
forces and fluid flows and the limits vary
according to the basic characteristics of the
material being treated.

Early tests on tray separators carried out
on both deslimed and non-deslimed coking

coal showed that the removal of the fine
material provided a dual benefit: unit capacity
was increased by removing untreatable mate-
rial and performance on the remaining
material was enhanced (Fig. 5).
Classification tests were carried out on
both 200 mm and 300 mm dia. hydrocy-
clones using both the coking and steaming .
coals. Estimates of potential two-stage
performance were developed and the results
have been summarised in Table 3 together
with typical single stage results. In the



TABLE 3

Classification of steaming coal

Single stage

Parameter Two stage
200 mm 300 mm 00 X 200 mm)
Under- Over-
flow flow
retreat- retreat-
ment ment
Feed
Total % ash 42.7 46,2 45.1 45,1
—-63 um 16.6 11.8 21.5 21.6
—63 um % ash 64.9 67.4 68.5 68.5
Underflow
Total maxi- 88.2 87.2 76.9 86.4
mum recov-
ery (%)
Total % ash 39.6 44.8 39.9 41.4
Wt. % —63 um 4.5 1.9 1.0 9.4
—63 um % ash 59.9 75.4 65.9 66.3

underflow refreatment case, both overflows
were rejected, whereas in overflow retreat-
ment, both underflows were accepled as
product.

The findings suggested that 300 mm
cyclones would be more effective in rejecting
high-ash fines and that single-stage treatment
might be acceptable: Two-stage treatment
appeared likely to produce lower fines con-
tents using an underflow retreatment scheme,
but coal recovery would be reduced, Overflow
retreatment would improve coal recovery but

100
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at the expense of raising the fines content in
the underflow,

Bulk supplies of feed for the next phase
of the testwork were then generated by
screening the material at 3 mm and then
desliming at approximately 100 ym using a
300 mm cyclone.

GRAVITY CONCENTRATION TESTWORK

Mark 6 trays

Feed preparation

Following the clear identification of the
benefits to be derived from desliming the feed
{Fig. 5), the products from two 4DS tray tests
were analysed in full to determine the perfor-
mance gain within individual size fractions.
One test related to undeslimed feed and in the
other the tray feed was deslimed in a 125 mm
dia, flat-bottomed eyclone,

The recoveries of coal, ash and total solids
in the coal product have been plotted against
the mean particle size of each size fraction in
Fig. 6. In plots of this type, the efficiency of
separation is proportional to the vertical
interval between the coal and ash curves [17],
and it is clear that desliming has produced a
substantial improvement at all particle sizes.
At fine to medium sizes, the effect is mainly
due to a reduction in ash recovery, but from
about 300 um and above there is an improve-
ment in coal recovery.
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Fig. 6. Mark 6 tray recovery data for —3 mm coking coal.
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Tray angle

Previous work had established the oper-
ating ranges for feed rate and density, but the
tray inclination had not been varied in the
preliminary trials. The concentration surfaces
of both cones and trays are inclined at 17°,
because past experience with heavy mineral
applications has shown that this provides a
suitable compromise between the conflicting
requirements of concentration and sediment
transport. Since coal has a much lower specif-
ic gravity and can flow at lower angles with-
out sanding up, it seemed likely that the
optimum angle would be different from 17°
and might vary from coal to coal.

A program of 24 tests covering two coal
types, three tray angles and various coal yields
was carried out (Table 4).

The 4DS flow logic employed provides four
ash products and one coal product, so the
form of analysis adopted was to develop equa-
tions to describe the variation in the cumula-
tive ash recovery as the cumulative weight
yield altered. Selection of equations and the
fitting of coefficients was carried out by
means of regression analysis and performance
predictions were then prepared for identical
conditions (Table 5). The results suggested
that 15° was the best choice for the steaming
coal and that a reduction to 13° would be
beneficial for the coking coal.

Flow logic

A further test program was carried out to
compare the relative merits of 4DS and
matrix flow logics, using the optimum tray
angle for each coal type. The results for both
coal types have been plotted (Fig. 7) using the
ash downgrade versus weight yield format
described earlier. It is clear that the matrix
logic shows superior performance in all tests
and for both coal types, although it did not
prove possible to achieve the separation
targets.

Comparison with water-washing cyclones

At this point in the investigation, the com-
pany who supplied the coking coal kindly
made available some results they had achieved
on the same coal type using water-washing
cyclones. The information included a break-
down by size into plus and minus 75 um
fractions, which showed substantially better
performance on the coarser fraction. The
matrix tray data were analysed, therefore, and

TABLE 4

Test program to select tray angle

Coal type Angle Coal Percent-  Number
vield age ash of tests
required
Steaming 13 40 - 60 20 4
coal 15 40-60 20 4
17 40-60 20 4
Coking 13 60 - 80 10 4
coal 15 60 - 80 10 4
17 60 - 80 10 4

TABLE &

Ash recovery comparisons

Angle Steaming coal Coking coal
(degree) Refuse  Ash Refuse  Ash
{(wt.%) recovery {wt.%) recovery
to refuse to refuse
(%) (%)
13 45 65.8 25 46.4
50 70.7 30 653.5
55 75.1 35 60.3
15 45 67.9 25 44.0
50 73.3 30 50.9
55 78.3 35 87.5
17 45 67.2 26 44.7
50 72.5 30 50.7
55 77.3 35 56.4

compared with the cyclone results on both a
total solids basis and for the +75 ym fraction
{Fig. 8). It was clear thaf, although the trays
appeared to give similar performance to the
cyclones on a total solids basis, they were
considerably inferior when assessed on the
more relevant +75 um fraction.

These results were disappointing and a
review of the available information suggested
that the problem might lie in the lower
settling velocities encountered in coal separa-
tions compared with heavy mineral applica-
tions. For example, if heavy mineral particles
(sp.gr. 4.4) are compared with silicious ash
material (sp.gr. 2.7) settling in water under
laminar conditions, then
Ash velocity 265—1

= =0.49
HM velocity 44—1
If the settling velocity is reduced by 50%
and the same distances must be covered in
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sedimentation, this implies that the settling
time must be increased. Transportation veloc-
ities can be reduced slightly and this would
have been one of the main beneficial effects
that resulted from reduced tray angles. The
gain achieved in this way was clearly inade-
quate, however, so the only other avenue
open was to increase the stratification length.
Stratification lengths for various types of
flowing-film separators either in existence or
under development at this time were reviewed
(Table 6).

It is evident that 3.5 m cones offer more
promise than 2M cones, though the more
turbulent conditions existing in cone separa-
tions is an adverse influence. Spirals offer the
most potential of all, though — as with the
cones — the available units were designed for
heavy mineral separations. It appeared that
there might be a role for 3.5 m cones as
roughers, particularly in high-throughput
instailations, but that spirals were more likely
to be successful in the majority of applica-
tions.
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TABLE 6
Stratification lengths

Separator type Length (cm)

Reichert cone {2 m) 72
(3.5 m) 140
Mark 6 tray 86

Mark 7 spiral 380

Mark 7 and Mark 8 spirals

Preliminary trials carried out on the Marks
2C, 6 and 7B heavy mineral spirals gave dis-
appointing results. The low specific gravity of
the solids particles caused them to position
too far out for effective recovery. It proved
impossible to achieve a weight to refuse of
more than 10% without the use of extension
splitters and it was evident that new designs
of spirals would bre needed in order to achieve
satisfactory results on coal.

The first spiral designed specifically for
coal was the Mark 8, but preliminary tests on
coking coal (Fig. 9) showed that the unit
could not reach the performance level of
either trays or water-washing cyclones.

Mark 9 and Mark 10 spirals
A new spiral, the Mark 9, was then con-
structed. It had a profile similar to the

Mark 8, but the transverse slope in the inner
region was steeper and the frough width
increased continuously from turn 1 to turn 6.
The design features of the spiral have been
described earlier, as has the genesis of the
Mark 10 spiral. In broad terms, it was antici-
pated that the Mark 9 unit would be better
suited to the steaming coal, whereas the
Mark 10 characteristics appeared to be
optimal for the coking coal. Variations on the
Mark 10A spiral included the Mark 10B,
which had the top two turns disconnected
from the centre column to study the effect of
pitch variations, and the Mark 10C, which was
a nine-turn spiral with an auxiliary refuse
splitter after six turns.

The lower bulk specific gravity of the feed
and the reduced settling velocities relative to
more conventional applications are reflected
in the design aspects. The pitch is lower than
that employed in heavy mineral spirals, which
promotes more tranquil separation conditions
and greater retention times. The outside diam-
eter and thus the volumetric slurry capacity
are also greater.

Feed preparation

Feed preparation was generally as for the
Mark 6 trays, except that some coarser and
poorer quality feeds were investigated during
the work. Details are provided in the next
section.
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Fig. 9. Mark 7B, 8 spirals: coking coal, total solids.
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Coking coal

The results achieved for both the Mark 9
and Mark 10 spirals are shown on a total
solids basis (Fig. 9) and for the +75 um frac-
tion (Fig. 10). In the latter case, the ideal
separation limits have been shown by plotting
the washability data in the following format:

Ash downgrade ratio =

% ash in cumulative floats
% ash in total +75 ym

Weight recovery = cumulative wt.% floats

The Mark 9 spiral achieves much the same
range of ash downgrade ratios as the Mark 10
unit but at a lower weight yield of coal prod-
uct, a feature that is to be expected in view of
the different design parameters for the two
spirals. The higher take to the refuse product
in the Mark 9 has the added effect of moving
the results further away from the ideal separa-
tion curve (Fig. 10), confirming that the
optimised design of the Mark 10 is capable of
producing higher separation efficiencies. On
comparing Fig. 9 with Fig. 10, the superior
performance achieved on the +75 um fraction
compared with the total solids is clearly
evident.

Steaming coal
Performance on the +75 yum fraction was
superior to the total solids and a summary is

provided in Fig. 10. The nine-turn Mark 10C
spiral was tested on this material and the same
relativities between the Mark 9 and Mark 10
spirals are evident. The Mark 10C spiral offers
some potential for treating medium-ash feeds
due to its enhanced ash-removing capability
provided by the extra refuse split. The Mark
10C achieves lower weight recoveries than the
Mark 10B and lower ash downgrade ratios
than the Mark 9C, yielding results in the
target zone. However, a reduction of the
slurry flow rate was clearly evident on the
bottom turns of the flatter-troughed Mark 10
units for the higher-ash steaming coal, indica-
ting that the Mark 10 spirals would run into
material transportation difficulties if tested
onh coals containing greater than about 45%
ash. Subsequent tests run on both the Mark 9
and Mark 10 spirals using feed containing 50 -
60% ash confirmed this.

The Mark 9 spiral is the appropriate choice
for high-ash coals, while the Mark 10A/B
spiral is to be preferred for low to medium
ash contents and the Mark 10C unit covers
the intermediate region. The results obtained
from these spirals satisfy, to a large extent,
the third objective of this project.

The test results demonstrated the depen-
dence of spiral performance on both the
inherent properties of the feed material
(washability and sizing) and the operating
parameters (feed rate and, to a lesser degree,
feed density and splitter positioning). Altering
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the pitch on the top two turns of the Mark
10B spiral appeared to have no effect on
spiral performance.

Feed compaosition and feed rate

The effect of altering the feed size and
quality was investigated by crushing some of
the +1 mm oversize from the second bulk
sample. One batch was crushed to pass 3 mm
(Fig. 4, —3.0 mm Feed 2) and another batch
to pass 1.6 mm (Fig. 4, —1.6 mm). In addi-
tion to the difference in size distribution,
there was a variation in ash content and
possibly other structural features as well: the
original sieved and classified material con-
tained 14 - 15% ash in the +75 ym fraction,
whereas the —1.6 mm and —3.0 mm Feed 2
materials contained 22 - 24% and 30 - 32'%
respectively. Test results for the three mate-
rials using the Mark 10B spiral are shown in
Fig. 11 together with the cumulative floats
data for the —3.0 mm Feed 1 material. The
poorer quality of the —3.0 mm Feed 2 mate-
rial is clearly reflected in the results, as is the
effect of improving the feed sizing and ash
content in the 1.6 mm sample. Splitter posi-
tions were held constant in the tests, but the
feed rate was varied and the effects on per-
formance are summarized in Table 7.

A strong correlation between spiral perfor-
mance and feed rate was observed and this
appears to be fundamental to spiral behav-
iour. Table 7 illustrates that increasing the

feed rate results in a higher yield to coal
product but decreases both the ash down-
grade ratio and separation efficiency. This
correlation was also observed in field trials of
a Mark 10A prototype carried out in Australia
by the company from whom the bulk coal
samples were obtained. Feed rates were varied
between 1.1 and 3.9 t/h of total solids (0.9 to
3.4 t/h of +75 pm solids) while densities
varied from 20% to 34% solids by weight and
splitter positions were kept constant. The
downgrade ratios and coal yields have been
plotted against feed rate in t/h in Fig. 12 for
the +75 um material. Feed rate is clearly the
dominant effect, with satisfactory spiral per-
formances occurring at up to 2 t/h, Feed
density appears to be of lesser significance,
though later work has suggested that the
optimum value varies inversely with the ash
content of the coal, generally falling in the
range 25 - 40% solids.

Particle size

The effects of the feed rate and sizing on
coal and ash recoveries are clearly illustrated
by plotting size/recovery data obtained from
field trials (Fig. 13). Coal recovery is high for
all size fractions and is little affected by feed
rate, whereas the ash recovery increases
markedly with feed rate due to the increasing
inability to extract this component in the
refuse product. The separation efficiency can
be measured directly [17] by the displace-
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Fig. 11, Effect of feed size range using the Mark 10 spiral: coking coal +75 um.



TABLE 7
Effect of feed composition and feed rate (Mark 10B)
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Feed type Feed (+75 um) Coal product (+75 um)
t/h % solids % ash wt. % % ash Downgrade
ratio
—3.0 mm 1.35 34.1 14.3 86.5 6.6 0.460
Feed 1 1.39 36.0 15.3 86.0 7.0 0.455
2.44 33.3 15.2 89.1 7.9 0.515
2.59 33.2 14.3 90.8 8.2 0.573
—1.6 mm 1,18 359 24.8 76.1 9.5 0.383
1.37 39.3 22.4 79.7 10.5 0.470
2.59 39.0 21.5 85.9 12.3 0.512
2.83 390.2 22.6 85.4 13.1 0.580
—3.0 mm 1.16 36.4 31.3 69.6 13.1 0.418
Feed 2 1.37 37.6 31.6 70.3 13.1 0.414
1,74 35.5 29.8 75.0 14.0 0.471
2.67 34.8 29.9 79.8 17.3 0.579
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Fig. 12, Field trials Mark 10A spirals: Effect of feed rate, coking coal +75 um.

ment between the coal and ash recovery
curves in Fig. 13 which illustrates the poor
results achieved on —75 um material.

Comparisons with water-washing cyclones
The field trials referred to earlier were
carried out by the company who supplied the

coking coal and the test data relating to
water-only cyclones shown in Fig. 8. The
Mark 10A spiral results have been compared
with the water-only cyclone data in Fig. 14,
which includes a cumulative floats curve also
kindly made available by the company. Some

allowance for variations in feed composition
must be made because the cyclone tests and
washability data were obtained some months
prior to the spiral work, but even so, the
spiral results approach the ideal curve and
out-perform the water-only cyclone.

Performance criteria

To provide a complete assessment of the
spirals’ performances in relation to other fine
coal washers, it was decided that some defin-
itive performance tests should be done on
both the Mark 9 and 10 spirals, using both
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Fig. 13. Field trials Mark 10A spiral: Effect of feed rate on recovery.
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Fig. 14, Field trials: coking coal +75 pm.

coking and steaming coals, to generate suffi-
cient material for sink-float testing. The
calculated organic efficiencies, E, values and
ash errors are shown in Table § and the parti-
tion curves have been plotted in Fig. 15 for
both the coal product.and the combined coal
product plus middlings.

The E, values averaged 0.15 for coal and
0.11 for coal plus middlings. The improve-
ment in E, when the products are combined
is a consequence of the increase in separation

10

30 90 100

density which reduces the amount of near
density material.

The results quoted in Table 8 were inserted
in a figure taken from a recent paper by
Horsfall [18] which plotted E, against organ-
ic efficiency for various fine coal washing
processes (Fig. 16). The trend lines marked
7%, 15% and 20% ash indicate the effect of
increasingly stringent ash levels in the
required product. As the specified ash level
falls, the separation density is reduced, more






