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SUMMARY .

Labcratory tests have indicated that the fine coal
precduced by a number of ccllieries in the Witbank district con-
tains a reaSonabiy high proportion of ccking ccal and that it
may be possible to recover this by washing at 1.35 to 1.4
specific gravity.

This scparation roprgsents a formidable washing prob=-
lem and it was evident that the conventional processes would be
unsuitable. Varicus newly develcped fine coal washers described
in the literature werc consequently studied and the cyclone
washer was finally selected as being the most promising.

as very little technical data were available on this
type of washer, it was necessary to determine the main cperating
characteristics experimentally. During this phase cf the
investigation, emphasis wes placed on cbtaining maximum capacilty
and efficiency for separations in the specific gravity range
mentioned.

Having established the cperating adjustments best
suited to the separations in view, cyclone washing tests were
carried out on three typical Witbank duff coal samples in order
to determine the suitability of the process. The washed pro-
ducts cbtained were subjected tc ccking tests in an experimental
coke oven,

The results of these tests indicate that it should
be possible tc reccver the ccking fraction from Witbank fine
ccal on a commercial scale by using the cyclone washer and that
metallurgical ccke can be produced from the coking coal chb-

tained in this way.
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INTRODUCTION .
Although the Union of South Africa possesses reasonably
large reserves of coal of various qualities, the reserves of
coking coal are comparatively small and are being exhausted at
an alarming rate. The proved reserves of coking coal are esti-
mated at about 260 million tons, of which 160 million tons are
in Natal and 100 million tons in the Transvaal. The Natal
coking coal is high-quality straight coking coal, while that in
the Transvaal is mainly blend quality..
The present rate of production of coke is approximately
800,000 tons psr annum(%)of which about 75 per cent is consumed
by the iron and steel iﬁdustry. In order to produce this
quantity of coke, about 1.3 million tons of coking coal are
required per annum and it is estimated that this rate of con-
sumption is likely to be doubled in the near future, mainly on
account of the increasing requirements of the steel industry.
Since it is estimated that some 3 million tons of coking coal
and blend coal are also used for non-ccking purposes per anhul,
it appears that the rate of consumption of this coal will be
in the region of 5.5 million tons per annum witnin the next few
years. On this basis, it will be clear that the life of the
coking coal reservas is only about 45 years. By restricting
the use of this coal to coke production as far as possible
this figure car probably be doubled, but even 90 years is a

VeTrye.o/
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For the purposes of this Report the coking coals of the Union
are divided into two classes, as defined by the Soutn African
Coal Commission 1946-47, p.17.

(a) Straight coking coals, which ontain well developed coking
propertics and are capable after normal preparaticn of
producing good quality metallurgical coke.

(b) Blend coking co=ls which contain poorly devslopzd coking
properties and are incapable of producing good Juality -
metallurgical coke without the admixture of varying
proportions of straight coking coal.
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very short time in the life of a country. It is,therefore, of
the utmost importance to locate, if possible, other scurces of
colking coal and to study the prepsration necessary to render taoe
coal suiteble for metallurgical purposes.

The survey activiticss of the liines Depsrtment has re-
sulted in the discovery of onc potential source of coking coal
viz. the Waterberg coslficld. Tests carried out at the Fucl
Rescarch Institute suggests that this coal would have to . be
crushed to a fairly fine size and washed to a high discard to
recover an acceptable coking coal.

Float and sink tests carried out at the Fuel Rescarch

| s
Institute <20 (3

on ngtural fine coal produced in the Witbank
coalfield, showed that, although these coals were normally non-
coking, a coking fraction amounting to about 25 to 30 per cent
of the raw coal could be preduced by effcecting a separation at
1.35 specific gravity. The float coal obtained had well develcp-
ed swelling propertics and appeared to be a straipght coking coal
suitable for metallurgical purposecs. By effecting a soparation
ot 1.4 specific gravity, the yield of flost coal was about 50
per cent on the average, and seemed well suited as a blend
coking coal. The cbking fractions obtained in this way had the
added advantage of low ash content, being of the order of 6
per cent. It was also found that a steam coal of acceptable
quality cculd be produced from the sink material by re-washing
it at about 1.50 specific gravity, the refuse only amounting to
some 14 per cent of the raw coal. This work indicated, then,
that Witbank fine ccal is another potentizl source of coking
coal and is more accessible at present than the Waterberg coal.
Only a relatiwely small proportion of it would represent waste
material if the ccal were utilised in the manner suggested.

It should be explained at this stage, that the coking
fraction in Withank coals is only present in reasonable propor-
tions in the fin.s noturally produccd during mining. The coal

SCaAMS. .o/



seams found in the Witbank area, generally contain a rclatively
low proportion of the coking constituent, or bright coal. The-
bright coal isy howecver, more friable than the dull coal and
consequently breaks more readily during mining and handling
operations: 4s a result of this‘selective breakagey the bright
ccal becomes more conceptrated in the smaller sizes.

It has been estimated thet it is possible to recover
nearly 1 million tons of coking coal per annum for the next 50
to 100 years by applying two stage washing to the fine coal pro-
duced in the Witbank and Eastern Witbank areas i.e. the proved
coking coal reserves could be increased by about 30 per cent.
4t present, more than 700,000 tons of Witbank duff ccal are
being dumped per annum for the lack of a market. Since this
represents an apprcciable amount of irreplaceable ccking coal
going to waste, the importance and urgency of investigating the
recovery of this material will be appreciated.

Before either of these sources of coking coal can be
exploited, it is necessary to establish, both from the technical
and economic points of view, whether the material can be treated
on a commercial scale. In the present paper the technical as-

pect of the problem is examined.

ILE _PROBLEN .

In both casea a comparatively fine coal has to be
treated and high discards have to be dealt with.

In order to appreciate the implications of the problem,
some general remarks regarding washers and washing may be given.

According to §;§é42 the +0.10 specific gravity dis-
tribution at the desired specific gravity of separation is a
measure of the difficulty of washing a coal. This value is
readily obtained from the washability curves of the coal, and
merely represents the fractional yield between specific
gravities (ﬁ‘+ 0.1) and (% - 0.1), where X is the specific
gravity under consideration. On this basis, Bird gives the

followinge.../
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following figures as a rough indicatiocn of the difficulty of a

washing problems:

+0.10 S.G. Degree of

Distribution difficulty Preparaticn,
___bper cant.
0 to 7 Simple almost any process, high tonnages
7 to 10 lModerately Efficient process, high tonnages.
difficult
10 to 15 Difficult Efficient process, medium tonnages,
good operatiocn.
15 to 20 Very dif- Efficient process, low tonnagesg'
Ficult. expert operation.
20 to 25 Exceedingly Very efficient process, low tonnages,
difficult. expert operation.
Above 25 Formidable Limited t¢ a few excepticnally

efficient processes, expert operations

Coal washers in general use may brcadly be grouped into

three classes, as follows -

(a) Processes which make use of the influence of density
and size of particles on the rate of settling when suspended
in a fluid. This group includes jig washers, trough
washers, upward currcnt classifiers and concentrating
tables. With the exception of concentrating tables, which
are limited to coal smaller than about % inch, these
washers are capable of handling any practical size of
coal,but are best used to effect separations at specific gre-
vitics where the +0.10 specific gravity distribution is
less than about 15 per cent. OSeparationsmay be effected
at more difficult specific gravities but only at the ex-
pense of either efficiency or capacity. Geherally speaking
these washers are unsuitable for exceptionally “difficult"®
separrtions and the feed snould also be fairly closely
sized for best results.

(B)eeo/



(b) Proccsses in which separation takes place in a fluid
of high specific gravity such that the clean ccal will
float and the refuse will sink. The high specific gravity
flu%d may be cither a true liquid or a suspension of solid.
particles in water. Since suitable hecavy liquids are
expensive, commercial processes of this type enploy sus-
pensions of various solids in water and are known as
"Heavy Medium" or "Dense iMedium" washers. These processes

are extremely efficient and are consequently suitable for
separations which would be classed as formidabiz according
to Bird's scale. The conventional types of heavy ncdiun
washers, hcwever, are usually limited in practice to coal
coarser than about 1/8". The reascn for this will be
explained later.

(¢) Processes which depend on properties other than
specific gravity of the particles to effoct a scparaticn.
Froth flotation is the most important in this group and
emplcys differences in the surface wetting propaerties
of coal and refuse to effect a scparation. This process
may be applied to coal finer than about 1/8"*and is
extensively used .in Europe as an ancilliary tc other
washing operations. The capital and operating costs are
very high compared with those of other processes in

general use.

4Lspects of the Problem of Washing Witbank Duff Coals :-
Washability curves-of'a typical Witbank duff coal are
shown in Fig.l. The solid porticn of the #0.10 specific gravity
distribution curve was obtained in the usual manner, while the
. doctted portion was determined by taking smaller specific gravity
increments and then scaling these up tc 10.10 specific gravity.
This procedure is probably not quite accurate but it gives one
some idea of the equivalent distribution in the specific gravity
range below 1.375. It is customary tc apply a correctirn for

material.../
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material having specific gravity greater than 2,0, but this has
been neglected in the present example.

It will be clear from the washability curves illustrated,
that Witbank duff coals have extremcly high +0.10 spccific
gravity distributionsin the region of 1.35 to 1.4 specific
gravity,(which is the gravity range where a cut will have to be
made to recover the coking fraction). 4s will be seen, this
value can easily be of the order of 80 per cent. The separaticns
required tc recover the coking fraction frcm these duffs, there-
fore, represent a formidable washing problem, and since jlgs,
trough washers, etc., are clearly unsuitable, it would appear
necessary to turn ones attenticn to & heavy medium type of washer.

The washing of these ccals is, however, rendered even
more difficult by the fact that they ccntain about 50 per cent of
material finer than 1/8", and this again excludes ccnventional
heavy medium washers. It may be pcssible to effect the desired
separation by mecans of froth flotation, but as this is an ex-
pensive process it could only be considered as a last rosort.

as 1t was evident that all the established rocesses,
with the exccption of froth flotation, would be unsuitable for
the separations in view, the necessity to study the various
newly developed fine coal washers described in the literzture
was appareht. The cyclone washer was finally selected as hclding
out most promise, and it was decided to investigate the possible

applicatioh of this process to Witbank fine c¢oal.

DETAILS_OF THE_EXPERIMENTAL WORK_&ND METHOD
OF _BVALUATING RESULTS.

THE CYCLONE W4SHER.

The cyclone washer was developed at the Dutch State
Mines and was first described by Q;;gﬁggéi) in September 1945.
This process is, in principle,; a heavy medium washer, but
differs from the conventional type in that large centrifugal

forces.e.../



forces are employed to effect the separation of small particles.
The advantage of employing centrifugal force lies in
the fact that the separation of small particles may be acceler-
ated in this manner. Thus, the time required to effect a separ-
ation depends on the separating velocities of the particles,
and the latter is determined by the size of the particles, the
viscosity of the bathand the magnitude of the force acting on the
particles (see page 100).Assuming other variables to be constant,the
separating velocity decreases with decreasing particle size and
the time required for separation increases accordinglv. Now, it
will readily be accepted that the size of the coal cleaning
plant required for any specified throughput, and cénsequently
the cost of cleaning, will vary directly as the time required
for separation and, therefore, inversely as the size of the
coal to be treated. 8ince the time required for the separation
of small particles is quite considerable under static conditions,
it is uneconomical to wash fine coal in conventional heavy
medium washers. However, it is possible to increase the separ=-
ating velocities of small particles by increasing the force
acting on them. This is achieved in the cyclone by rapidly ro-
tating its contents, resulting in centrifugal forces equal to
1000 to 2000 times gravity acting on the small coal and shale
particles.

The Working Principléz)

The cyclone consists of a truncated cone with a flat
cover having a central outlet, 4, and a tangential fecd pipe, B,
Just beneath the cover, as shown in Fig., 2. This arrangement
will be recognised as being similar to that of a ecyclone dust
collector. 4 suspension of small particles (barytes, magnetite
etc.) in water is supplied to the feed pipe under pressure and
enters the cyclone with a high inlet velocity, thus giving the
fluid a rapid rotational motion. 4 vortex is created by the
rotating fluid, which is spread through the upper and lower
openings to the outside, and a vertical air column is created
inside the cone. Due to the centrifugal force acting on them,

the. e/
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the heavy particles tend to move towards the cone wall and
down towards the apex. Here, a proportion leaves the cyclone
and the rest enters the vortex and either leaves the cyclone
at 4 or 1s again forced towards the wall. Some of the
suspended particles, therefore, are circulating in the cyclone
and it is thus possible for the specific gravity of the
suspension in the cone to be higher then the specific gravity
of the suspension at the inlet. The motion of the heavy
particles in the cyeclone is influenced by two principal
forces viz. the centrifugal force acting‘radially outivards
and the drag due to water flowing radially inwards. The
relative magnitudes of these forces at various points in the
cyclone determinc the path of the particles (i.e. whether the
particle is forced towards the wall or leaves in the vortex )
and consequently the effective specific gravity in the cone.

If the raw coal (a mixturc of coal and shalc, say)
is now admitted with the suspension of heavy medium, the coal
particles lighter than the effective specific gravity of the
bed are unablc to penetrate it and are swept away in the
vortex to the outlet A. The shale particlesy on tic other
hand, are able to penctrate the bed on account of their
greater specific gravity and leave at the apex of the cone.
Similar operation may be obtained by using a true liquid of
appropriate spocific gravity in place of a heavy mediunm
suspension. Howcver, as suitablé liquids are cxXpcnsive
their usce is not considered to be practical.

As far as is known, no exact thcory of the motion
of the fluid and Suspunded/particles in a cyclonc has yet
been formulated. DriesseéO)has endeavecured to analysc the
notion of the fluid in a cyclone mathematically znd, although
this work is of consicerable intercst, it has not yet been
developed to the stage where it may be ccnsidered to be of

practical wvalue.
Irin o o o/



In the case of a non-viscous fluid, the relationship
between the tangential veloeity, and the radius of rotaticn is
-

given by the expression VR = constant

where V tangentizl velocity

and - R = radius of rotation.
howevery according to £rijgsman 3 it has been found expori-
mentally that the flow of water in & hydraulie cyclone is
approximated more closely by the fornula -
VR = constant, where n = 0.5 . This formula may
thus be uscd to estimate the tangential velocity at various
points in the cyclone and hence the centrifugal force acting

on a particle.

LABORATORY CYCIONY PLANTS HRECTED AT TEE FUAL RuSLARCH INSTITUTE.

Three Inch Diancter Laboratory Cyclons Coal Washer.
: A
In Driessen's original paper’, the results of

several tests on o cyclone washer ware giﬁén. From these
tests it appeared that the cyclone was able to effect cxcep-
tionally sherp separation for particles down to about % n.m.,
the separation equelling the exactnegs obtained in convention-
al heavy medium washers trecating coarse coal. Details of the
design of the cyclone unit and its operaticn were not given
however, and it was not possible, thercfore, to confirm
Driessen's claims and hence to determinc the suitability of
this process for trecoting Witbank duff coal. A4s the sclecticn
of a suiteble washer was a matter cf some urgenty, it was
decided to underteke the necessary experimental werk in order

to determine those data.

d
8)
@

(
A report on some tosts carried out on a 3 inch

diameter cyclcne by Geer and Yancey at the U, 8. A. Bureasu
of Iines was received before the experimental work was started.
This work was of a prelininary nature and the paper consequent-
ly contained no conclusive data on the influence of the

several variables. It formed, however, an invaluable basis

fOrees/
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for the more detailed investigations repofted in the present
paper.

4 3 inch dizameter cyclone, as used by the U. 8. A.
Bureau of Mines, was duly constructed and several tests were
carried cut on minus 1 mm plus 60 mesh coal, At first con-
siderable difficulty was experisnced in kceping the coal =nd
heavy medium pulp in suspensicn and this caused blockage of
the pipes, etc., and segregation of the heavier feed particles.
4s the operators gain:d more experience, these difficulties
were overcome and a satisfactory set-up was developed.

Although' the results obtained were most promising,
it was considered that the unit wos too small to be indicative
of commercial scale cperation. 4s fairly large quantitics of
washed Witbank duff coal were alsc required for coking tests,
it was decided to build a larger cyclone plant capable of
washing raw duff coal. It was considered that the use of the

larger plant would alsc expedite the investigotion.

Nine and a_half inch diameter Laboratory Cyelone Coal Wagher.

L

The first 9% inch diameter cyclone unit which was
constructed is shown in Fig. 3. This is a scale model -f
the 3 inch unit used by Geer and Yancey, except that the diam-
eters of the feed pipe and of the cpening in the apex of the
cone were increased tc minimise the risk of 1 stoppage. The
ccenical portion and feed pipe were fabricsted from brass and were
accurately machined internally to the dimensiors shown, while
the cover plate and washed coal receiver were constructed of
steel. A set of orifices and a set of nozzles having different
apertures were alsc provided. The nozzles were made of brass
and the orifice discs of stainless steel. The desigr of the
cyclone was later modified when the impcrtance of certain details
became apparent. Thcse alterations are fully discussed in the

text.
Theeo oo/
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The general arrangement of the plant is shown
diagrammatically in Fig 4, and in a photographic wview in
Fig. 5. A& three inch sands pump circulates the pulp in the.
feed tank ( which is of 600 gallons capacity), and is used to
ensure that the coal remains in suspension. This pump is
driven by ah 8 H.P. motor. The pulp is agitated by four
stirrers of the simple turbine type driven by é 5 H.P. motor.
Each stirrer is 12 inches in diamster, and rotates at 200
‘RvPM. The cyclone is supplied by a 2 inch sands pump driven
by means of a 19 H.P. paraffin engine, the feed pressure
being varied by altering the speed of the engine. It was
found that any desired feed pressure up to about 40 1b. per
sq. inch could be maintained by manually adjusting the engine
throttle. The feed pressure is measured by means of a pressure
gauge fitted to the feed pipe at a point approximately 8%
inches from the cyclone inlet. When making any alterations
to the cyclohe's operating adjustments, the feed to the cyclone
is by-passed to the feed tank by means of the valves indicated.
Continous flow through the feed pump isy thus, ensured. The
washed coal and tailing discharging from the cyeclone are led
to a sampling device from which they are returned to the
feed tank; by operating a lever on this device, the two
streams may be divarted to sample containers and thus be
collected separately.

Testing Procedure.

A quantity of water is run into the feed tank by
means of =~ hose and its volume is determined using a cali-
brated dipstick. The pumps ahd stirrers are then started and
heavy medium is added to the water until the desired specific
gravity of suspension is obtained. The specific gravity of
the suspension is readily found by drawing off a sample of
known volume from a cock fitted to the circulating pump
discharge. From the volume of the water and the final
specific gravity, the weight of suspension in the tank can

be.nl/



VALVES

CYCLONE

SAMPLER

—_—
—_—

SLURRY
r—
_—~STIRRER

L—FEED TANK

3" Pump

FIGURE 4

FIGURE 5.



Siole=

be calculated. T wet medium is used to prepare the suspension,
it’is.more accurate to stop the pumps and stirrers momentarily
in order to measure the volume of the suspension in the feed
tank. Having estimated the weight of the suspension, the
appropriate quantity of coal is added in\accbrdanee with the
pulp ratio. required.

When the orifice and nozzle to be tested have boen
fitted in place, the feed is admitted to the cyclone and the
pressure is adjusted to the required value. The product
and tailing discharging from the cyclone are returned to the
feed tank for a few minutes before taking samples in order
to ensure that conditions in the cycloné are stable. The
product and tailing streams are then diverted simultaneously
by means of the sampling device to suitable containers for a
known period of time. In this way, the throughput of coal
and the yield of product are readily determined.

Having obtained the required samplecs, the heavy
medium particles are rinsed off on fine screens using a water
spray manually applied. The wash water is collected in a
large tank and the medium is allowed to settle. The clear
water is finally drained off and the medium is treated in a
froth flotation cell before re-use, in order to remove any
coal slime with which it may have been contaminated.

After rinsingy the coal samples are drained and
air-dried in the sun and are then weighed in order to detormine
the yield of produet. .The product and tailing are then
sampled in accordance with standard practice for further

ahalysis.

Limitations of the Plant.

In view of the fact that the feed tank is able to
hold some 500 to 600 gallons of pulp, it appeared to be
possible to carry out several tests from the same batch of
feed. It was found, however, that the larger coal particles

degraded.../
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degraded progressively if they reﬁained in the apparatus for
any length of time. As both the efficiency of separation and
the specific gravity of separation are influenced to a certain
extenf by the size grading of the fecedy excessive differcnces
in the grading were not permissible. Although such size
degradation was unavoidable, it was found that this effect
on a serics of tgsts on one batch became practically negligibdble
if the actual test period did not exceed 15 minutes. In the
majority of cases, the tests were completed in less than this
time, so the size gradings should not differ appreciably.
Coal finer than 1 mm showed negligible size degradation after
half an hour or more in the apparatus, and was conscquently
used in several tests in which 1t was considered desirable
to eliminate this factor altogether.

It was also found that the pulp ratio did not remain
absolutely constant for all tests conducted on the samc
batch of pulp. The pulp flowing through the cyclone during
the first test of a series, invariably contained a2 uigher pro-
portion of coal than that passing in leater tests. The extent
of the variation depended on the size grading of the feed,
belng more pronounced the coarser the feced. From this it
was concluded that the agitation in the feed tank was in-
sufficient to maintain large particles (ca 4 inch) uniformly in
suspension. Increase of the agitation would have entailed |
material alterations to the plant and, as it appeared thot the
majority of tests were not affected to any great extent by
these variations in the pulp ratio,they were usually ncglected.
Some allowance should, however, be made when studying results

of a serics of tegts.

GENERAL REMARKS ON THE EXPZRIMENTAL WORK_ REPORTED.

Duff coal produced at Landau No. 3 colliery was
selected as being typical of the Witbank duff coals and
was used in the majority of the tests planned t0 investigate

the.o../
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the influence of the several variables on the cyclone perfor-
mance. In a few cases, fine coals from other sources were used
While awalting fresh supplies from Landau No. 3 colliery. how-
ever, the source from which the feed coal wes obtained is
clearly stated for each test.

Fine material was removed from the feed before wash-
ing, in order to facilitate rinsing of the samples and to
minimise the percentage of coal slime contaminating the heavy
medium after use. In view of the difficulty of dry-screening
large quantities of coal on fine sieves, 1 mm was selected as
the lower 1limit of size for the majority of tests and the
samples were rinsed free of medium on 60 mesh screens. “here
it appeared desirable to use finer feed, the duff was screcned
minus 1 mm plus 60 mcsh and samples werc recovered on 100
mesh screens, Since other feed gradings were used in a few
tests, it should be stated that samples were recovered on 100
mesh screens in all cases where the fcod contained material
finer than 1 mm, In the case of the final washing tests re-
ported, th: raw duff was screened at half inch in order to
remove abnormally large particles, but the fines were included in
the cyclone feed.

Commercial barytes (BaS04) was used as heavy medium
in all the tests reported in this paper, This material was
selacted as it was readily obtainable in a finely divided state
at reasonable cost. The following is an average analysis of

the barytes as supplied :=-

Chemical analysis. Siecve anhalysis.
BaSC,, 90 to 92 per cent +200C B.8.8. nil
8i0o, 6 to & p:or cent -200 +240 B.S.S. 0.76 p>r caent.
Fep03, 1 psr cent - =240 B.S8.S. 99.24 p r cent.

Specific gravity, 4.17.

Fine.../
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Finec coal is readily removed from barytes by mcans
of froth flotaticn, a mixture of 5 parts paraffin to 1 part
by volume cf pine oil being found to be a suitable reagent.
(Reagent consumptiocn is in the order of 2 1b. per ton of
contaminsted barytes).

As stated before, the samples of prcduct and tail-
ing were air-dried in the sun as other facil;ties were not
available. The moisture content of scme samples was determined
and was found to be of the order of 2 per cent and has conse-
quently been neglected except in the case cof the final washing
tests for which these values are recorded. All analyses are,
however, expressed on an air-dried basis.

Tixtures of carbon tetrachloride and bernzol were
used for float and sink analysis of samples in all cases. These
liquids evaporate readily from coal and their use thus simplifies

drying of the samples after analyses.

EVALUATION OF_ THE WASaING TESTS.

An investigation of this nature requires cne to
determine the relative importance and effect of each operating
variable by conducting a series of tests in eéch of which there
should be, as far as possible, only one vari=zble.

The relative importance of any variable can only be
assessed 1f 'a reliable basis of comparison is used.

One may consider the determination_of the overall
efficiency of thce process (using cne of the recognised fornmu-
lae developed for this purpose) as a suitable basis. FHowever,
it can be show&g)that the overall efficiency is a function
not only of the efficiency of the washer but also of the
specific gravity distribution of the feed coal. The overall
efficiency could, therefore, only be regarded as a suitable
basis of comparison if all tests were conducted on the same
coal and separations were effected at the same specific gravity

iNeeed/
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in all cases. 4s this would place an undue limitation on the
scope of the'investigation, the overall efficiency can not
be regarded as a generally satisfactory basis.

In fact, two distinect efficiency values are generally
involved, namely the overall efficiency of the process and
the "mechanical® efficiency of the washer. For convenicnce
these will be termeqd "washing efficiency" and "washer cfficiency",
réespectively. 1In systematic work, as envisaged, thc latter
factor is of prime importance, Unfortunately, no expression
for calculating the "washer efficiency" (as a percentage)
cculd be found in available literature. The so-called
"error area" that can be derived from the Tromp distribution
factor cur%gﬂof the washer can, however, be regarded as s

measure of the "washer efficiency",

&ssessment of the Washer Efficiency.

Since the evaluaticn of the exXperimental work
described in thig paper is based largely on the Tromp
distribution factor curves, the procedure for obtaining these
Nay again be briefly described,

The distribution factor curve propcsed by Tromp,

indicates what bercentage of each specific gravity fraction of

the feed was Tecovered in the clean coal (or product) and what
was rejected in the tailing. This curve 1s, therefore, inde-
pendent of the actual quantity of material present in each
Specific gravity interval,

In order to determine these bercentages, it is
necessary, as a first step, tc carry cut separate float and
sink analyses of the washed product and of the tailing. The
distribution factor (or percentage recovered) for each specific
gravity interval is then calculated from the float and sink
data as illustrated by the numerical example shcwn in Table 1.
In this case, the yield of washed product was 63 per cent

of the feed coal,



Er 1

I4BLE 1.

Method of Determining the Tromp Distribution

Factors.

f % | ‘ é
{Specific Product *  Tailing | Feed Distribu- |
: (63% of Foed ) i(37% of Feed ) | i ticn 2
Gravity | % of - % of P % of | % of | % ' Factor % |
.Product Feed  Tailing|{ Feed ; ; ' ;
Stage ia x 0.63 | lc x 0,37 * b+ d!b=ec x 100
% | | z l |
i a ! b b el d { e | i :
To 1.3 | 13.5 I 8.5l o.g % 0.11 | 8.62 98.g §
1.35-1.4 | 26,9 16.95 ¢ 5.3 1 1,96 | 18,911 89.6 i
1.4-1,45 8.3 | 5.23 | 20.1 | 7.44 ; 12,67 41.3 ;
;1.45-1.g 1.8 i l.20 1.18.0 ., 6.66 . 1 7.86 ! 15.3 |
351,58 1« 68 | ©.56 | 36.3 | 5l 7 Buel . 6.2 |
> 1.58 0.8 ¢ 0.50 | 34.2 | 12,65 | 13.15 ; 3.8 :

| Total {100.1 63,07 (100.0 | 37,00 100,07 : -

The cdistribution factor for each specific gravity
interval is now plotted against the mean specific gravity of that
interval; thus, the distribution factor for the interval 1.3 to
1.35 would be plotted at 1.325 specific gravity. In the case of
most South African ccals, it may be assumed that there is nc coal
having a specific gravity lower than about 1.28, sc that the
mean of the first stage in the example is taken as 1.2G., The
distribrtion factor curve showp in Fig. 6 has been plotted in
this manner from the data in Table 1.

Tromp defines the specific gravity of separation as the
specific gravity at which half of the material present goes to the
product and half goes to the tailing i.e. the distributicn factor
is 50 per cent at the specific gravity of separation and the
latter may thus be read off the curve (1.425 in Fig.6).

The shape of the Tromp distribution factor curve is
virtually independent of the specific gravity distribution cf the
feed and the specific gravity of separation. It is influenced,

howevery..../
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however, by the size grading of the feed and, in the case of
some washers, by the load. ‘The load does not affect the dis-
tribution factor curve of a heavy medium washer to any extent,
provided that the washer is not overloasded. This curve nay,
therefore, be regarded as a characteristic of a washer for a
feed of specified size grading,

Since the distribution factor curve, in effect, shows
graphically the deviation from the ideal separation (i.e. a
vertical line througch the specific gravity of sceparation), the
shape of the curve will clearly be a measure of the washer
efficiency. 4 numerical value for the washer efficicnecy may
be obtained by redrawing the curve as shown in Fig. 7, 1.c.
the upper portion of the curve in Fig. 6 has merely been
rotated through 180 degrees around phe 50 percent distribution
factor line. The shaded area, usually termed the "error area",
will then be a numerical measure of the washer efficiency, i.e.
the smaller the error area the greater is the washer efficiency.

In order to obtain the true error area, the complete
Tromp curve should be drawn as indicated by the dotted lines in
Fig. 7. Theorctically, it is possible to obtain the complete
curve mathematically when three points on the curve have been
determined by float and sink analysis. In practice it was
found that it was not advisable to adopt this principle beéause
float and sink data are not sufficiently accurate}and a truer
picture is obtained by determining as many points as possible
experimentally. 1In the case of the tests reported in the pre=~
sent paper, float and sink analyses were carried out at six
specific gravities between the limits of 1.3 and 1.58, and a
nean curve was drawn through the distribution factor values
obtained. The greéter part of the Tromp curve could be drawn
in this way as the cyeclone separatipns were mostly effacted
between 1.35 and 1.4 specific gravity and were usually reason-
ably exact. Float and sink analysis was not continued beyond
1.58 specific gravity as tuis is the maxinmum which can be

attained.../
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attained with carbon tetrachloride at room temperature. Higher
specific gravities would have required the use of expensive
liquids, such as bromoformyand this would have severely restrict-
ed the number of samples which cculd be ahalysed. 8ince the
coéplete distribution factor curves were not obtained, it was
not possible to determine the error areas and their usec as a
basis for comparison wasy thereforey not possible. The curves
could have been extrapolated beyond the limits of the float and
sink analysis but this was not considered to be justifiable.

It was found, however, that sienificant differences in the
washer efficiencies could readily be detected by comparing the
shape of the curves. Comparison of the curves is facilitated
by transferring one or more of the curves to tracing paper and
then superimpcsing one on the other,

Determination of the Washing Efficiency.

It has been pointed out that the washing efficiency
alone is of little value when the influence of alteraticns to
the operating adjustments of a washer are to be assessed.
~However, as the same coal was used in the majority of tests
carried ocut during the investigation, it was found that the
determination of the washing efficiency was of definite value.
Thus it could serve -as a guide to indicate errors in the
ahalyses, For example, a high washing effiéiency would not be
consistent with a large error area.

The Fraser and Yancey expressiogu%or determining

o . e i

washing efficiency has been used throughout, i.e.

. ey | _ _Ya Af - Aa :
Washing efficiency f 5 X R x 100%
where Ya = actual yield of product,%
Yt = theoretical yileld at the specific gravity
of separation, %
Af = ash content of the feed, %
da = actual ash content of the product, %
At = =ash content of the theoretical product at

the specific gravity of separaticn,%

Definition ..../
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DEFINITIONS OF TEHENMS

In order to avoid confusicn, the terms used in
reporting the experimental work have been standardised as
follows ¢-

Diapeter of_a_cyclone 3 The internal diameter of the parallel

pcrtion of the cyclone.
Orifice 3 The opening in the cover plate of the cyclone.
Nozzle : The opening at the apex of the cone.

Feed Pressure : The pressure neasured in the feed pipe at a

pceint approxinmately 8%-inches from the cyclone inlet.

Specific crovity of suspension : The specific gravity of the

heavy nedium suspension as prepared in the feed tank.

Pulp Retic: The ratio between the weight of suspengion and the

weight of coal in the pulp.

Specific_gravity of separation s The specific gravity at which

the Tromp distribution factor is 50 per cent. (In a few
tests, another rmethod was used, but this is clearly stated.)

Washing efficiencz :  The value obtained for the overall

efficiency using the Frager and Yancey expressicn.

Washer efficiency : The efficiency of separaticn as denoted
by the shape of the Tromp distribution factor curve.

Nozzle loading ¢ The quantity of refuse passing through the

nozzle in unit time, expressed in tons per hour per inch
nozzle diameter.
Product ¢ The washed coal discharged from the orifice.
Tailing ¢ The rafuse discharged from the nozzle.
Ton.s 2000 1b.
. Capacity or throughput : The quantity of raw coal passing.: .

through the cyclone in unit time.
Ash content of feed ¢ The ash content of the feed as calculated

from those of the prcduct and tailing obtailned.
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THE MAIN OPARATING CHARACTSRISTICS OF - 4
9% INCH DIAMETER CYCLONE WASHER.

SCOPT_OF Thi INVLSTIGATION.

The application of the cyclone principle to the
beneficiation of ccal is a comparatively recent developrient
and ruch fundamental and practical research remains to be
done. The work is of such magnitude that it is essential
at the outset tc limit the scope of one’s investigaticn in order
to reach somc stace of finality within a rceasonable period of
time.

As explained, the prime object of undertaking investi-
gational work at the Fuel Research Institute was tc deternine
whether the cyclone washer would be a suitable neans for re-
covering the coking fraction from Witbank duff coal. It was
consequently decided to give preference to a practical experi-
mental investigaticn, and to abandon any attenpt at a protract-
ed study and nathcrmatical analysis of the moticn of sc¢lid
particles and of the flow of water in a cyclone, although it
was realised that such an analysis would be invaluable tc a
clear understanding of the operation of the washer.

although all possible avenues have not been fully
explored, the final separations which were obtained are con-
sidered to be fair indicaticns of the cyclone's potentialities.
While no attempt is made to formulate theories regarding the
rmechanics of the separation in a cyclone, tentative explan-
ations of observed phenormena are offered.

It is loped that the present paper may constitute a
useful bhasiec for further study of the operation of the cyclone

washer.
Characteristics o../
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CriARACTERISTICS INV..STIGATED.

aApart fror economic considerations, the suitability
of a washer for sny specified separation is deternined
principally by its capacity and efficiency. The experinental
work was, therefore, aimed at cbtaining the optimun efficiency
and capacity when washing “itbank duff coal in the region of
1.35 to 1.4 specific gravity in the 94 inch diameter cyclone..
Tt wae decided to concentrate on separations im this low
specific gravity range, as such separations prcbably represent
the most formidable washing problem likely to be ehcountered
in practice and would, therefore, be the most stringent test
for the cyclone washer.
The influence of the following factors on cyclone
perfcrmance were investigated -
(1) Design of the orifice.
(2) Relaticnship between orifice diameter and nozzle
diameter.
(3) S8pecific gravity of suspension.,
(4) Pulp ratio.
(5) Orifice diameter.
(6) Relationship between the diameter of the nozzle
and the grading of the feed.
(7) TFeed pressure.
(8) Feed pipe dianmeter.
(9) Apex an;zle of cyclone.
(10) Size gracing of feed.
although some data had been obtained from the tests
conducted on the 3 inch diameter cyclone, there was vecry
little conclusive infcrmation on the influence of the several
variables at the time when the investigaticn of the é% inch
diameter cyclons commenced. The investigation was consequent-
ly in progress for some time before the relative importance
of the variablcs was fully appreciated and it became possible

GOl o mla/
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to plan the experimental work in more logical sequenco. 4n
cutline on all the tests carried out and the conclusions

drawn from each will not be attempted, as it is considerecd that
the operating cheracteristics of the cycloné can be depicted
more clearly by dealing with each factor separately in the
light of the author's ultimate knowledge of the subject as a
whole.

Since the 'variables are largely interdependent, it
is not possible tc discuss the importance of each withcut
ecross reference to several others. The author has consequent-
ly endeavoured to arrange the paper in the most convenlient
sequence in this respect.

Sufficient experimental data will be found in the
body of the paper to indicate general trehdé. The - intercsted
reader will find a full compilation of analytical results in

the appendices.

THE INFLUENCE OF ORIFICE_ DESIGN.

In preliminary testé%z)a simple disc orifice was
used of the type illustrated in Fig.3. When atudying the
Tromp distribution factor curves obtained for these tests,
it was observed that the deviation from the ideal separation
was greater for specific gravities in the.refﬁse zone, than it
was for specific gravities lower than that of the cuttihg
point.

This is illustrated by the Tromp distribution
factor curve for one of these tests (Nu.11B) shown in Fig 8.
It will be quite clear, simply by inspection, that the shaded
area to the right of the specific gravity of separation is
greater than the area to the left. If the complete Tromp
curve could be drawn, the difference in these areas would be
quite substantial., This diagram indicates, then that the

deviatione.../



deviation is grester for specific gravities higher than the
specific gravity of separation. In other words, the percentage
of "gink" material recovered in the product would be greater
than the "float" lost to the tailing if the specific gravity
distribution of the feed were uniform.

This effect could be explained by assuming that some
of the feed coal was actually leaving the cyclone tinrough the
orifice before a specific gravity separation had been effected.
Similar by-passing of material has been observed in cyclone
dust collectors and a vortex tube is used to prevent this
happening. It wss, therefore, decided to determine Whether
the replacement of the disc-orifice by a tube projecting be-
neath the cover plate, as shown in Fig. 9, would yield better
results. If bencficial, it would then be necessary to deter-
mine the optimum length of tube to be used.

4 series of tests was accordingly conducted, in which
tubes of various lengths were used instead of a disc-type ori-
fice. The results of these tests are rcported in Table 2,
and the corresponding Tromp distribution factor curves are

shown in Fig. 10.:

The_Influence of Orifice Tubes of Various Lengths.
The following conditions were constant for all tests i~

(1) 9&" diamcter cyclonc, 25° apex angle, 13" diameter’
feed pipe. '

(2) Orifice tube diameter, d, l% inches.
(3) Nozzle diamater l% inches.

(4) Feed coal:.- Landau No.3, -z" + 1 mm.
(5) 8pecific gravity of suspension, 1.28
(6) Pulp ratio, 6 to 1.

(7) TFeed pressure 7% 1lb. per sq. inch.

Test NOweosr
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Test No. '18C {19 C 20D 20 E, 20 F| 20 G! 20 H
FEE: | B
Tubo length, Fyinches.|ori- | B | 1% | 1% | 2% | 3% 3%
fice i S :
Yield of product, % : 30'8; 29,8! 34,3 38¢3: 38.6] 41.8 | 41.9
Ash content of product,% 5.81 54| 5.6| 571 5.7 5.8! 5.8
Ash content of feed, %] 14.4| 14.3; 14.1)| 13.4| 13.8! 13.5 13.6
Specific Gravity of . _— N :
ereraiton, %1.348 1.348 1.358| - - 1.378% -
Washing efficiency,% | 88 | 91 | 96 - b= 197 |-
¢ i o i

e

Comparing the yicld, the ash content and the washing
efficiency figurcs in Table 2, it appears that the use of the
tube improved the performance meterially. However, the Tromp

sdistribution factor curves do not show as marked a decrease in
the deviation for specific gravities above that of the cutting
point as was anticipated. Variation in tube length abov: 5/8
ineh did not appear to influence the efficiency of separation

to any appreciable extent, but a tendency towards incrcasing
specific gravity of separation with incrcase of tube length 1is
evident, Tests 20D to 20H were carried out on the same batch of
feed coal in the order indicated and, as the various tubes had to
be fitted in place after each test, the total time taken for the
series was greater than usual. The fced probably degraded to a
considerable decgree during this period and any improvement in
the efficiency may thus have been obscured. Dégradation of the
feed may also account for the increase in the specific gravity
of separation observed in Table 2.

‘Ir order to confirm that the use of an orifice tube
does actually improve the efficiency by decreasing the percentage
of héavy material recovered in the product, the tests shown in
Table 3 and Fig.ll were carried out. Tests 214 and 21B werc
conducted on the same batch of feed coal, but since the samples
were taken within a few minutes of one another, the differ@ﬁce
in fced sizc is probably negligible., This also applies . to tests

21G and 21K, for wnicn tests a fresh batch of pulp was used.
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TABLE 3.

The Influence of an Orifice Tube on the Efficiency

A e o O TGS S e M - AR A 53 G S A S S Bt B Y % S =

of Separation.

The following conditions were constant for all tests.
(1) 9% inches diameter cyclone, 1% inches diamcter feed pipe,
apex angle as indicated.
(2) Orifice tube diameter, 4, 17/8 inches.

(3) Feedt=- Landau No.3 duff, -%@_inch plus zero, plus 100 mesh
recovered,

(4) Specific gravity of suspension, 1.28.
(5) Pulp ratio 6 to 1.
(6) Feed pressure, 74 1lb. per sq. inch.

Test No. | ' 2la |21B| 21G| 21H
Apex angle, degrees. I 25 o5 38 38
e . y , 2 E disc disc

rifice tube léngth, ¢., inches. Orifice Orifice
i ! L= 0 11/4 L= 0 117/4-
Nozzle diameter, inches. 12@ 15@ 1Y 13
lYield of product, % - 138.3 38.5 34.2 '30.0
lash content of product, % 7.3 6.0 7.2 6.2
iAsh content of feed, % 15.2 | 14.7 15.0 14.7
Specific Gravity of separation! 1.365 1.37 | 1.35%5 1,348

The results of the tests reported in Table 3 clearly
indicate that the efficiency of separétion is substantially
improved by fitting an orifice tube in lieu of a disc-type ori-
fice. Thus, the yields of product obtained in Tests 214 and
21B are practically the same, but the ash content is consideradbly
lower in test 21B in which the orifice tube had been used.
Similar results will be observed in the case of tests 21G and
21H.

If the Tromp distribution factor curves for these
tests are compared (Fig.l1ll), it will be noted that the shape of
the upper portion of the curves virtually remains unchanged,
‘while the deviation of the lower portionsg is decreased for the
tests in which the orifice tube was fitted. This shows that the
recovery of "light" coal is not affected by the tube, but that
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the recovery ofYheavy " material is decrcased.

At that stage, it had been proved that the tube had
the desired effect but it still remained to determine the opti-
mum length and to investigate the influence of the tube length
on the specific gravity of separation. Fine feed coal was
selected for these tests in order to minimise the degradation
effect during the experiment., Details of the tests will be
found in Table 4 and the Tromp distribution factor curves are

shown in Fig.12.

TABLE_ 4.

The Influence of Orifice Tube Length-
on Cyclone Performance.

The following conditions were constant for all testsi=

(1) 9% inches diam:ter cyclone, 25 derrees apex angle, 1% inches
diameter feed pipe.

(2) Orifice tube diameter, d, fnb inches.

(3) Nozzle diametor, 15é inches.

(4) TFeed coal i~ Landau No.3 duff, -1 mm +60 mesh.
(5) Specific Gravity of suspension, 1.3

(6) Pulp ratio, 6 to 1.

(7) Feed pressure, 74 1lb. per sq. inch.

Test No.. 31 7|31 Ul31 v 31wl 31 x| 31 ¥|31z |31aa

Orifice tube length 5/, i 7 i 1 i 1
inches. 0 8 |14 1@ Qé 3éi9é‘16@
Yield of product,% | 41.4| 37.1{44.5} 46.1| 45.4 47.6148.0]31.3

4sh content of - .
% product ;% 6.5 5.9 5.6| 5.9 507; 5.7 5.7| 8.8
Ash of feed, % 14,9 15,0{13.8| 14.3| 14.7/14.3] - (15.0

i

5.G.of separaticn vl.375il.365 - 11.3951.39 1.395 1.451.32
| : ! i _ | : ;

8inces.../






- 98 =

Since the washability curves for this seriles
of tests (see appendix 3) show that the composition of the feed
did not vary materially, the yields and agh contents of the pro-
ducts are a measure of the cyclone performance. These figures
indicate that the efficiency of separation increased as the tube
length was increased from zero to about 1% inches and then
remained substantially constant for further increase in length to
94 inches. - & tube 16% inches in 1eng£h evidently gave rise to
disturbed conditions as will be seen from the poor results ob-
tained,

The Tromp distribution factor curves for these tests
(Fig.l2) show the same tendency. The deviation at the higher
specific gravities has been decreased by increasing the tube
length from zero to lZ@ ihches and the shape of the curves then
remains practically constant for tubes up to 9% inches in length.
Unfortunately the samples of test 31V were spoiled during float
and sink analysis, but the yield and ash figures suggest that the
Tromp curve would not differ appreciably from that of, say,
test 31X.

8light variation in the specific gravity of separation
will be noted for tube lengths up to about 1l inches (Tests 31T,
31 and 31V). This is ascribed to experimental errors since the
specific gravity of separation appears to be reasonably constant
for greater tube lengths, test 314A being excluded. The tendency
towards increase of specific gravity of separation with increas-
ing tube length, which was observed in Table 2, is probably due
to the effects of degradation.

From this work it appears that the tube length is not
critical provided that it exceeds a minimum length of about 1%
inches and is not abnormally long (since a tube of 164 inches
in length appears to give rise to disturbed conditions). The
fact that a tube only 5/8 inch in length improves the efficiency
noticeably, suggests that material which tends to by-pass the
cyclone does soO just beneath the cover plate. Since the length

’Of..t ./
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of the parallel portion of the cyclone was 2% inches, a practical
rule would be to make the tube length about equal to the length
of the parallel portion, "thus satisfying the terminal conditions.
In a patent applicatio£l3%y the Dutch State Mines, a
sketeh of a cyclone is shown in which the feed pipe is inclined
downwards at an angle of approximately>5 degrees to the plane
of the cover plate. It has not been considered worth while to
determine the influence of this modification and its purpose is
not stated, but it is presumably intended to decreasec the ten-
dency of the feed to by-pass the cyclone. Inclination of the
feed pipe may alsc improve the flow characteristics of the

cyclone by minimising shock losses, etc.

THE_INFLUENCE OF THE NOZZLE AND_ORIFICE COMBINATION.

The influence of the rela%ionship between the diameter
of the orifice and the diameter of the nozzle on the performance
of the cyclone is illustrated by the serics of tests reported
in Table 5. For convenience, the diameter of the nozzle was
varied in these tests while all other operating adjustments
were kept constant. To facilitate interpretation of the resuits,
specific gravity of scparation has been plotted against nozzle

diameter in Fig. 13.

IABLE 2.

The influence of the Nozzle dismeter when
all other variables are constant.

The following conditions were constant for all tests i-

(1) 9% inches diameter cyclone, 25 degrecs apex angle, -1
inches diameter feed pipe.

(2) 17/8 inches diameter orifice tube projecting 1} inches
benecath cover plate. '

(3) Feed pressure, 7% 1lb. per sq. inch.
(4) Specific gravity of suspension, 1.3.
(5) Feed coal; Landau No. 3 duff, =" +1 mm.

(6) Pulp ratio, 6 to 1.
Test Noesoo/



Test No. . 29D o0F . ¢ 29G

1yl a3 1y,
22.3 | 32.6 40.2] 56.6 66.1
4,91 5.40 5.8, 6.4 7.1
14,2 | 13.4; 13.30 12,2 12.1
1.355 §1.367§ 1.385 | 1.415 1.442
2.2 ¢ 1.831 1.66  1.65. - i

- 29H 291

o i e = e

Nozzle diameter, inches 1%@

Yield of product, %
4sh content of producty%

iash content of feed, %

iSpecific gravity of
separation.

iCapacity, tons per hour

It will be seen from these tests that the diameter of
the nozzle determincs the specific gravity at which the separation
is effected, all other variables being constant, and Fig.13
indicates that there is a definite relationship between nozzle
diameter and specific gravity of separation under these con-

ditions. It is important to note that the specific gravity

of separation increagses with dgcreasing nozzle diameter. Other
tests have shown that a similar effect is obtained if the
nozzle diameter is kept constant and the orifice diameter is
varied. In this case, the specific gravity of separation

increases with increasing orifice diameter. Thus, a separation

at 1.355 specific gravity (Test 290) could be changed to a
separation at 1.442 by keeping the orifice diameter constant at
1Zé inches and reducing the nozzle diameter to lg inches as in
Test 29I. Alternatively, the nozzle diameter could be kept
constant at 17 inches and the orifice diameter could be increased
from 1%@ inches to the appropriate size. It will be clear,then,
that within practical limits any orifice (or nozzle) whatso-
ever may be used for a given separation provided that)gg}rOpriate
nozzle (or orifice) is also used. In other words, the relation-
ship between the orifice diameter and nozzle'diameter.determines
the specific gravity of separation and, in general, the greater
the ratio betwsen the orifice and nozzle diameters, the higher

is the specific gravity of separation, other variables belng
constant. Since the specific gravity of suspension largcly

determinégs.s..../
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determines the relationship between the orifice and nozzle
required for a specified separationy it will be appreciated

that the number of combinations of orifice and nozzle which
could be used is almost infinite. However, as will be shown
latery the actual diameters of the orifice and nozzle (and their
relationship) have an important bearing on the capacity, effici-
ency and size grading of feed which can be treated. Therefore,
the final selection is largely governed by these factors.

Apart from the specific gravity of the suspension,; the
relationship between the orifice and nczzle diameters affords
the most important means of controlling the scparation and has
the advantage that an alteration to either the orificc or nczzle
diameter varies the cut almost instantaneously. In practice
it will probably be most convenient to vary the nozzle as it
is usually more accessable than the orifice. The range of
variation of specific gravity of separatibn which may be ob-
tained by nozzle control is limited, however, by the size
grading and specific gravity distribution of the feed and the
capacity required. The reason for this is discussed in detail
in a later chapter.

The Tromp distributicn factor curves relating to this
series of tests are shown in Fig, 14, Comparison of these curves
suggests that the eofficiency of separation is not affected to
any apprcciable extent by variation of the nczzle diameter
between the limits investigated, It must not be assumed, how-
ever, that such a wide variation of nozzle diameter wculd be
permissible under all conditions. A nozzle (or orifice) of any
specified diameter is only able to pass a certain maximum
quantity of coal in unit time, feed pressure and other variables
being ccnstant. if the maximum permissible rate of discharge
of sclid is exceeded, the efficiency will be impaired. The
smallest nczzle which can be used for any dcsired separation
will thus depend on the capacity required and on the washability

charactcristics../
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characteristics of the feed (i.e, on the percentage discard).

In the series of tests under discussion, the percentage
tailing as well as the capacity decreased progressively as the
hozzle diameter was reduced and this resulted in a substantial
decrease in the rate of discharge of refuse. Since the efficien~
cy of separation appears to have remained constant, it may be
concluded that the nozzle was not overloaded in any of these
tests.

The progressive decrease of capacity which will be
observed in Table 5y is not a feature of the cyclone, but is
due to settling of coal which takes place in the feed tank during
a series of cxperiments conducted on the same batch of feed
(i.e. the pulp flowing through the cyclone contains more coal
for the first test of a series than it does for the last test
from the same batch of pulp). Since the pulp ratio of the slurry
actually passing through the cyclone is verisble, small changes
in the capacity due to a change in the rate of flow of pulp
are likely to be obscured. In order to obtain some ides of the
influence of the nozzle diameter on the rate of flow of Aal
several tests were carried out using water as feed, the offlu-
ents from the orifice and nozzle being collected and weighed.

The time taken to collect these quantities was also noted. The
results of these tests are reported in Table 6.

TABLE 6.

Influence of Nozzle diameter on_the flow of
water through a Cyclone.

The following conditions were constant for all tests -

(1) 9% inches diameter cyclone, 25 degrecs apex angle, 14 inches
- dlameter feed pipe.
(2) 1% inches dismeter orifice tube projecting 1} incheos
8 Z
beneath cover plate.

(3) Feed pressure, 10 1b. per sq. inch.
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Nozzle diam. i Rate of flow of feed. Flow through Orifice
(inches) (1b.per sec.) { Dpercentage of total‘
J%f 8.1 | ' 50.6
i1 A iy S 60.3
llé 743 67.0
1% 7.2 74,9
114 7.2 82.1 i

These tests indicate that the total rate of flow
through the cyclone is not affected appreclably by variation
of the nozzle diameter between the limits investigat.d.

It is interesting to note that tne proportion of
water flowing through the orifice increases as the nozzle
diameter is decreased, the relationship being approximately
linear. Ceomparing Tables 5 and 6, it will be seen that an
inecrease in the proportion of water flowing through the orifice
corresponds to an increase in the specific gravity of‘soparation.

Referring again to Table 5, it was stated that all
variables, with the exception of the nozzle diametern had been
kept constant. It was subsequently realised,,howe-ver9 that this
was not strictly correct as one variable had been neglected,
viz. the ratio between the nozzle diameter and the mean size of
the tailing. Disregarding possible degradation of the feed,
this ratio decreased when the smaller nozzles were tested.
Nevertheless, it does not appear that the results obtaincd
were influenced by this oversight, as later tests proved that
the separation of minus %ﬁ inch plus 1 mm feed is only affected
by this factor when the nozzle dismeter is less than about 1%/
irches. '

) As.stated previously, any orifice (or nozzle) may be
used to effcct a spegified separation provided that the appropri-
~ate nozzle (or orifice) is also used. This is illustrated
in Table 7, in which various suitable combinations of-orifice
and nozzle are shown for a separation at approximately 1.35

specific «../
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specific gravity. The specific gravity of the suspension was
kept constant at 1.28 for all these tests and vaerious orifices
were fitted, The appropriate nozzle for each orifice was then
; . 814) _
determined by experiment. A4n approximate method was used to

determine the specific gravity of separation in each case.

T4BLE 7.

s T AT D -4 7

Some_combinations of the Orifice and Nozzle which could
be_used_to effect_a separation at_spproximately 1.35 3,G.

The following conditions were constant for all tests :-
(1) 9% inches diameter cyclone, 25 degrees apex angle, 14
inches diameter feed pipe.
(2) Specific gravity of suspension, 1.28.
(3) Feed coal:-Landau No. 3, -4 +1 mm.
(4) Pulp ratio, 6 to 1
(5) Feed pressure, 7% lb. per sq. inch,
(6) Disc-type orifices used in all tests.

Test No. 228 | 18c| 22D ! 226
Orifice diameter, inches. i elal Al a1l e
iNozzle diameter, inches. ; l%& 1§g 1fﬁ 1
Yield of product, % b 29,21 30,8 | 34.3 34.3
adsh of product, % 5.8 5.81 6.0 i 5.8
Ash of feed, % 14.41 14,4, 14.8 '15.3
8.G. of separation. 1.35| 1.35{1.36 21.36
Washing efficiency, % 83 88 86 | 86
Capacity, tons of feed per hour. 240 2.3 % 2.0 i 1.4
Diameter of largest permissible 5

particle, inches. 0.35] 0325 |0.25 , 0.2
Total flow of water, lb.per sec. Bald 7245 % 5.9 1 4s)
Feed pipe velocity, ft.per sec. 10,6 9,8] 7.7 | 5.4
Centrifugal acceleration at the 4800 200 100 600

radius of the orificey,ft.per sec% 5 5 >
’ i

These tests are not of considerable value as the
Tromp distribution factor curves were not determined, hence no
reliable conclusion can be drawn as to the influence of the
various orifice and nozzle combinations on efficiency. riowever,

it is important to note that the capacity shows a tendency to
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decrease when the smaller orifices are used. This was later
confirmed by tests using water as feed. The results of these
tests are also shown in Table 7., It will be noted that the
rate of flow decreases with decreasing orifice diameter.

Later tests indicated that the largesé particles
present in the feed should not exceed about one fifth of the
nozzle diameter. The largest permissible particles were, there=-
fore, estimated on this basis as shown in Table 7

'Since the Witbank duff coals which were to be washed
finally in the 9% inches diameter cyelone contain particles of
half to quarter inch, it was clear that the smaller sizes of
orifice and nozzle would not be suitable for thesec separations,

As small orifice and nozzle combinations also decrease the
maximum capacity attainable, it was decided to limit furtiier work to
large orifices, with the object of determining the maximum
permissible diameter of this aperture. The tests conducted

in this connection are described in a later chapter.

Altaoough the present investigation is not concerned
with the separation of material which consists entirely of very
small particles, an analysis of the probable influence of the
orifice and nozzle combination on the efficiency of separation
of such feed may be of interest.

Assuming that tie relationship between the tangential
velocity and the radius of rotation is given by the expression,
VRél: constanéz)it is clear that the centrifugal force acting
on a particle becomes greater as the radius is decreased. Since
the centre of the vortex in the cyclone is occupied by air, it
follows that the radius of rotation of a particle can not be
zero but is limited by the diameter of the air column. Ais a
first approximation, the minimum radius of rotation may be taken
as being equal to the radius of the orifice (this is a reasonable ap
proximation as observations have shown that the rotating ring

of fluid issulng from the orifice isg comparatively thin).

Thero--/
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The centrifugal acceleration at the radius of the
orifice was consequently calculated for the tests in Table 7
- as shown. (For simplicity9 it was assumed that the tangential
velocity at a radius of 4 inches was equal to the feed pipe
velocity). It ~ill be seen from these values that the centrifu-
gal force in the vortex tends to increase when the smeller
orifices and nozzles are used, notwithstanding the fact that the
feed pipe velocity decreases, This would clcarly be an
advantage in the separation of small particles. Now, it seems
reasonable to suppose that the time spent in a giwven cyclone
(or period of pulp retention) would be inversely proportional
to the feed pipe velocity (or to the rate of flow) and would,
therefore, increase as the orifice diameter is reduced. In
other Word59 8 greatesr period will be available for- the separa-
tion to be completed and, as explained before, this factor is of
great importance in the case of smgll (and near gravity)
particles.,

It appears, then, that the use of small orifices and
nozzles would be beneficial when the feed consists of small
particles, as both the centrifugal force at exit and the period

of pulp retention are increased in this way.

THE INFLUENCE OF THE SPECIFIC GRAVITY OF THE SUSPENSICN.

T TS IS WIS S Dt S

As explained previously, the relationship between the
orifice diameter and the nozzle diameter determines the specifie
gravity of sepération when the Spécific gravity of suspension
is constant.

Other tests have shown that a decrease in the specific
gravity of separation results when the specific gravity of the
suspension is reduced,lthe heavy medium, the orifice and nozzle
diameters being kept constant. It follows, then, tnat the ratio
of orifice diameter to nozzle diameter must be increased as the
specific gravity of Suspension is decreased in order to maintain

L=t SRS R AN
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a constant specific gravity of separation. In other Wwords,

two variables must be altered in order to investigate the in-
fluence of the specific gravity of suspension on cyclone
performance for a fixed separation. Since the investigetion was
primarily concerned with separations at predetermined specifie
gravities (1.35 to 1.4 5.G. for Witbank duff) this procedure had
to be adopted.

Four suspension specific gravities were selected for
the first series of tests which were conducted to investigate
the influence of this variable on cyclone performance. The
orifice diameter was kept constant and the nozzle diameter was
varied in order to obtain a separation in the region of 1.35
specific gravity with each suspension tested. The results of
tests 1in which the separation was affected at approximately the
required point are repérted in Table 8, and the corresponding

Tromp curves are shown in Fig. 15,

L4BLE 8.

Influence of_ the Speeific Gravity of the
Barytes suspensiocn on Cyclone performance.,

The following conditions were constant for all these tests:-

(1) 9% inches diameter cyclone, 25 degrees apex angle, 1%

inches diameter feed pipe.

(2) 1Zéinches diameter orifice tube projecting 1% inches be-
neath cover plate.

(3) Feed coal :- Landau No. 3 duff, —%" +1 mm,
(4) Pulp ratio, 6 to 1.
(5) Feed pressure, 75 1b. per sq. inch.

Test No..../



Test No, | !-29A 284 [28B 20D | 29D | 29F
Specifie gravity of sus-
Nozzle diameter, inches. % 1% | 14 1% 1% | 1%
Yield of product, % 39.5) 31.0 | 25.9 |34.3| 22.3] 32.6
Ash of product, ¥ 7.4| 6.1 5.3 5.6/ 4.9] 5.4
Ash of feed, % 13.4] 15.3 | 14.3 | 14.1] 14.2] 13.4
Specific Gravity of sep- | 36301,375 11.36 1.358/1.355/1.367
: . | | :
Yashing efficiency, % ' 84 87 ‘ - 96 89 ) 96
Capacity, tons per hour 3200 N2aTiE | 2.44/ 2,13 2,12 1.83
Refuse, tons per hour _; . . A
per inch nozzlc dinmiter ! 2:2511 1u67 141'45 s 0'94J Lorle
: | | :

Although the results are somewhat variable, one gains
the general impression from Table 8 and the Tromp distribution
factor curves shown in Fig. 15, that there is a tendency for the
efficiency of scparation to decrease as the suspension specifie
gravity is reduced. However, it will be noted that the loss of
efficiency (if any) is less noticeable over the specific gravity
range 1.3 to 1.24 than in the range 1.24 to 1.20. This fact
suggested that the poor efficiency obtained in test 294 was not
entirely due to the relatively low specific gravity of suspension
used. Furthermore, it was observed that in both the tests
(294 and 284) in which the efficiency was impaired to a notice-
able degree, comp-r:=tively small nozzles had been fitted., Now,
since the foed coal was relatively large compared with the
diameter of these nozzles, it was concluded that the variation
in the relaticnship between the diameter of the nozzlec and the
size of the coal bassing through it, was at least partly
responsible for the loss of efficiency noted. (The significance

of the guantitics passing through the nozzle was not appreciated

until latern),

Since it was impractical to maintain a constant
relationship betwecn the diameter of the nozzle and the size
of the meterial passing by altering the grading of the feed
for each nozzle, and since all sizes of coal are not cut with
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equal efficiency, it wag decided to repeat the testg referred
to above using fine feed coal. Even the smallest nozzle used
would then be large compared with gize of the coal particles,
and the influence of the relationship between the nozzle diameter
and the size of the materizil would be minimised, if nct entirely
eliminated., The results of these tests are reported in Table 9
and the relevant Tromp distribution factor curves are shown in
Fig.16.

TABLE__g.

T i s .

Ihe influence of the_Specific Gravity of the Bartyes
suspension on Cyclone performance when
treating fine feed coal.

The following conditions were constant for alil testss-

(1) 9% inches diameter cyclone, 25 degrees apex angle, 1% inches
diameter feeqd pipe.

(2) 17@ inches diameter orifice tube projecting 1§ inches beneath
cover plate.

(3) Feed coal ;- Landau No. 3 duff, - 1 mm +60 mesh,

(4) Pulp ratio, 6 to 1,

(5) Pressure, 10 1b. per sq. inch.

Test No.

| 768 764 |76c 481 5473 l47F 26c B1c |

S+G.0f suspension j l.lfl.lS 1.15‘1.15§_l.2;1.2 . 1.28 1.3
: . : 5 17/ /| N Y 5/

Nozzle dia. inches. f é 8 | 1 a1 ;1é 1831%
Product’yield, % ;53-0l53-0 25.8 54;8f50.1!44.4 41.6 39,
Product Ash, % | 8.8) 7.6] 2.8 5.0/ 7.0{ 5.8. 5.9 5.6
|Feed ash, % 1 14.9114.2/13.8(13.7 14.4 12.6°13.6 '14.6
§S.G.of separation. f1.42 1.42[1.32 1.4351.41}1,38j1.37f1.368
Washing efficiency, % |62.0 70.0{85.0 71.0;82.2]86.6; 86 | 87 '
Capacity, tons per hour 3:3] 2.4 2.0 3.5 3.0 2.3 2.2 2.0
Refuse, tons per hour L5 1.1351.4911.58;1.50;1.2851.29al.22

!
i
H

S Wt v ey e . Ll L0 - PR o

Tons of refuse per Q] : ) | : :
hour per il’lCh I’JOZZle 2.4‘85‘1.29’ l.49]2all; 105011014‘0t79 :0.75

|
diaméter. § ! | : : : {

dlthough the results of the tests shown in Table 9 and
Fig.16 again convey the impression that there is a tendency for
the efficiency of separation to decrease with decreasing suspen=
sion specific gravity, particularly for Suspensions below 1.2'S.G?
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the fact that this tendency is not consistent indicated that
some other factor was probably also involved. For example,
comparatively poor separaticns were obtained in Tests 764 and
48 I using a 1.1% specific gravify'suspension, while the same
suspension gave a reescnably sharp "cut" in Test 76C. Since the
influence of the relationship between the diameter of the nozzle
and the size of the feed had largely been eliminated, it was
clear that some other explanation of these phenomena had to be
sought.

Upon further study, it was observed that the capaclty
(or throughput) of the cyclone had varied and that loss of effi-
ciency was generally associated with an increase in thie capacity
and a decrcase in the nozzle diameter. Thus, comparing tests 47B
and 47F, it will be noted that the Tromp distribution factor
curve for the former is distinctly inferior to that for the latter.
Now, the suspension specific gravity was constant at 1.2 for both
tests but the nozzle diameter was smaller in test 47B while the
throughput was grecater. Similarly, in tests 764 and 76C the
suspension specific gravity was constant at 1.15 and the nozzle
diameters were Z@ inch and one inch respectively. In this case,
the difference in the efficiencies of separation is particularly
markaed, higher efficiency being obtained with the larger nozzle
and slightly lower throughput.

Since the efficicncy of séparation is apparently.
influenced by beth the nozzle diamceter and the throughput,. it
was concluded that  the quantity of material passing through the
nozzle in unit time was an important factor. dssuming constant
throughput of fced and specifie gravity of separation, it follows
that a constant quartity of refuse must pass through the nozzle
in unit time. Since the nozzle diameter has to be reduccd as the
suspension specific gravity is decrcased, (in ordef to maintain
a constant specific gravity of separation) the arca through which
the rcfuse passcs bocomes progressively smaller. It scems rcason-
able to supposefthereforegthat at some stage insufficient area
becomes available for the discharge of refusc and disturbed con-

ditiol’ls ':.\-fn"o © o/
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of flow will result, with consequent loss of efficiency.

In other words, it-is suggested that the cyclone would become
overloaded if the nozzle diameter is decreased below a certain
minimum size, the pulp ratioyrate of flow and specific gravity
of separation remaining constant.

The rateg of discharge of refuse were cons equently
calculated for the tests under discussion and are shown in
Table 9 It is now necessary to relate these values to the
diasmeter of the nozzle in -order to verify the theory outlined
above, The total cross sectional area of the nozzle is not a
suitable basis, as the pulp does not fill the nozzle but merely
occupies a rotating annular ring, an air space being present in
the centre of the nozzle. Unfortunately, the relative proportims
of these spaces under various operating conditions is not known
and it is beyond the scope of the present investigation to
determine tucse data. It may be mentioned, however, thet a few
preliminary experiments were conducted on a small celluloid
cyclone in order to obtain a clearer conception of its operation.
It was observed, during these tests, that the annular ring of
fluid flowing through the orifice and nozzle Was very thin
compared with the respective diameters of these. apertures. One
is therefore inclined to assume, as a first approximation, that
the annular area of flow is proportional to the circunfercnce
of the nozzle (or crifice) and, hence, to its diameter. The
rate of flow of refuse through a nozzle, may, if this is true,
be represented approximately by the rate of discharge of rzsfuse
expressed in tons per hour per inch of nozzle diameter. These
values were calculated for the various tests and are also shown
in Table 9. This figure should naturally be based on the total
solids passing thirough the nozzle, but since the distribution
of the heavy medium between the orifice and nozzle was not known,
the rate of flow of the medium was temporarily neglected.

Comparing..../
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Comparing the rates of discharge of refuse per inch
of nozzle diameter shown in Table 9, it will be seen that, with
. the exception of test 764, a reascnably sharp separation was
obtained in all tests in which this value was less than about
1.49, 4 similar effect will be observéd fer the tests reported
in Table 8. It appears, then, that under these experimental
conditicns the éaximum permissible rate of discharge of refuse
is in the order of 1.49 tons per hour per inch nozzle diameter
when the feed pressure is about 74 to 10 1b. per sq. inch. (This
value may be increased, by increasing the pressure, ac will be
shown later) - It will be appreciated that the figure deduced
above should only be regarded as a rough guide at this stage.
The factors which govern the meximum permissible rate of dis-
charge of refuse will be discussed in greater detail in a later
chapter.

dssuming for the.present that the maximum quantity of
refuse which can be discharged from the cyclone in unit time is
proportional to the nozzle diameter, it follows that the diameter
of this aperture would have an important bearing cn capacity
and on the choice of suspension specific gravity. Clearly}its
relative importance would depénd on the particular washing
problem, and two alternatives may bc discussed by way of illus=-
tration.

Consider, for example, the casc where Witbank duff is
. to be cut at asbout 1.35 specific gravity. The discard, which
has to be eliminated thrcugh the nozzle, is about 70% of the
feed. A4 comparativzly large nozzle will consequently be required
in crder to ensure satisfactory capacity and efficiency. If it
is desired tc usc a low specific gravity of suspension to effect
this separation, it follows that a very large crifice would be
required in order to provide the hecessary relationship between
orifice diameter and nozzle diamcter. This possibility was
investigated, as will be described later, and it was found that
the efficiency was impaired when the orifice diameter excecded
about-lZé inches, hcnce there is not much scope in this

direction. It follows, therefore, that in order to obtain nigh
capacity.../
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capacity, it is necessary to use a relstively high suspension
specific gravity for this separation to ensure that the nozzle
may be as large as possible. It will be shown later that this
conclusion is independent of the aetual diameter of orifice
used.

4 separation at a high specific gravity, on the other
hand,; represents the opposite situation. Consider a hypothetical
case in which the yleld of product is, say, 90%. Here, a small
value for the ratio between the orifice and nozzle diameters
would not be an advantage, because the nozzle would be more than
adequate for the quantity of refuse to be passed and the orifice
would determinc the optimum capacity at any given pressure.
Clearly, a large orifice would be required,wiiile the diameter
of the nozzle would be of little consequence provided that it
was of sufficient diameter to pass the gize of coal to be
treated without disturbance. Relatively lower suspension
specific gravities could, therefore, be used to advantage. =

Referring again to the tests shown in Table 9, and
comparing the Tromp distribution factor curves for tests 31C,
26C, 47F and 76C, it will be secen that,although the suspension
specific gravity was varied between the limits of 1.30 end 1,15
in these tests, the efficiencies of separation do not differ
appreciably. Since the rate of discharge of refuse was com-
paratively low in all these tests and did not, therefore, ine-
fluence the operation of the cyclone, it appears that variation
of the suspensiocn specific gravity between these limits does
not affect the "potential® separation materiaily. Thus, a
relatively low specific gravity of suspension should yield a
satisfactory separation provided that the percentage of coal
in the pulp is reduced to a suitable value (i.e. by increasing
the pulp ‘ratio).

In order to test this deduction, tests 764 and 48 I
were repeated usihg a pulp ratio of 12 to 1. In botn ceses, an
extremely low yield of product was obtained when uslhg the

higherees./



higher pulp ratio, and it was consequently not possible to assess
the washer efficiency. However, these tests did show that the
specific gravity of separation is influenced by the pulp ratio
when the cyclone is operated under overloaded conditions i.e.
discharge of refuse at a rate in excess of the maximum permissible
for a given nozzle causes an additional"nozzling effect" and
raises the specific gravity of separation.

The influence of the specific gravity of suspension
on the specific gravity of separation, when all other variables
are kept constant, would Qe of importance if this factor is used
for washery control. A4lthough no tests were specifically
carried out to determine this relationship, various tests in
which the specific gravity of suspension happened to be a common
variazble have been selected at random from the records and are
shown in Table 10.

TABLE_10.

The influence of the specific gravity of suspension
on the specific gravity of separation when the
other variables are constant.

The following conditions were constant for all tests :-

(1) 9% inches diameter.cyclone, 25 degrees apex angle, 1F inches
diameter feed pipe. '

(2) IZ% inches diameter orifice tube projecting 1% inches beneath
cover plate.

(3) Pulp ratio, 6 to 1.

Eest No. 8ize grading Feed Nozzle ! 8.G.o0f 8.G.of| Thick-
! : ~ of feed | |[pressure dia. suspen-~| separ-: ening.
. ilb/sq.inn inches| sion. |ation ‘
978 | -%'+loo¥ | 10 | 1& | 1.5 [1.5850.085
334 -4 +aot 7% 15 1.3 1.378 | 0.078
95D | =4+l mm 0 1 1.3 | 1.365 ] 0.065
n | m . .
384 -%@ +40 10 12 |- 1.52 | 1.593 0.073
20D | 4"+ 1mm 75 15 1.3 | 1.355/ 0.055
291 | 4+ 1 mm 7% 1% i 1.442| 0.142
288 | Y+ lmm - 1% 1.24 | 1.355 0.115 |
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Before discussing the above table it is neccssary to
point out that all sizes of coal are not washed at the same
specific gravity under otherwise constant operating conditions.
It has been found that the specific gravity of separation in-
creases as the particle sizc is depreased below about 0.08 inch
in the case of the barytes suspension used., The percentage
fines in the feed, therefore, influences the overall separation
to a certain extent. Variation in the feed pressure also
influcnces the specific gravity of separation,but this effcct
is not very grcat for changes in feed pressure between 74 and
10 1lb. per sq. inch.

Taking these factors into consideration, it will bec
seen from Table 10 that the "thickening effcect" is reascnably
constant as the suspunsion specific gravity is varied,othor
variables being constant. From this it is concluded that
thore is a lincar relatiohship between spccific gravity of
suspension and specific gravity of. separati: n, between the limite

investigated.

THE_INFLUZNCE OF PULP RATIO ON CYCLONE PERFORMANCE.

It has already been shown that the pulp ratio affiects
the specific gravity of separatiocn when the cyclonce is cperated
under overlocaded conditicns, and that the maximum capacity of
the cyclone is determined largely by the diameter of the nozzle
in the case of separationsin which the percentage rcfuse cxceeds
the percentage product., It was alsc explained that the nozzle
should be as large as possible and, since .the orificc diaﬁot@r
can not exceed lZginches, a relatively high suspensiocn specific
gravity wculd be required to effect such a separation.

The influcnce of pulp ratic on cyclonc performance,
when the nozzle is not overlcaded, is illustrated by the tosts
reported in Table 1l. It will be observed that the specific
gravity of suspension was relatively high and that fhe nbzzle
was conscquently reasonably large. . |

The Tromp distribution factor curves obtained for thosge

tests are shown in Fig 17. FIGURE 11.../
: T ._'J dLleen
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TABLE 11.

S e e s

Ihe influence of Pulp Ratio on Cyclone performance

The following conditions were constant for these testsi~
(1) 9% inches diameter cyclone, 25 degrees apex angle, 1% inches
diameter feed pipe.

(2) 1% inches diameter orifice tube projecting 1% inches beneath
cover plate,

(3) 1% inches diameter nozzle.,
(4) Suspension specific gravity 1.30.

(5) Feed_coal ;- Waterberg; seam samples as indicated; crushed
34¢" + 36 mesh.
e /16 -+ rﬂes °

(6) Feed pressure, 74 1b.per sq.inch.

| Test No | 344 | 334 | 324 | 35
AL : 4

§:i£ e gD | 2ﬁ 6F | gg

Yield of product, % 38.8 33.0 39.0 29.4
ish of product, % 9.5 8.8 9.5 9.7
Asii of feed, % 23,0 26.5 22.1 | 34.6
Ppecific gravity of separation 1.381 | 1.378 | 1.373 1.378
Washing efficiency, % %2.0 95,0 91.0 95.0
Capacity, tons per hour 2.48 S 3.94 | 4.1
Refuse, tons per hour per ' 1.01 1.42 e 1.93

i inch nozzle diamster , E
§ i i

-

It will be clear that the capacity of the cyclone is
determined by two factors viz: (a) the rate of flow of pulp and
(b) the bropertion of coal in the pulp. Now, the pulp ratio mere-
ly defines the proportion of cdal in the pulp and,'therefore,
determineés the capacity when all other variables are constant,
Thus, as will be seen in Table 11, the capacity increzses as the
pulp ratio is decfeased. It follows, thern, that the pulp ratio
should be as low &s possible in order to obtain maximum capecity
under any given Operating conditions. -

If the Tromp distributioﬁ factor curves for these tests
are compared (Fig.17), it will be noted that variation of pulp
ratio, between the limits specified, had negligible influence on
the efficiency of separation, and consequently it may be concluded
that the maximum capacity at 7% 1b. per sq. inch was not reached.,

Simee ../






= 47 d

Since the pulp tends to lose fluidity when the pulp ratio is
decrsased below abcut 3 to 1, it was not considered prudent to
conduct tests with lower pulp ratios with the object of dgtermin-
ing the maxirum permissible nozzle loading (and hence the 1 west
permissible pulp ratic for the specified opcrating conditicns).

It will alsc be observed that the specific gravity cof
separation was substantially constant despite the comparatively
large variaticns in the puip ratioc and the specific gravity
compositicn of the feed coal (see appendix 3)., From this it may
be ccncluded that the specific gravity distribution docs not
influcnce the performance of the cyclone (except in casss whore
the nozzle or orifice would beccome overloaded by such variation).

The fact that the/pulp ratic dces not influsnce the
efficiency or specifiec gravity of separation suggests that a
cycl:ne plant wculd be extremely flexible in practice frcm the
point of view of capacity, provided that the washer is not cver-
lcaded. In other wirds, fluctuaticns in the rate of feed wculd
not nocessitate frequent adjustments to the operating ccnditiuns
i.¢. the pulp ratic may be allcwcd to vary (within reascnablec
limits) without adverse effocts.

Although samples from different scams of the Taterbarg
cocalfield were used for these tests, they wore all crushed in the
same mill and it was found tuat the size distribution of the
cyclene feed did not vary appreciably. Thoese conclusions should
nct, therefore, be affected to any grcat extent, by this factor.

Table 11" indicates that the rate of discharge of refuse
may be varied between 1.01 and 1.93 tons per hour per inch nozzle
diameter without influencing the efficiency. This does not agree
with the conclusions drawn from Table 9 viz: that the discharge
rate should not excced 1.49 tons of refuse per hour per inch
nozzle diameter. This discrepancy may be accounted for in two
ways s=

(a) that the maiimum permissible ratc of discharge depends
on the size of the particles (-1 mm +60 mesh feed was

uscc for the tests reported in Table 9 and %16” +40
m:sh.../
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mesh for the tests in Table 11).

(b) that the maximum permissible nczzle loading expressed
in tons per hour per incq nozzle diameter is® not
constant for all nozzle diameters (L.e. higher loadings
arc permissible for large nozzles than for small
nczzles)

Of these twe explanaticns the latter is faveured. 1In
support of this statement the following evidence may be offered s~
(1) The value, 1.49, was deduced frcm the results of tests

in which the nozzle diameter was sbout 1 inch, while the value
1,93 was cbtained during tests where a 1% inches diameter nozzle
was used.

(2) In test 76A (Table 9) the nozzle loading was cnly 1.29
tons per hour per inch nozzle diameter, yet the efficiency was
poor, In this case the nozzle diameter was Z@ inch, and a
lower "specific loading® would explain the facts.

(3) In test 284 (Table 8) the feed was rclatively coarse,
yet slight loss of efficiency was evident although the nozzle
loading was only 1.67 (as compared with 1,93 obtained later).

The diameter of the nozzle was 1%@" in this test and the pheno-
mcna could be explained by assuming that the "“specific loading"
decrcases with nozzle diameter.

In order tc determine whether this conclusicn is
reasonable, tests 764, 76C, 284 and 354 (Tables 8, 9 and 11)
were repeated using the appropriate suspension specific gravities
but no coal was added to the pulp. The specific gravities of the
effluents from the crifice and nozzle werce measurcd and the
rate of flow of ecach strcam was determined, From these data, the
volume of the pulp issuing from the nozzle and crifice in undit
time, the weight o¢f barytes passing through the nozzle in unit
time, and the percentage of the feed pulp flowing through the
nozzle were calculated, Relevant values are shown in Table 12,

TABLE 12..../
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IABLE 12.
The Influence of Nozzle Diameter _on the Distribution
- of Pulp under Various Operating Conditions.

The following conditions were constant for these tests s-

(1) 9% inches diameter cyclone, 25 degrees apex angle, 1% inches
diameter feed pipe.

(2) 1Zé inches diameter orifice tube projecting 1% inches beneath
cover plate.

(3) Feed pressure 10 1b, per sq. inch.

#’low of feed | Flow of suspension Flow of tailing
Noézle Red ‘.through cyclone! through nozzle through nczzle "
diaméggsﬂ 'lb/: cu. |% by flow of {flow of | Test|1b/ | cu. ;Nozzle |
ins.gsioq secift/sec. !volume| 8.G. | pulp |Barytes] No.|sec.ft/sec.loadirg
iSyGai cudft/sec. 1 sac. | n/hr/in
e —— e Y "
% |1.15/8.1] 0.113 | 5.3 {1.81[ 0.006 | 0.38 | 764 |0.63]0.007 1.29
1 }1.15 8.2! 0.114 | 6.7 [1.72| 0.0076| 0.43 | 76C- o.83jo.009 1.49
1% 1,24/ 8.8] 0.115 [10.4 |1.67| 0.,0115| 0,64 284 |1.04 0,011 1.67
1%11.3 1 9.2! 0.113 !31.5 !1.48' 0.0356 ! 1.41 ' 354 !1.61 0.017 1.93 |

Tests 284 and 354 were originally carried out at 7%
lb. per sq. inch pressure, while the tests using suspension only
were all carried out at 10 1lb. per sq. inch, S8ince the diffrrence
in the rates of flow at these two pressurcs 1s only of the order
of 10 per cent, this factor is neglected for the purpose of the
present analysis.

The results of the tests in Table 12 indicate that the
total yolume of pulp passing through the cyclone in unit time is
not influenced by the diameter of the nozzle or the specific
gravity of the suspension, under the operating conditions speei-
fied. however, the distribution of the pulp between the orifice
and nozzle is affected appreciably by the diameter of the nozzle.
Thus, the percentage of the feed pulp which passes through the
nozzle decreases rapidly as the nozzle diameter is decreased
below 1% inches. It should also he noted that the specific
gravity of the pulp issuing from the nozzle increases as its

diamcter...’
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diameter 1is decreased, ncthwithstanding the fact that the specific
gravity of the feed suspension was descreased as the nozzle diameter
was reduced. In other words, the rate of flow of pulp through the
nozzle is reduced substantially as its diameter is decreased and,
in additicn, the concentration of heavy medium in this effluent
increases materially.

Now, other tests have shcwn that the maximum permissible
nozzle loading may be increased by raising the pressure (see Tables
17 and 18) i.e. by increasing the rate of flow through the nozzle.
From this it may be concluded that the maximum nozzle loading 1is a
function of the rate of flow. &s ﬁill be seen from Table 12, the
vclume issuing from the nozzle in unit time decreases very rapidly
as its diameter is reduced. Thus, the rate of flow through the
one inch diameter nozzle is approximately one fifth of the
cor:esponding value for the 1% inches diameter nozzle; which is a
nuch greatéf‘decrease than would be the case if the flow were
directly proportional to the diameter of the nozzle as was suggest-
ed before. In view of the fact that the concentration of barytes
in the pulp increases with decreasing nozzle diamecter; an even
lower rate of discharge of refuse will probably be permissible
than would be suggested by the rate of flow alone (since the
percentage of total sclids in the pulp is probably the governing
factor).

It appears, then, that the "maximum permissible nozzle
loading" (expressed in tons per hour per inch nozzle diamat%r)
is not applicable to any nozzle diameter other than}gﬁe for which
it was determined. As will be shown later, the relaticnship
between the orifice and nozzle diameter also influences the
maximum permissible nozzle loading for a given nozzle diameter.

It is appreciated that the exact relationship between
the permissible rate of discharge of refuse and the nczzls dlam-
eter has not yet been determined, but it is clear that such a
relationship exists and has an important bearing on cyclone
capacity. Detailed work in this connection is beyond the scope

of ../
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of the investigation as a whole, and has consequently not been
attempted. For the present, it is convenient to determine the
nozzle loading in the manner suggested and to use this value

as a practical guide when comparing the parformance of the washer
under various operating conditions. However, its limitations
must be borne in mind.

It may be of interest, before cchcluding the discussion
on this subject, to ccmpare the rate of flow of suspensicn
through the nczzle with the rate of discharge of refuse in actual
washing tests. The rates of discharge of refuse in tests 764,
76C, 284 and 354 are accordingly shown in Table 12, The volume
of refuse passing through the nozzle per second was calculated
assuming the specific gravity of the refuse to be 1.5.

It will be noted that the rate of discharge of refuse -
in tests 764, 76C and 284 was very high compared with the rate
of discharge of barytes in the case of the tests in which no coal
was present. Since barytes was a component of the pulp contain-
ing these tailings, it may be concluded that the sclid content
(or specific gravity) of the discharge was very high. However,
compariscn of the relevant volumes is more instructive. Thus,
unit time during tests 764, 76C and 284 is cqual to if not greater

than the volume of barytes susgpension discharged under the

same operating conditions. Since barytes and water were also
present in the pulps ccntaining the refuse, it follows that much
greater volumes werce discharged in unit time than would be the
case 1f no cual woere present. This fact suggests that the
nozzle was overlcaded in these three tests. The Tromp distribu-
tion factor curves for tests 764 and 284 substantiate this
conclusion. 8ince the volume of pulp passing in unit time was
greater than the volume of suspension flowing through the nozzle
under normal conditions, the effective area of the nozzle was
probably decreased by the passage of refuse and an additiocnal
nozzling effect could be expscted. 4s stated before, this was

actually..../
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actually found tc be the case when test 764 was repeated using

a 12 to 1 pulp ratio, In test 354, on the other hand, the volume
of refuse discharged in unit time is only about half the normal
value and consequently overloading of the nozzle is less probable.
This is in agreement with the results actuzlly obtained in this
test i.e, neither the efficiency nor the specific gravity of the

separation appear to have been affected.

THE_INFLUENCE OF LARGE DIAMETER ORIFICES ON Til EFFICILNCY OF
SEPARATION.

An analysis of the probable influcnce of the spccific
gravity of suspensicn on washing cost, indicsted that the lowest
possible suspension specific gravity should be used to effect
any desired separation, provided that the efficlency is not
impaired. Now, it has been shown that the ratlic between the
orifice diameter and the nozzle diameter must be increéased as the
suspension specific gravity is decreased in order tc maintain a
constant separation.8ince the diameter cf the nozzle (i.e. the
smallest aperture) determines the size of feed which can be treated
and the rate of discharge of refuse,(hence the maximum capacity)
the largest possible nozzle should be used in the case of the
separation of Witbank duff at 1.35 to 1.4 S.G.. It follows, then,
that very large orifices would be required when low suspension
specific gravities are used. In order to determine the influence
of large diameter orifices on cyclone efficiency, the series of
tests reported in Table 13 was carried out.

4s the opening at the apex of the existing cyclone was
only 1% inches, i1t was necessary to select a comparatively low
suspension specific gravity (i.e. 1l.2) in order to obtain a large
value -of the ratio between orifice diameter and nozzle diameter for
a separation in the region of 1.35 to l.4 specific gravity. 1In
this way, fairly large orifices could be tested without recon-
structing the cyclone in order to increase the opening at the
apex and, 1in any event, this would have been an additional
variable as the influence of nozzles larger than 1% inches was

not.../



not known. In carrying out the tests, the required orifice was

o)

fitted in the cyclone and the nozzle diameter was varied in order

to obtain a suitable specific gravity of separation, all other

variables being kept constant.

The specific gravities of separ-

ation actually obtained for the various orifices occupy a wider

range than would have been desirable, but it is not considered

that the final conclusions will be affected appreciably.

IABLE 13.

The_influence of large diameter orifices _on the

efficiency.

The following conditions were constant for all tests

.

&

(1) 9% inches diameter cyclone, 25 degrees apex angle, 1} inches
diameter feed pipe.
(2) Suspension specific gravity, 1l.2.
(3) Feed coal s~ Landau No. 3 duff,
(4) Pulp ratio, 6 to 1.
(5) Feed pressure, 10 1b. per sq. inch.

(6) Orifice tubes projecting 23 inches beneath cover'plate were used
in all tests except 71C in which the tube length was Iy
inches (as shown previously, this should not affect the

efficiency).

%" +1 mm.

\

—
~—

73E

Test No. 71c | 738 726G 75F
Orifice dia.inches 1% 1% |2Wh) 2%, 2%
Noezzle dia, inches 1 liz 1&% 1%?
Yield of product, % 26.2/27.3/50.3 51.9| 44.6
Ash of product, % 5.5 5.3] 8.0 8.9 7.3
Ash of feed, % 13.1{12.8(12.8 14,2 12.8
8.G.of separation 1.34 11.32,1.39 1.42) 1.37%
Capacity, tans/hour 3.9, 2.7] 3.3| 4.7 3.5
Rate of discharge of ' '

refuse,tonghr/in neezle | 2.58/2.24(1.19| 1.64| 1.29
diameter
Total refuse tons/hr. | 2,58(1.96|1.63|2.26| 1.94
b bersecr | 782 - |- | - | 10.38
e R Y R ST
Centrifugal acce leration

at the radius of thei 5700 | - - - 5400
orifice, ft/sec%
Flow of water through 0.0074| - < - 10,0138

nozzle cu.ft/sec.

734 | 72¢ | 75D |
3 34 |34
1% | 1% |1

52.9| 30.7 | 33.0
94| 7.4 | 7.4

14,4 | 14.0 }13.8

1.43| 1.335/L.335
6.5 5.9/, 4.8

2.04| 2.521.98,

3.06| 4.09(3.22]

12,37 | 13.33| -
16,1 | 17.4 | -
5500 | 5100 | -

0.0095| -

10,0107

i % AR 4
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It can be proved that the washing efficiency is a
function of both the washer efficiency and the specific gravity
of separation for any particular coal. 8ince the specific gravity
of separation varies considerably in the present series of tests,
the values for washing efficiency would be misleading and have
consequently been omitted. Comparison of the efficiencies of
separation obtained in the various tests will, therefore, be
confined to a consideration of the Tromp distribution factor
curves shown in Fig. 18.

Although the results of the tests.shown in Table 13
and Fig 18 convey the impression that the efficiency of separation
decreases substantially as the orifice diameter is increased, 1t
ig necessary to analyse these tests carefully before it can be
decided in what measure this loss of efficiency may be attributed
to the diameter of the orifice.

It will be observed that there is a general tendency
for the capacity of the cyclone to increase as the orifice and
nozzle diameters are made larger. Since the capacity values are
affected by variations in the pulp ratio, four of the tests under
discussion were repeated using water as feed, in order to estab-
lish the relationship between the rate of flow and the crifice
diameter. The results of these tests are also shown in Table 13.
It will be seen that the rate of flow increases appreciably as
the orifice diameter is increased. Thus, increase in the.orifiée
diameter from 128 to 3%é inches increasegs the rate of flow by
about 70 per cent. In other words, increase of the orifice
diameter decreases the resistancet flow, hence the quantity
passing in unit time increases, the applied pressure being
constant. It will be recalled that a similar effect has been
observed before.

Assuming the period of pulp retention to be inversely
proportional to the rate of flowy, it follows that the time avail-
able for the scparation toc be completed decreases with increasing
orifice diameter and this factor should be taken intc account

wheh.e .../
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when comparing the efficiencies obtained for the various

orifices indicated in Table 13. Now the influence of the period
of pulp retention could be eliminated by operating a small
orifice at a higher pressure than a larger orifice, the press-~
ures being selected so that the rate of flow of feed is the seme
in both cases. However, as will be shown later, the centrifugal
acceleration increases with increasing rate of flbw, all other
variables being constant, This fact would render the smaller
orifice comparatively eveﬁ more efficient than the larger orifice
when both are used at the same feed rate, particularly when small’
particles are present in the feed.

Returning to the tests in Table 13, consider the values
obtained for the nozzle loading. It is known from previous
experience that the nozzle was undoubtedly overloaded in tests
71C and 73H (seiﬁ?gg and 47B,Table 9) and hence it may be con-
cluded that even sharper separations would have been obtained
had this not been the case. The nozzle loadings for the re-
maining tests can not, however, be interpreted without consider-

ing the effect of thes orifice diameter on the rate of flow

through the nozzle.

Test 75F may be considered as an example. In an earlier
test (354 Table 11) a nozzle of 14 inches diameter was used
with an orifice of lZ@ inches diameter and a nozzle loading of
1.93 tons per hour per inch did not cause loss of efficiency.
The question now arises whether the 1% inches diameter nozzle
used in test 75F was overloaded or not, the nozzle loading
being only 1.29 tons per hour per inch., .Now,.it will be seen
that the rate of flow of water through the nozzle was 0.0138
cubic feet per sec,in this test. From Table 6, it is found
that the rate of flow of water through a l%‘inches diameter
nozzle when associated with a lZ%}inches diameter orifice, is
0.0387 cubic feet per second/.forln hc;etkfear?livgrr;ss,sughee rate of flow
through a 1% inches diameter nozzle is increased almost three-
times‘by tcaucing the orifice diameter from 21732 to 13@ inches.

TN
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If the maximum permissible nozzle loading is assumed to be pro-
portional to the rate of flow through the nozzle, its value
would vary accordingly. 8ince insufficient data is available
tegarding the maximum rate of discharge of refuse for various
rates of flow, it is not possible to determine whether the nozzle
was overloaded in Test 75F. However,since the normal rate of
flow through the nozzle in Test 75F is approximetely twice that
of the corresponding value for Test 71C (0.0138 cubic feet per
second compared with 0.0074 cubic feet per second) and since the
rate of discharge of refuse was lower (1.94 tons per hour com-
pared with 2.51 tons per hour), 1t may be concluded that the
nozzle was overloaded to a greater degrece in Test 71C than it
was in Test 75F.

This implies that the difference in the efficiencies
likely to be obtained under normal operating conditions, when
using the lZé'and ElZég inches diameter orifices, would be even
more marked than is indicated by Fig.18.

‘"It is clear from these tests that, although the feed
consisted of relatively coarse particles, the efficiency of
separation is substantially impaired when the orifice diamoter
is 2‘1’&32 inches or larger. This loss of éfficiency may be
attributed partly to the fact that both the period of pulp
retention and the centrifugal acceleration at the radius of the
orifice decrease with increasing orifice diameter, Both these
factors would bscome progressively more important as the feed
decreases in size. 1In order to obtain the optimum efficiency
for all size grades, it follows that the orifice should be as
small as possible. A large cavacity, on the other hand, requires
that the orifice diamater should be as large as possible. The
final selection will, therefore, represent a compromise between
these opposing requirements and will mainly be influenced by
the size grading of the feed. 4s it was found that reasonably
sharp separations could be obtained for particle sizes down to
about 100 mesh when using a 17% inches diameter orifice, this

orificce.e./
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orifice was selected as besing the largest suitable for washing
Witbank duff. It was evident that as the orifice diameter
increases above 1%§inches, the efficlency of separation of the
smaller sizes would first be impaired and eventually that of the
coarser particles, as was the case when an orifice of 212§2
inches diameter was used.

Comparing the values of the rate of flow of water
through the nozzle shown in Table 13, it will be observed that
this value is not increased materially when both the orifice
and nozzle diameters are made larger in order to maintain a
specified separation, For example, in Test 72C the nozzle diam~
eter was 1%§~inches as compared with one inch in Test 71C, and
although the nozzle diameter had been increased 62.5 per cent
the rate of flow through the nozzle was only increased by about
28 per cent. On the other hand, in the case of the tests re-
ported in Table 6, the orifice diameter was constant at 1@@
inches and an increase in the nozzle diameter from 1% to 12@
inches (an increase of 30 per cent in the nozzle diameter and e
decrease of 23 per cent in the ratio between the orifice and
nozzle) increased the rate of flow through the nozzle by 125
per cent. In view of the fact that the ratio between the diam-
eter of the orifice and the diameter of the nozzle was almost
the same in tests 72C and 71C, it may be concluded that the
value of this ratio is a2 more important factor determining the
rate of flow through the nozzle than the actual diameter of
this aperture. Thus,assuming the maximum nozzle loading to be
proportional to the rate of flow through the nozzle, it follows
that the ratio between the orifice and nozzle diameters must be
small, when effecting a separation which yiclds a large per-
centage tailing, in order to obtain a large capacity i.ec. a
relatively high suspension specific gravity must be used.

THE..../



THE INFLUENCE OF THE RELATIONSHIP BETWEZEN THE DIAMETER OF THE
NOZZLE ANi THE_GRADING OF THE FEED COAL.

It was realised early in the investigation that the
nozzle, being the smallest aperture in most cases, would de-
termine the maximum size of coal which could be treated under
any given conditions. It also seemed reasonable to assume that
the flow through the nozzle would be disturbed if the coal
particles were large compared with the diameter of the nozzle
and that such conditions may have an adverse effect on the
efficiency. In order to investigate the influence of the re-
lationship between the nozzle diameter and the size of the feed
on cyclone performance, several tests were carried out in
which all cyclone operating adjustments were kept constant
with the exception of the size grading of the feed. The results
of these tests are reported in Table i4¢ and the Tromp distri-
bution factor curves relating to this table are shown in Fig.l1l9.
The size distribution of each tailing obtained was determined
by screen analysis and is plotted in Fig.20, (actual values
obtained by analysis are shown in Appendix 5).

4 suspension specific gravity of 1.2 was selected
so that the orifice would be large compared with the nozzle.
The separations would not, therefore, be-affected by the re-
lationship between the diameter of the orifice and the size of
the feed. The size of the material actually flowing through
‘the nozzle would then be the only variable. It is for this
reason that the ensuing discussion is based on the size distri-
bution of the tailing and not on that of the feed.

The mean size of the tailing was.determined by means

S I . (15)
of the following formula §=
ml > wd
mean diameter = == e
STw

where W fractional yield as a percentage by

weight between any two screen sizes.

(o]
i

arithmetic mean aperture of the two
screens between which w was determined.
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The shape of the curve to the left of A (Fig. 21) could, then,

be accounted for in this way and, in the absence of all other
factors, the separation should be effected at a constant specific
gravity when the particle size exceeds the limiting value mention-
ed above. Although this appears to be the case between A and B,
the curve deviates from the theoretical to the right of B. This
deviation is attributed to an additional "nozzling effect" caused
by the passage of large particles through the nozzle i.e. the

coal appears to be too coarse for a one inch diameter nozzle.
Operation in this zone would be undesirable, as small fluctuations
in the size grading of the feed would cause comparatively large
variations in thc specific gravity of separation and thus com-
plicate control of the washer.

Although Fig. 21 indicates that the size of the coal
undoubtedly affccts the specific gravity of separation, 1t can
not bc assumcd that the mean diametcr of the tailing is the only
criterion. Thus, it appears reasonable to assume that largec
particles would cause more disturbance than smaller particles.

If this is so, one could cxpect the specific gravity of scpara-
tion to be influsnced to a greater extent by a tailing containing
a comparatively large proportion of coarse particles than by a
tailing composed only of smaller particles of such size¢ that the
mean diameter is the same for both.

In order to investigate this possibility, a sizc of
0.18 inch was arbitrarily chosen and the percentage of material
coarser than this was determined for cach tailing. (A size of
0.18 inch was sclected as this is the largest value for which
reasonably accurate readings can be taken from Fig. 20). If tests
74D and 70C arc now comparcd, it will be cbserved that the mean
sizé of the‘tailing was practically the same for both tests but
that a higher spccific gravity of separaticn was obtained in
Test 70C. It will alsoc be seen that the percentage of material

coarser than 0,18 inch in the tailing was greaterfin\test 70C
than it was in test 74D, Since a similar effcct will be notedif

tests 704 and 51C arc compared, there appears t: be scme grcund
g . foroo./
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for the assumption that the coarser particles have a EFreatoer
influence than the finer particles., Thig is further supported
by Fig.22, in whieh the percentage of tailing coarser than 0.18
inch has been plottad against specific fravity of Separation.
The diagram obtained indicates almost linear inecrease in the
specific gravity of Separation when the peresntage of materiagl
coarser than 0.18 inch exceed about 10 per cont.

S interesting to note that in all teste in which

the borcentags of tailing larger than 0.18 inch ig less than 10

¢

ber cent, the bereentage of material coarser than 0.2 inch in
the tailing is negligible. This fact sucgests that 0.2 inch is
approximately the critical size of tailing for a onc inch
diameter nozglo,

Although the investigation of the influcrce of tho
rclationship botween the diameter of the nozzle and the size
grading of the feed on cyclone performance can not be considered
to have been completed, thers appears to be sufficient evicdonce
to support the coneclusion that the specific gravity of sovparation
is affectod by the mean size of the tailing and the sige Gistri-
bution angd particularly by large particles under the Operating
conditions specified. It was clear that g considerabl. arount
of additional data would be réquired to establish the cxact ro-
lationship between these factors and, bearing in mindg ths objzet
of the investigation as a whole, it wag considered that further
work in this conncetion would not be Justified,.

h st 51C, the feed coeal wag screecnead ~§g inch +%z
inch and, although the coal was degraded by the time the samples
were taken, these clrparatively coarse barticles cia actually
bass through the nozzle during the charging beriod and no Aiffji-
culty-was‘experionced due to bridging of the nozzle. Foug coal
sereened -3 inch +% inch (test 524), on the other hand, vory
S00n cbstructed the nozzle, and flow of tailing ceased, From
this it appears that the Coarsest particlos bresent should
not excecq, saylég inch when a one inen diameter nozzle isg used

(CTp e
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(or about %6 of the nozzle diameter). In several other tests in
which the nozzle wWa s obstructed, it was found that bridging only
occured when the largest particles excecded about %3 the nozzle
diameter. Naturally, bridging of the nozzle would be caused by
the combined effect of size and relative abundance of the largest
particles.

Referring again tc Table 14, it will be obscrved that
the rate of discharge of refuse varied considerably in the variong
tests and that the nozzle Wwas overloaded in most cases:. Since it
appeared from previous tests that this factor influences both the
spécific gravity of separation and the efficiency, it is necessary
to determine to what extent this variation in the rate of dig=-
charge of refise affects the conclusions already drawn.

In tests 714, 71C and 71E the size distribution and
mean diameter of the tailings did not diffor appreciably and,
although the nozzle loading varied between 2.17 and 3.26 tons
per hour per inch, the specific gravity of separation was
virtually constant, Similarly, in tests 50G and 70C, the mean
size of the talling was nearly the same and the separaticns were
effected at the same specific gravity despitec the fact that the
nozzle loading varied between 2,35 and 3.27 tons per hour. It
does not, therefore, appear that variation of the nozzle loading
between about 2.17 and 3.27 tons per hour affects the specific
gravity of separation materially. 1In any ?vent, this vieriable
may be largely eliminated by considering only those tests in
which the rate cf discharge of refuse was approeximately cénstant.
For example, thc tests in Table 14 may be divided into two main
groups vigs-

troup l:- tests 71E, 61B, 70E and 70C having an average
nozzle loading of about 2.2 tcns per hour.
Group 2:- testg 7145 50G, 74D and 704 having an average
nozzle loading of about 3.25 tons per hour.

Ite../
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It will be scen that cach of these groups indicate that the
specific gravity of separation incroases with size grading of
tailing in the manner already described. It does not appear,
then, that the general conclusions drawn befere should be medified
on account of the variaticns in nozzle lcading. By operating at
very low capacity, it may be possible tu treat relatively coarse
material satisfactorily, but this was not investigated.
Comparison c¢f the Tromp distribution factor curves
in Fig. 19 shows that the curves for the tests in Grcup 2 are
distinctly inferior to those fdr Group 1. Frcm this it appears
that increase in the nogzlec lo~ding from about 2.2 to 3.25 tcons
per hour has resulted in a marked loss of separating efficicney.
It will be clcar that the influcnce of largc particles
passing thrcough the nczzle on efficicney is somewhat cbscurcd by
the variation in thoe ncozzle leading. Since the efficicney of

separation also depends on the size g

L)

r:cding of the feed)even when
the flow through the nczzle is not disturbed, it fcllows that no
reliable conclusicns can be drawn from these tests regarding the
influence of the rclationship between the nozzle diamcter -~nit the

size grading of the feed on scparating efficiency.

ThE INFLUENCE QF FLED PRESSURE ON EFFICIENCY OF SEPARATION:

8ince the feed pressure determines the rate of flow
of pulp through the cyclcone and hence the period of pulp re-
tention and the marnitude of the centrifugal force acting on a
particle, it was clcar that this variable would have an important

caring cn the capncity and the efficicncy of separaticn.

In earlicr tests planned tc investigatce the influence of this
variablc, disc-type crifices were used and the results obtnined
indic-~ted that the feed pressure had a critical value for cptimum
efficiency. Hhowever, later tests proved that this ocnly applied
to ¢isc-type orifices and that the pressure required for optimum
efficiency depended cn the size grading of the feed.

A.ce/
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A typical example of a2 series of tests carried out

on a disc~type crifice at various feed pressurcs is shown in

the-

Table 15, At that stage of/investigation, thé value of the

Tromp distribution factor curves was not fully appreciated

and these curves were consequently not determined. An approxi-

4 .
mate methoéa )developed at the Fuel Research Institute, wa

used to estimate the specific gravity of separaticn and thne
efficiency or performance factor. The value of the perfor-

mance factor does not differ appreciably from that obtained

by the Fraser and Yancey expression.

S

O P o et e S A0S

The following conditions were constant for all tests :-

(1) 9% inches diameter cyclone, 38 degrees apex angle, 1i

inches diameter feed pipe.
(2) Diameter of disc orifice,‘lZé inches.
(3) Diameter of nozzle, 13 inches.
(4) Specific gravity of suspension, 1.28.
(5) Feed coals-Landau No. 3 duff, -% inch + 1 mm.
(6) Pulp ratio, 6 to 1

Test No. {8 (88 18c | 8D | 8E | BF |86 | 8H | BI

Feed pressure,ltquini 24 ;v19?l4.2 Sedi 7 4,6 2.6% 1.6 1.;

Yield of product, % 32.8 89.2140.1]43.1{44.6( 41.6 30.8%19,5 nil ,

Ash content of = o P ' 1
e 7 pro 7.0 16.81 6.3] 5.9| 5.7| 5.7 5.1! 4.9} -
Sp.Gr.of separation. 1.36g437%1d37 1.37{1.37{1.365|1.335 1.31} -
Performance factor. | 56 64, 72| 81, 85 81 751 72] -
Capacity, tons per hr;3.3%2.88§2.4l}l.77 1.621 1.35} 0,93 = | -

{ : ' |

To facilitate interpretation, the results of these

tests were plotted against feed pressure as shown in Fig.23.

Since the ash content of the feed did not vary substantially, it

was assumed that the composition of the feed remained reasonably

constant and that the yield and ash values of the precduct could

be taken as an indication of the efficiency.
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From Fig. 23, it.will be seen that the yield of product
increased rapidly as the pressure was raised from 1.2 to about
7 1b. per square inch and then decreased at a slower rate as the
bressure was raised further. Since the ash content of the product
increased steadily with rise in pressure, the performance factor
(or efficiency) also increased at first angd then commenced to
decrease aga;n, attaining a maximum value at about 7 1b. per square
inch. From this it was concluded that the 9% inches diameter
cyclone should be Operated at about 7 1b. per square inch for
optimum efficiency (when ﬁging the operating conditions stated)
and that the maximum capacity attainable would, therefore, be
comparatively low., OQther tests appeared to confirm this view,
These tests also indicated that the specific gravity of separation
increased rzpidly until the critical pressure was reached and then
showed a slight tendency to decrease as the pressure was further
increased,

When it had been established that a proportion of the
feed by-passed the cyclone when using a“disc-type orifice. 1t was
thought that thig might possibly account for the type of pressure
characteristic illustrated by Fig.23. Several tests were censaquent-
lytarried out to investigate the influencc of feed pressure when
using an orifice tube.‘ A& typical example of such & series of tests
is given in Table 16, Comparatively fine feed coal was used for
these tests in order to minimise the effects of degradation and

settling of coal in the pulp.

TABI.'E 16 L] ‘/
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TABLE 16.

The influence of feed pressyre on cyclone performance
when using an Orifice Tube.

The following conditions were constant for all tests :-
(1) 94 inches diameter cyclone, 25 degrees apex angle, l3 inches
diameter feed pipe.

(2) 1Z§ inches diameter orifice tube prcjecting l& inches beneath
cover plate. N

(3) 1,@ inches diameter nozzle.

(4) Feed coals- Landau No. 3, -1 mm 360 mesh.
(5) Specific gravity of suspension 1.3.

(6) Pulp ratio, 6 to 1.

Test No. 314 | 31B 31C | 31D | 31F. ' |

i
Feed pressurs,lb/syg.inch i 25 174 10 7% 4
Yield of precduct, % % SEnh 38.1 39.4 37.6 i 23.0
| 5

Ash of product, % 5.7 5.7 5.6 .7 543
Ash of feed, % . | 15.6 | 15.0 | 14.6 | 15.0 | 15.7
Specific Gravity/separation! 1.35 | 1.365 | 1.368 1.37 - 1.32
Washing efficiency, % | 86 87 87 85 | 84

i 1.38

Capacity, tons per hour é 3.6 2.9 2.0 { . 1.8

]

The Tromp distribution factor curves for the seriss of
tests in Table 16 are shown in Fig. 24, If thege curves are com-
pared, it will be seen that, possibly with the excepticn of test
31B, the efficiency of separation was not affected appreciably by
variation in the feed pressure between 4 and 25 1lb. per sq. inch.
In other teéts5 (sce Fig26), even smaller differences in the shape
of the Tromp distribution factor curves was observed when the
pressure was varied between these limits.

It may be concludedy therefore, that the feed pressure
is not critical as rcecgards its influence on efficiency, and that
the effect noted in the previous series of tests (Table 15) was
due to feed by-passing the cyclone i.e. the percentage of feed
by-passing iﬁcreased as the pressure was raised.

The tests in Table 16, again indicate that th. specifiec
gravity of separcotion increases rapidly as the pressure is raised
to about 7% 1b., per square inch and then shows a tendency to de-

crease for further rise in pr.ssure i.e. the specific gravity of

separation.../
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separation appears to attain a maximum value in the rsgion of 7%
to 10 1b. per sq. inch. It is for this reason that the majority
of tests planned to investigate the influence of other wvariables
were carried out at these low pressures. The influence of pressure
on the specific gravity of separation will be discussed in detail
in the next chapter where the effect of using feed pipes of
different diameters is ccnsidered.

Although variation in fhe fedd pressure between the
limits indicated did not appear to affect the efficlency to any
degree, it was reasoned that this would only apply to the rela-
tively coarse feéd coal which had been used, (i.e. the separation
of small particles is more likely to be influenced by variation
in the centrifugal forces, ctc., than that of larger particles
because their separating velocities are much lower), Since 1t was
not fecasible to prepare large quantities of suitably finc feed
coal by screcning, tests were carried out on fecd coal of wide
size grading. The products and tailings obtained were then
divided into a number of suitable size fractions and cach
fraction was scparately subjected to float and sink analysis.

In this way it was hoped to determine the influence of pressure
on efficiency for various sizes of feed particle.

The results of two tests, carried out at 10 and 40 1b.
per sq. inch respectively, are shown in Table 17. Alteration of
the specific gravity of suspension and nozzle diameter was ncces-
sary as the specific gravity of separation decreases substantially
when a 1% inches diameter feed pipe is used'and the feed pressure
is increased from 10 to 40 1b. per sq. inch. The Tromp distribu-~
tion factor curves for various size fractions relating to these
tests are shown in Fig. 25.

TABLE 17...../
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IABLE 17.
The following conditions were constaht for both tests:-
(1) 9% inches diameter cyclone, 15 degrees apex angle, 1% inches
diameter feed pipe.

(2) lzginches diameter orifice tube projecting l& inches
beneath cover plate,

(3) Feed coal :- Coronation duff, -3" to 0 (plus 100 mesh
material recovered after washing in the cyclone).

(4) Pulp ratio, 3 to 1.

Test No. bk - 914 ' 93C |

Feed pressure, 1b.per sq.inch, 10 40
Suspension specific gravity 1.30 1.32
Nozzle diameter, inches. l5g l%@
Yield of product, % 21.9 31.4
Ash of product, % 5e2 5.4
Ash of feed, % L1 L 12,1
Specific gravity of separation 1.34 1.36
Capacity, tons per hour 5.7 9.5
Refuse, tons per hour, per inch 2.74 4.35
Rate of flow of water, lb.per sec. 8.98 19.0 5
Feed pipe velocity, ft. per sec, Bl 7 24.8 ;
Centrifgggl acceleration‘aﬁ radius 7,400 33,000 f

of orifice, ft. per sec. |

If the Tromp distribution factor curves for corrcs-
ponding size fractions of each test are compared (Fig.25),it will
be noted that the efficiency of separation was practically the
same at both pressures for particles larger than about 48 mesh.
Sharper separations were obtained, however,at the highor pressure
for smaller size fractions. This proves that the feed pressure
is only of importance in the case of small particles and that
the pressure to be used would thus be determined by the size
grading of the feed i.e. the greater the percentage of material
finer than about 48 mesh in the feed, the higher would be the
feed pressure required for optimum efficiency.

Increase of pressure increases the rate of flow
through the cyclone if all other variables are assumed to be
constant. Increased rate of flow, in turn, increases the

tangential..../
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tangential velocity at all points in the cyelone and decreases

the time spent by a particle in the apparatus. Now, the time
required for the separation of a particle to be completed de-
pends on its separating velocity, which is determined by the

force acting on it, all other factors being equal. Thus if the
tahgential velocity of a particle increéses, the centrifugal

force acting on the particle increases (as the square of tangen-
tial velocity) and the time required for séparation to be effected
is reduced. ‘Since the timc spent in the cyclone decreases and

the efficiency increases for small particles when the pressure is
raised,it may be concluded that the separating time required by

a particle decreases at a greater rate than ohle period of pulp
retention. In the case of larger particles, the’rate of separation
is apparently sufficiently nigh when acted upon by comparatively
small centrifugal forces to ensure complete separation at low
pressure., Increase cf pressure WOuld thus serve no useful purpose
except as a means of inercasing the capacity.

In order to obtain a conmception of the influence of the
feed pressure on the magnitude of the forces acting cn the
particles and on the rate of flow, the tests 1n Table 17 were
repeated using water only. The rate of flow was determined from
these tests and hence the centrifugai acceleration at the radius
of the crifice, as shown Jn Table Iife » Lk will be
seen from these results that increase in pressure frcem 10 to 40
1b. per sq. inch approximatsly doubles tha rate of flow and that
the centrifugal acceleration is increased (theoretically) about
four times.

Assuming the power required to be proporticnal to the
feed pressure, it fcllows thet increase of capacity by raising
the pressure would increase the power required per unit of feed
(e.g. 1f the capacity 1s doubled by ralsing the pressure from
10 to 40 1lb. per sq. inch, four times the power would be required,
and the power per unit of feed would be dcuble) .

It.noa/
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It will be observed that the nozzle loading in Test
93C, was 4.35 tons per hour per inch, which is considerably
higher than the maximum permissible at lower pressures, Since
the efficiency of separation does not appear to have been im-
paired, it is evident that the permissible nozgzle loading may
bs increased by increasing the pressure. Since the pressure
determines the rate of flow through a given aperture, it may be
concluded-that the maximum permissible nozzle loading is 2

function of the rate of flow through the nozzle.

THE INFLUENCE OF FEED PIPE DIAMETER ON_CYCIONE PERFORiANCE.

L s e e e i B S

In order to investigate the influence of the fced pipe
diameter on cyclone performance, a series of tests was carried
out using feed pipes of 1, 1% and 2 inches diameter. Each feed
pipe was tested at various pressures betwecen the limits of 5
and 40 1b., per sq. inch and all other variables werc kept con-
stant for each test. The results of these tests are reported
in Table 18 and the relevant Tromp distribution factor curves
are shown in Fig 26. The cyclone shown in Fig. 27 was used for
the tests on the 1% inches diameter feed pipe, while the upper
portion was replsced by cne fitted with both a 1 inch and a
2 inch feed pipe, situated diametrically cpposite, for the other
tests. When the 1 inch feed pipe was tested, the 2 inch pipe
was blanked off with a plug machined to the curvature of the
eylindrical sectionyand vice versa. Since the mailn supply pipe
from the feed pump was 2 inches diameter, suitable sockets were
used tc connect the cyclone feed pipe to the supply. The
distance between the supply pipe and the cyclone inlet was
approximately two feet and congisted in cach case of a lengzth
of pipe of the same diameter as the feed pipe to be tested.

The feed pressure was measured in this length of pipe at a
point approximately 8% inches from the cyclone inlet.

TABLE 18 ..../
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1t is evident from the wvesults of these tests (See
Table 18), that the diameter of the feed pipe has an important
bearing on the specific gravity of separation and the capacity.
The influence of feed pipe diameter on specific gravity of
separation is readily seen in Fig. 28a,in which the latter has
been plotted against feed pressure for each feed pipe. Thué,
in the case of the 1 inch diameter feed pipe; the specific
gravity of separation rises with increase of pressure from zerby
attains a maximum value at about 7% 1b. per sq. inchy and then
decreases again comparatively rapidly for further rise in
pressure.' The curve for the 2 inch diameter feed plpe, On the
other hand,also rises as the pressure 1s increased from zeTOy
put the specific gravity of separation remains substantially
constant for pressures petween about 10 and 40 1b. .per sq-. inch.
A characteristic mofe or less intermediate between these two is
obtained when using the 1% inches diameter feed pipe.

It seemed reasonable to suppose that these phenomena
could be attributed to changes in the flow characteristics of
the cyclone caused by alteration of the feed pipe diameters In
order to obtain a ¢clearer conception of the nature of the flow
of fluid through the cyclone under these operating conditions,
the tests in Table 18 -were Tepeated using water instead of a
coal pulp. The effluents delivered from the orifice and nozzle
during a known period of time were collected and weilghed. The
total rate of flow, feed pipe velocity and the.distribution of
water between orifice and nozzle were then determined. The
results of these tests are reported 1in Table 19 and curves of
rate of flow, feed pipe yelocity, etc. are shown in Figs. 28(b),
28(¢) and 28(d).

TARLE_19+..+/
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Fig. 28(b) clearly shows the relationship between
the total rate of flow and. feed pressure for the threejﬁfSés.
By plotting these curves on logarithmic paper, it was found
that the rate of flow varied approximately as the sduare root
of the pressure in each'cése. It can not be assumed, however,
that this relationship will apply exactly in the case of
suspensions, For exgmple, Geer and ngg§§162found that the
rate of flow of a suspension at 50 1lb. per sq. inch pressure
was cnly 83 per cent of that calculated from the rate of
flow 2t 15 1b., per sqg. inch pressure, assuming the square root
law.

It is clear from these curves that the rate of flow
is stbstantially decreased by decreasing the feed pipe diameter,
the pressure being kept constant. Thus, a pressure of approxi-
mately 36 1lb. per sq. inch would be required in the case of the
1l inch feed pipe in order to obtain the same rate of flow as
that obtained when using a 2 inch diameter feed pipe at 10 1b.
per sd. inch pressure.

It will be seen from Figure 28(c¢) that, although
the rate of flow is lower when a 1 inch diameter feed pipe is
used, the feed pipe velocity is considerably higher. Fig.28(d)
shows that the percentage of the total quantity which issues
from the orifice increases rapidly as the pressure is increased
from zero to about 20 lb. per sq. inch and then remains sub-
stantially constant for higher pressures.

Now, the motion of a heavy medium particle in the
cyclone is probably determined by two main forces in a manner
similar tc that obtaining in a cyclone dust-collectog%7)
These forces are - .

(a) centrifugal force due to the rotation acting radially
« outwards.
(b) drag due to water flowing radially inwards.
The relative magnitude of these two forees at various points

in the cyclone would thus determine the path of the heavy
medium. «s./
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medium particles and hence the effective separating specific
gravity. Since both the rotational and radial velocities are
likely to be influenced by factors such as feed pipc velocity,
rate of flow, and distribution between orifice and nozzle, it
is possible that the change in these relationships caused by the
diameter of the feed pipe (Figs. 28b, 28c, and 28d) explains
the characteristics obtained in Fig.28a. For example, in the
case of the 1 inch diameter feed pipe the inlet velocity is
high but the quantity passing is low. The momentum supplied
may not, therefore, be sufficient to overcome the friction
losses in the cyclone due'to‘rotatiom of its contents at a
veloeity comparable to that at inlet. In other words, the
liquid in the cyclone may rotate at the circumference with a
velocity considerably lower than the inlet wvelocity of the pulp
and shock losses will result. In the case of the 2 inch diam-
eter feed pipe, on the other hand, the inlet velocity is much
lower and the quantity passing 1s greater. The momentum
supplied could, therefore,be sufficient to maintain sufficiently
high rotation of the pulp and thus eliminate shock losses.

This may account for the more stable operation obtained when
using a 2 inche diameter feed pipe.

Comparing the Tromp distribution factor curves shown
in Fig. 26, it will be scen that there is no material difference
in the shape of the curves obtained for the various feed pipes,
thus indicating little change in the efficiency of separation.
The feed coal was relatively coarse, however, and the efficiency
of separation would consequently not be affected to any great
extent by differences in the period of pulp retention etc.

It would, thereforé, be necessary to repeat these tests using
much finer feed before the influence of feed pipe diameter on
gfficiency can be established and this was not considered werth
while for the purpose of the present investigation.

TG g o
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It will also be evident from Fig 26, that variation
of the feed pressure had little influence on the efficiency in-
the case of ~% inch +1 mm.feed. Somewhat greater deviaticn
of the lower portions of the Tromp distribution factor curves
for the 2 inche * and 1% inche diameter feed pipes will be
observed in the case of the tests carried out at 20 and 40 1b.
per sq. inch pressure. This probably indicates that a small
percentage of the feed has by;passed the cyclone at the higher
pressures and, therefore, that a longer crifice tube should be
used. The overall loss of efficiency 1is, however, not appreci-
able. | )

Neglecting thé possible influence of feed pipe dia-
meter on the efficiency of separaticn of small particles, it
appears from this work that the 2 inche diaﬁeter feed pipe
would be the most suitable for practical operation sincé the
specific gravity of separation is not influenced by fluctu--
ations in the feed pressure (above about 10 1b. per sq. inch).
In additicn, the largest possible feed particles can be treated
and higher capacity can be obtained, The latter is due tc
two factors viz. the increased rate of flow and the fact that

a larger nozzle is required for any given separation.

THE_INFLUZNCE OF APEX ANGLE ON_CYCLONE PERFORMANCE.

e— A R G o S St s ey 50 S £ et B S

As 1t was clear that the apex angle of the cyclone
was one of the most important variables,several tests were
carried ocut to investigate its influence on performance.
Three cyclones were constructed for this purpose having apex

internal
angles of 38, 25 and 15 degrees respectively. 41l the cther/
dimensions were kept con§%aht.Th338 degree cyclone (Fig. 3)
was fabricated from brass and was accurately machined in-
ternally, while the 25 degree cyclone, shown in Fig. 27, was
constructed from steel. In the casé «f the latter, only the
cylindrical section and feed pipe were machined, the conical
porticn being rolled from 16 gauge shect steel. This

construction....



- 977 =

construction has the adﬁantage of relatively low cost and it

is also possible to alter the apex angle without the necessity

of meking a completely new unit.

Thus, a conical section

having an apex angle of 15 degrees, 1s all that was required

to convert the 25 degree cyclone to a 15 degree cyclone.

The results of a series of comparative tests

carried out on the threc cyclones arc shown in Table 20, and

the corresponding Tromp distribution factor curves'arec shown in

Fig. 29. Relatively coarse feed coal was used for these

tests.

TABLE_20,

The influence of apex angle on cyclone

feed).

The following conditiins were constant for all tests:-

(1) 94 inches diameter cyclone, 1% inches diameter feed pipe.

(2) Orifice diameter, lZ’ inches.
8

(3) Feed coali-Landau No. 3 duff, =" +1 mm.

(4) Pulp ratio, 6 to 1.

!

84A

Test No, 17 175 [18c |95D 884 1888 | oon
Apex 4ngle, degrees.| 38 ! 25 '2 25 |25 25 15 515 15 i
Type of orifice Disec Tube projecting 14" beneath |

' cover plate. !

Specific gravity -of i ' - ?
it e 1.28{ 1.28{1.28 |1.30{ 1.30] 1.30| 1.30 1.3q
Feed pressure,lb. 1 _ : . i
per sq. inch. 72 oA L LY 0 1Q Ly
Nozzle diam.inches. 13 13 ﬁ% 1% 12 13 J%‘ 1%
Yield of product, % |29.0; 22.4| 30.8/42.5| 23.6| 12.8! 20.0| 33.0
a4sh of product, % 6.2] 5.1 5.8 5.7} 4.6 3.9; 4.1, 5.1
Ash of feed, % 15.1| 12.8| 14.4|12.7 114.1 | 13.9/ 13.1| 13.0
Sp.Gr.of separaticn 1.355| 1.32 1.348/1.3651.325 (esthimka)l. 325 1,355
Washing efficiency, %| 87 86 88 | 95 ,86 - -89 | 90 {
Capacity, tons/hour |1,59| - 2.13| 2.4 2.96] 4.2! 3.6 3.0 |

B |

It will be

out under the same operating conditions, with the exception of

observed that tests 17C and 17H were carried

the apex angle, and that the 25 degree cyclone effected a separ-

ation at 1,32 specific gravity as compared with 1.355 in the case

of

ey
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of the 38 degree cyclone. In test 18C, using the 25 degree cyclone,
the nczzle diameter was decreased from 12 to 15/8 inches in order
to obtain a separsticn in the region of 1.35 specific gravity.
4 similar effect will be noted if tests on the 25 degree and 15
degree cyclones carried out under otherwisc identical operating
conditions, are ccmpared i.e. that a lower specific gravity of
separation s obtained when using the smaller apex angle. From
this it appears thet the thickening effect decrcases with de-
creasing apex angle and consequently that the ratio between the
orifice diameter and nozzle diameter must be increased in order
to maintain a constant specific gravity of separation. 8ince the
orifice diameter can not'be greater than about lgéinches, it
follows that the nozzle diameter will have to be- reduced as the
apex angle is decreagsed. alternatively, a higher suspension
specific gravity could be used to maintain the required separation
without altering the nozzle diameter.
The Tromp distribution factor curves for theéé tests

(Fig.29) dc not differ appreciably in shape, thus indicating that
the apex angle has little influcnce on the efficiency oi scparation
of'—%linch +1 mm feed. 1In order to determine whether the apex
angle would affect the efficiency of separation of smaller feed
particles +tc a greater extent, the tests reported in-Table 21

were carried out. The Trcmp distributicn factor curves re-

lating tc these tests are shown in Fig. 30.

TLBLE 21..../
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the diluting effect of damp feed (about 10% moisture) would be of
little consequence.

Comparing the Tromp distribution factor curves shown

and the results in Table 21,
in Fig. 30,/it will be clear that a decrease in the apex angle
improves the separation of small particles, particularly in the
case of the 15 degree cyclone. It seems reasonable to conclude,
then, that the avex angle becomes of greater importance as the
pbercentage of finesg (sayy, minus 1 mm) in the feed increases.
Since decrease of the apex angle increases the volume of the
cyclone, and conscquently the time takon for a particle to pass
through the washer, all Other dimensions being constant, it appears
that the improved separating efficiency of small particles could
be attributed to an increase of the period_of pulp retention.
This possibility is discussed later.

Now, Tables 20 and 21 show that there is a tendency for
the capacity of the cyclone to increase as the apex angle is
decreased. Neglecting small variations in the pulp ratio, it
follows that this increase in the capacity must be due to an
increase in the rate of flow of pulp. 8ince this factor is ob-
scured to a certain extent by differences in the pulp ratio due
to settling in the feed tank, several tests were carried out
using water only, in order to determine the relationship between
the rate of flow and the apex angle. ' The results of these tosts
are reported in Table 22.

TABLE 22..../
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IABLE 22

The Influence of Apex Angle on the Flow

Characteristics of the Cyclone.

The following conditions were constant for all these tests:=-

(1) 9% inches diameter cyclone, l% inches diameter feed pipe,
apex angle as indicated.

(2) 1%g inches diameter orifice tube projecting 1% inches be-
neath cover plate.

(3) Feed pressure, 10 1b. per sq. inch,

| Total quantity of | Flow through Ori-
Nozzle diameter | feed passing - fice.

inches. lb.per sec. percentage of total

oe 3800 wze® il 1P 38° | 25° 1 15°
17, 6.5 | 8.1 |1L.1 | 55.5 | 50.6 | 45.1
17 6.7 | 7.3 | 9.0 | 65.7 | 60.3 | 56.5

1Y, 6.9 | 7.3 | 8.8 | 72.1 | 67.0 | 64.7
1%@ : 6.5 | 7.2 | 8.6 | 81.1 | 74,9 | 74.1
/s | 6.7 | 7.2 | 8.8 | 89.3 | 82,1 | 81.2

i ) N !

The results of these tests prowe conclusively that the
rate of flow increases as the apex angle is decreased, the applied
pressure being constant. In other words, the resistance'to flow
decreases with decreasing apex angle.

This may be rafher'surprising in view of the fact that
the wetted surface of the cyclone is incr;ased when the apex
angle 1s decreased. One wouid, therefore, expect the resistance
to increase, if the friction between the fluid and the walls is
the only criterion. Since the overall resistance is actually
lower, however, one may‘conclude that the internal fluid resis-
tance 1s decreased to a greater extent than the wall resistance -
is increased. This appears reasonable, as one may expeet that
the relative velocity between adjacent layers of fluid would be
lower the smaller the apex angle. Thus, if the apex angle were
zero (i.e. cyclone consisting of a cylinder) there would be little
difference between the tangential velocities of adjacent layers
and fluid friction losses would be small. In a cone, however, the

tangential.....
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tangential velocity increases with decreasing radius and conse-
quently the fluid friction losses would depend on the rate of
decrease of diameter (i.e. on the apex angle).

Table 22 =2lso shows that effluent through the orifice,
gxpressed as a percentage of the total.water passing thrnugh the
cyclone, increases with increasing apex angle, all other variables
being constant. Now, it will be rememberecd that an incriasec in
this percentage is associated with inerease in the specific
gravity of separation i.e. the percentage passing tirough the
orifice is increascd by decreasing the nozzle diameter with con-
sequent increase in the specific gravity of separation (soce
Tables 5 and 6). This difference in the percentage flow through
the orifice tiwus appears to substantiate the conclusion drawn
from Table 20 that the “hickening effect" increases wi.th increas-
ing apex angle.

In view of the increased rate of flow associated with
a decrease in the apex angle, it is necessary to analyse to what
extent the period of pulp retention is affected by the apax angle.

It appears reasonable to assume that the period of
pulp retention is :-

(a) proportional to the volume of the cyclone - ard
(b) inversely proportional to the rate of flow of fluid.
Negleeting othner factors, the relationship between

these variables could be expressed as -

t = LV
where t = period of pulp retention
K = a constant
1 = volume of the cyclone
Q = rate of flow.

The volumes of the three cyclones were estimated,
allowing for the air space in the centre, and the fol owing
values were obtained:-

38 degree cyclone 424 cubic inches..
25 degrec cyclone 550 cubic inches.
15 degrce cyclone 816 cubic inches,

Frbm,.o./
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From Table 22, the mean rate of flow for the 38, 25
and 15 degree cyclones is 6.7, 7.4 and 9.3 1lb. per second respec-
tively.

Using the above values of the volume and flow rate,
the relative periods of pulp retenticn were estimated for the
three cyclones. It is found that the relative periods are as
follows s~

38 degree cyclone L
25 degree cyclone 1.18
15 degree cyclone 1.39

These figures indicate, then, that the period of pulp
retention increascs with decreasing apex angle, notwithstanding
the increased rate of flow. ‘Thus, ih the case of the 15 degree
cyclone the period of pulp retention is increased by som: 39
per cent and the rate of flow is alsc increased by abcut 39
per cent compared with the corresponding values for tho 36 degree
cyclone. 8ince the higher rate of flow would give rise to
greater centrifugal forces acting on the particles, tius de-
creasing the time required for separaticn, the nett rosvlt should
be a substantial improvement in the efficiency of separaticn of

small particles.

CYCLONE PERFORMANCE WHEN TREATING VARIQUS SIZES_OF COAL.

As would be expected, the efficlency of separaticn
decreases with decruasing feed particle size. This is illustrated
by the test shown in Table 23. This test was carried out under
conditicns best suited to the separaticn of small particles viz.
small apex angle and high feed pressure. The results of this
test are, therefcre, a fair indication of the efficiency which
may be expected in practice for variocus size grades.

The raw duff was screened at % inch before washing
in the cyclone and all fines were included in the feed, but only
plus 100 mesh material was recovered after washing in the
cyclone., The prcduct and tailing obtained were then screened

into.../
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into four size fractions, as indicated, and each gize fraction
was separately subjected to float and sink analysis. From these
data, the Tromp distributicn fgetor curves shown in Fig. 31 were
obtained. Details of the scrcen analysés and float and sink
analyses are given in appendices 2 and B

The ash contents of the size fractions of thelproduct
and tailing were also determined and are given in Table 24 to=-

gether with the relevant washing efficiencies, ete.

IABLE 23.

Washing Test on Minus Half inch plus zero Feed.

Test No. 93C.

[s————— el g

9% inches diameter, 15 degrees apeX angle,

e el 1% inches diameter feed pipe.
e 19 inches diameter tube projecting li inches
Orifice.
benecath cover plate.
Nozzle. 1% inches diameter.

Coronation duff screened -s" +0 (plus 100

Feed coal. mesh recovered).

Suspensicn S.G. . ‘ 1.32

Pulp ratio 3 to 1

Feed pressureA 40 1lb. per sq. inch.

Yield of Product 31.4 %

Ash of Product 5.4 %

ash of feed. 12.1 ¢

Sp.Gr. of separation 1.36

Washing efficiency : 21C0% _
Capacity 9.5 tons per hour.

TABLE 24..../
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IABLE 24,

o,

!

B T —,

Screen Fracticn, | ~3"41007) ~in,q4¥ j-14 +48ﬁ;-48”+7235_72“+1ooﬁf
, , , |
4sh of product, ¢ ! 5.4 f 5.5 f 5.1 f 6.1 ’ 6.3 /
Ash of foed, % S 11,57 | 120 | 15.4 | 15.4
Sp.Gr.of separation ! 1.36 1.3% 1.38 il ! 1.44 ;
Washing efficiency, % g > 100 >100 94 ! 85 | 80
Mean diamecter, inches.i - | 0.153 Ofcg?f Q.?} E ‘.?.OOZ

2 Calculated from float and sink analysis of the ~3"414 mesh fractiorn,

48 mesh, Although the efficiency falls off for particles below this
size, the seéparaticns on material down to 100 mesh are reasonably
e€xact and are probably superior to those obtained with Jigs, clasgi-
fiers ete., when washing relativeiy ccarse coal, The efficiency of
separaticn of the smaller particleg will depend, however, on the heavy
medium used, 4 barytes Suspension of 1.35 to 1.4 Specific gravity
has comparatively low viscosity;while & sand suspension of Similayr
density for eXample, has higher viscosity,and lower éfficiencies

must Consequently be expected under the Same operating conditions.,

The influence of Viscosity on efficiency ig discussed in greater

detail in 4ppendix X,

of separation is not constant for all size fractions, but increases
with decreasing particle sigze, This phenomenon ig quite usual in
Processes using heavy medig and is due to the fact that o offsetive
density of g Suspension with Teéspect to any given particlec depunds

on the relative sizes of the ccal particle ang the medium particles,
According to Hirs%}8) this relaticnship is given by the eXpressicn; -

..0'./

iy
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SUMMARY OF _CONCLUSIONS AND THE SELECTION OF
OPERATING CONDITIONS SUITABLE FOR WASHING WITBANK
DUFF_COAL AT 1.35 SPECIFIC GRAVITY.

operating characteristics of the cyclone washer was primarily
unhdertaken in order to obtain sufficient data to enable Titbénk
duff coals to be washed at about 1.35 specific gravity. 8Since the
results of these final washing tests on Witbank duff were to be
used to assess the suitability of this process for extraction of
the coking fraction on a ccumercial scale, maximum efficiency and
capacity were aimed at, these being the principal technical cri-
teria iﬁ the final -conomic analysis. Before discussing the
selection of the optimum operating conditions for the desircd
separations, it may be of assistance to summarise relevant.con-
clusions drawn from the various tests described. For convenience,
cach variable will be digcussed on the assumption that all other

variables are constant except those specifically mentioned.

The Relationship Between Orifice and Nozzle and Cther Factors
ey Influencing the Specific Gravity of Separation.

The relationship between the orifice and nozzle diameters
determines the specific gravity of separation and, in general, the
greater the orifice diameter in relation to the nozzle diameter
the higher is the spccific gravity of separation. In other words,
the specific gravity of separation may be increased either by
increasing the orifice diameter or by decreasing the nozzle diam-
eter, the other aperturc being kept constant. The relationship
between orifice and nozzle required for any specified separation
depends on the specific gravity of suspension used, the lowar the
latter, thc greater is the ratio between the orifice and nozzle
diameters.

The specific gravity of separation decreascs with de-
creasing apex anglc and feed pipe diametor. When small foed
pipes (1 to 1% inches) arc used, specific gravity of soparation

increaseS..../



- 88 -

inerecases with rise in prissure, attains a maximum value in the
region of 7% to 10 1b. per square inch and then decreascs again
for further rise in pressure.

When thé mean size of the tailing exceeds about 1/10
the nozzle diameter and the percentage material in the tailing
coarser than 1/95 tne nozzle diameter 1is greater than 1 or 2
per cent, the specific gravity of separation increases. In order
to prevent bridging of thg nozzle, no particles should sxceed
1/3 of the nozzle diameter.

When using the barytes suspensicn, the specific gravity
of scparation rcemains constant for particles down to abont .0,08

inch but increascs for smaller particles.

Factors Influencing the Fced_Capacity.

Th

(4v]

througiput, or feed capacity of the cyclone 1is
determined by the rate of flow of pulp and the p@rcentagé of coal
in the pulp.

The rate of flow of pulp is affected by varicus foctors
as follows $-

(a) The use of a small orifice and its appropriate ncz:ale
decroeascs the rate of flow.

(b)‘The smaller the apex angle the lower is the internal
resistance ané the greater the rate of flow for a
constant applicd pressure.

(¢) Incrcase of pressure increascs the rate of flow.

(d) The larger the feed pipe diameter (within the limits
investigsated), the greater is the rate of flow.

The maximum percentage of coal permissible in the pulp
is determined by the diameter of the orifice or nozzle, the
specific gravity of séparaticn and the specific gravity ccmposie.
tion of the feed. This is best explainecd by examples. Consider
first a separaticn in which the yield of prccduct is to be 30
per cent i.e. 70 per cent of the feed must pass through the
nozzle. 8ince the nozzle is invariably smaller than the orifice,

it. e B‘/
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it follows that the quantity of coal which can just pass thrcough
the nozzle in unit time, without overloading it, will determine
the percentagé ¢f ccal permissible in the pulp i.e. the smaller
the diameter of the nczzle the smaller the quantity of tailing
which can be discharged in unit time. If, cn thé other hand, a
separation is tc be effected at a specific gravity where the
yield cf prcduct is, say, 90 per cent, the nozzle could be small
relative tc the corifice withcout becoming cverloaded, since the
rate of dischargce of refuse will be small compared tc tie rate of
discharge of product thrcugh the crifice and the diamster of the
orifice would dsterminc the pulp ratic. In cther werds, if the
percentage yield is low the diameter of the nczzle determings
the cptimum pulp ratic and if the percentage yield is high the
diameter of the crifice determines the pulp ratio, (prcvided that

the nozzle is nct excessively small).

Factors Influencing the Efficiency of 8eparaticn.

If the nozzle (or orifice) becomes overloaded the
efficiency is impaired.

The use ¢of orifices larger than abcut 1Zé inches diam-
eter appéars te result in loss of efficiency. Smaller orifices
increase the pericd of pulp retenticn and would, therefire,
be advantageocus if fine material is to be treated.

Decreasc of the apex angle increases the period of pulp
retenticn and consequently the efficiency of separaticn of small
particles.

high fueélprassures also increase the efficiency of
separaticn cf small particles.

When a disc-type orifice is used, a percentage of the
feed by-passes tie cyclcne and impairs the efficiency. This can
be prevented by riplacing the disc-type orifice by a tube pro-
jecting li to 2% inches beneath the cover plate. '

Under..../
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Under cptimum operating conditions, the efficiency of
separaticn 1s ccnstant for particles down to about 48 mesh in
size. The efficiency falls off fcr particles below this size,
but the separaticn is still remarkably sharp for particlcs down

tc 100 mosh.

It will be clear from the preceeding summary of.
conclusicns that the percentage yield of product required and the
slze grading of the feed are the main criteria when selecting
operating conditions to give the maximum possible efficiency and
capacity. In the case of Witbank duff coals, the yield at 1.35
specific gravity is about 30% on the average, and the percentage
of material finer than 1 mm is of the order of 20 to 25 per eent.
The tcp size of the duff ranges from £ to % inch.

Sincc¢ the percentage of fines is high, particular
attention must be paid to the separaticn of small particles.

This requires that -
(a) The feed pressure should be high and
(b) The apex angle should be small,

Both these requirements are also an advantage for
large capacity.

In view of the small yicld, the diameter of the nozzle
determines the pulp ratio and it should, therefore, be as large
as possible, ahd a.relatively high suspension specific gravity
will be required. 4 large feed pipe will also be necessary, as
the feed pressure will be high and maximum thickening effect is
required. A large feed pipe also increases the'capacity.

Since the top size of the feed is likely to be % inch,
the nozzle, orifice and feed pipe diameters should be at least
1% inches. The grading of the feed is also such that a 13 inches
diameter nozzle would permit flow without disturbance.

Interpreting../
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Interpreting these requirements in terms of the facili-
ties available in the laboratory, the following operating con-
ditioﬁs would be selected for these separations.

(1) 9% inches diameter éyclone,

(2) 15 degrees apex angle.

(3) Orifice tube having 1Zg inches diameter and projecting at
least 1 inches beneath cover plate.

(4) Suspension specific gravity of 1.3 or greater, thus requiring
a nozzle of 1% to l@% inches diameter (the maximum nozzle
is l%z

a measure of control should the suspension specific gravity

inches and if 1§% inches 1s aimed at, there is still

selected be too high).

(5) Pulp ratio of 3 to 1l,which has been proved to be satisfactory
for a nozzle of 1% inches diameter.

(6) Feed pressure of 40 1lb. per sq. inch, i.e. the maximum attair-
able with the present set up.

(7) Feed pipe of 1%-of‘2 inches diameter, preferably the latter.

(8) The barytes used previously appears satisfactory as rcgards

size and viscosity.

WASHING TESTS ON_TYPICAL WITBANK DUFF_COALS.

Having determined the optimum operating adjustments
for separations in the region of 1,35 to ;.4 specific gravity,
it was possible to carry out washing ﬁests on typical ¥itbank
duff coals, in order to assess the suitability of the cyclone
washer for the recovery of the coking fraction.

For this purpose, approximately 15 tons of duff were
obtained from cach of three collierics situated in the Witbank
area. Since the investigation was primarily concerned witlhi the
general washing aspect, no c¢ffort was made to obtain samnlcs
whieh would be truly representative of each colliery's normal
output of duff coal.

All..../
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All semples were screened at 4 inch in order to remove
the small percentage of large particles'present in the raw coal.
The presence of this material is due to inefficicnt screcning
at the colliery and it is not a normal constituent of duff.
Thereafter, cach batch of coal was sampled and analysed as shown
in Table 25.

TABLE_25.
ANALYSIS OF THE RAW DUFFES.

Colliery. N Coronation | Lﬁndag vSpringbok
0. 3.
Ash % ” mapde 1 14, 11.8
Moisture % | 3.8 i 2.6
Volatile Mattor 7 - 24,5 27.2
Swelling No. lag lag F
Calorific Value lb.per 1lb. 12.4 125 12.7
Float ( Yield % F.1,35 g 31,8 28.8
& ( 8w.llo, F.1.35 3 55 3% to 4
3ink ( Yield % F.1.4 49.9 500 53.1
Analysis ( Sw.No. F,l.4 1-154g 4 2
( %" 1414 mesh 74.g 6945 02.2
Sereen  (-14 +48 mesh 16. 2] 11.8
% (=48 }72 mesh + LSy 4,1 1.3
Analysis’ (=72 +100 mesh | T 2.0 1.5
% 14 and 48 mesh, Tylur sieves.
72 and 100 mcsh B.S8.sleve

Coals having a swelling index lower than 3 arec usiually
not rcgarded as coking coals. On this basis, therefore, it is
clear that the duff coals shown in Table 25 are unsuitabls for
coking purposes in the raw state. However, it will bz noted that
a céking fraction may be obtained in all three cases by effecting
a separation at 1.35 specific gravity. Recovery of tho coking
fraction from this particular sample of Coronation duff is
clearly not an economic proposition as the yield 1s extremely low
and, in addition, it appears that a theoretical separation would
be required in order to obtain a product of acceptable quality.
The Landau No. 3 duff, on the other hand, contains a comparative-
1y large proportion of material having well developed swelling

propertics and it is thus theorctically pessible to obtain a
satisfactory..../



...93—

satisfactory coking product by effecting a separation ot 1.4
specific gravity,

Wastiing Tests,

4 study of the washability characteristics of these
duffs snowed that the most formidable separations would be en=-
countered at specific gravities between 1.35 and 1.4, It was
decided,therefore, to confine the cyclone washing tests to
separations in thigs region and not to endeavour to wash cach coal
at the optimum spoecific gravity from a coking point of view. In
this way, it was thought, the cyclone would be subjected to the
most rigorous trial possible and, if it was found to be sntig-
factory, it could then be recommended for less difficult scpara-
tions without conducting further tests.

One ton batches of the raw duffs (screened at 5 inch)
were accordingly washed in the cyclone, using the optimum oper-
ating conditions for the required separations. The products and
tailings obtained were recovered on 100 mesh screens, minus 100
mesh material being noglected as it constitutes only = small
proportion of ths raw coal (see Table 25). The recovered producte
and tailings were dried in the sun, weighed,; and sampled in
accordance with standard practice. One sample of each was
crushed aﬁd analysed, while another sample was screened. into
four size fractions. Each size fraction was then separately
subjected to float and sink analysis, and the specific gravity
composition of the original sample was calculated frem these
data. ‘ |

The results of the” washing tests cre reported in Table 26,
and the Tromp distribution factor curves for the minus %<inch
plus 100 mesh material in the feed are shown in Fig.33. Details
of the float and sink and screen analyses of the samples are
given in Appencdices o and 5 respectively., The Tromp distribution
factor curves for the various size fractions of tests 998 and
100C are shown in Mig. 34. The shape of the relevant distribu-
tion factor curves for the remainder of the tests in Tabl. 26,

doee./
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do not differ appreciably from those shown in Fig. 34 and have

been omitted in order to simlify this diagram (see &4ppendix 4)

I4BLE_26.

CYCLONE WaSHING TESTS ON_TYRICuL WITBuNK DUFF CO4LS.
The following conditions were constant for these tests -
(1) 9% inches diameter cyclone, 15° apex angle.
(2) Orifice tube diameter lZé inches.

(3) Nozzle diameter 14 inches.
(4) Feed coal screencd -" +0, plus 100 mesh material recovered,

(5) Pulp ratio 3 to 1

Colliery A ECoronation Landau lSpringbok.
i No. 3.
Test Now 93¢ 995 [100C | 1014 |102B |
Feced pipe diamcter, inches 1% 15 1450 2 2
Orifice tube length, inches 1% P ok | 2% 2%
Suspension specific gravity 1.32 ha 2 1.35‘ Bia3 1.35
Feed pressure, 1lb/sq.inch - 40 40 40 % 35 % 35
Yield of Product, % 31.4 3640 | 47,71 35.7; 535
Ash content of product, % 5.4 4 5.6 611§ 5.8; 6.8
Moisture content of Product % 2.9 1.9 2.0% 2051 2.9
Swelling No. of product. : 2 5 41 31l 1%
ash content of feed Hl2n 14.3 | 14.0{ 12.51 11.9
Specific gravity of sepaation 1.36 1.360 11.385{1.365 [1.405
Theoretical yield of product%! 26.0 37.0 | 47.5] 35.5! 54
ash ;gggigg%?f theoretical 4.8 5.1 5.8 5.3 6.5
+ 0,10 Sp.Gr. distribution 82 L 78 8ol 77
{ Efficiency % 100 92 96 93 1 94
Capacity, tons per hr.of feed.| 9.5 11.7 1 10.1| 12.5 | 11.8|
sl

Comparing the values of the yield and the ash content
of the actual products obtained with the corresponding theoretical
values (obtained from the washability characteristics in dppendix
3), it will be obscrved that the agreement is very close in the
case of all tests except 93C. This close agreement is all the
more remarkable in view of the extremely high +0.10 specific

gravity.../
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(see Table 26)
gravity distributions of the feed at the cutting pointy. Aas will

be noted,the efficiency values obtained exceed 90 per cent in all
cases. Since Fraser and Yancey efficiency values of 80 to 85

per cent are usually congidered acceptable in South Africé?o)it
may be concluded that the performance of the cyclone was entirely
satisfactory.

The composite Tromp distribution factor curves (i.e.
-4 1100 mesh material) in Fig. 33, show that extremely sharp
separations were obtained in all tests. The Tromp distribution
factor curve for a Chance washer, shown superimposed on that of
Test 100C, was obtained when washing South African coal,(graded
minus 5" plus 9%, at 1.525 specific gravity by means of this
procesé%g) Tt will be observed that the two curves do not differ
appreciably, thus indicating that the performance of the cyclone
washer, when treating fine coal, is very nearly equal to that of
the conventional typasfﬁéévy medium washer treating coarse coal.
In other words, the high efficienciles commonly associated wIth
heavy medium waShers, such ag ‘the Chance process, may be obtained
in fine coal cleaning by applying the Cyclone washer.

The Tromp distribution factor curves for the various
size fractions of the feed (Fig. 34) show that the efficiency of
separation is very high for particles ranging in size from % inch
down to about 48 mesh and that the efficiency begins to fall off
for smaller particles. However, comparing the Cyéione Tromp
distribution factor curves for minus 72 mesh plus 100 mesih
material with that of a Jig treating minus & mm plus 0.5 mm feeé,
it will be seen that, compared with a Jig, the performance is
quite satisfactory at least for material down to 100 mesh in size.

It will be observed in Table 26 that the cyclone not
only effected remarkably sharp separations at very difficult
specific gravities, but thet the capacity was also phenomenally
high for so small an apparatus in all cases. In view of these
high capacitics, it may be concluded that the results obtained are
a fair reflection of practical operation. Since each cyclone

.u.nj;.t » 0o l/"
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unit has such a large capacity, it will be apprcciated that the
total capital cost of these components would be relatively low
in a commercial installation.

Coking Tests.

Although the separations described were not effected
with a view tc prcducing the best coking products from the raw
duffs, the products actually obtained werc coked in a small
electfically heated oven of about 600 1lb. capacity, in order to
cbtain scme ideca of the coking qualities of this material. "thile
it is beyond thce scope of the present paper to discuss in detail
the relative qualities of the various cckes made, a summary of the
principal conclusions drawn from these ccking tests may not be
cut of place.

The preduct obtained by washing Coronation duff at 1.36
specific gravity (Test 93C) was not considered to be of any value
as a straight coking cocal. However, it was found that this
product constituted a suitable material for blending with coals
characterised by fairly high free swelling indices e.g. "aterberg
coking coal.

Contrary to the Coronation duff, Landau duff ccal when
washed at both 1.36 and 1.385 specific gravities (Tests 99B and
100C) yielded products which could be rcegarded as being of a

%,

type closely approaching that of straight coking coal. DBcth
products were considered to be excellent blend coking coals.

The products produced from Springbok duff (Tests 1014
and 102B) were found tc be below par as straight ccking ccals.
4 suitable blend material was, however, cbtained after washing

this coal at 1.385 specific gravity (Test 1014).

Utilisation of Tailings.

Detailed analyses of the tailings obtained from the
Tests in Table 26 are reported in Table 27. 1In order to simulate
two stage washing, the tailings were reflcated at 1.58 specifiec
gravity in Carbon Tetrachloride. These results are also shown in

Table 27.
Tabl@ 27 @ o @ o/
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IABLE _27.
ANALYSES OF THE TAILINGS OBTAINED FROM THE
TESTS IN TABLE 26

e

Whole Tailing = ’ Float 1.58 material

N Yield | 4sh | HoO |Cal.Val|Vol.Mat{Yield |Ash ol.Mat|Cal.val.

O« | 4 of % % 11bs/1b g % of | g % 1bs/1b.

Feed ‘ Feed

93C 68.6 15.1 207 12-2 S 62.6 10-5 = 12.8
99B | 64.0 | 19.2] 1.6 | 11l.6 23.3 | 52.4 {12.7 | 27.7 12,7
100C | 52.3 | 21.3}{ 1.9 | 11.2 2ol.1 (ls43.2 (1356 | 23.6 2.5
1014 | 64.3 | 16.21 2.8 | 12,2 23.7 | 57.6 [11.6 | 24.3 12.7
102B | 46.5 | 17.7! 2.9 | 11.5 22.9 | 40.3 [13.0 | 23.4 12.5

Comparing the valucs in Table 27 with the corresponding
values for the raw duff shcwn in Table 25, it will be observed

that the ash content of the whole tailing is somewhat higher

than that of the raw duff in all cases and the calorific value is

correspondingly lower. These differences are however, not

appreciable.

. Although "the tailings could undcubtedly be used as boiler

fuel without further preparaticn, it will be noted that the
quality of prodﬁct which can be produced by reWashing the tailing
at 1.58 specific gravity is in all cases at least equal tn the
raw duff and that the proportion of waste material is only of
the order of 7 to 10 per cent of the raw duff.

These tests illustrate, then,that the ccal which re-
mains after the ccking fraction has been removed from the duff
is not waste material but that a large prcportion of it, if not
ally, could be utilised as boiler fuel. The nsed for rewashing
the tailing will depend largely on econcmic consideraticns and

can not be considircd in the present paper.

Drainage of Washery Products.

Since the meisture content of fine coal after washing

is an important eccncmic factor, it was ddcided to carry cut a

few drainage tests in order to c¢btain some idea of the difficulty

o e



- 98 -

of reducing the moisture content of the cyclone products to an
acceptable walue.

In practice, the product and tailing issuing from the
cyclone would be rinsed free of heavy medium on 30 to 52 mesh
Screens, and finer material would be recovered.separately from
the medium as explained in dppendix 1. Since the percentage.or
material finer than 30 to 52 mesh in the raw duff 1s comparatively
low (see Table 25), the drainage tests were confined to the
Coarscr fraction.

4 quantity of tailing from Test 102B was accordingly
dedusted on a 40 mesh serecn and was thoroughly wetted. This
material was then placed in a 40 gallon oil drum, fitted with
approximately 1 squarc foot of 40 mesh screen in the base, and
‘was allowed to drain., S8cveral tests were carried.out in which
the bulk density of the charge and the height of the drainage
bunker were the chiof variablaes. Average results of these tests

are shown boelow.

l

Initial Moisture K Time to drain | Time to drain } Time to drain |
Content [to 10% moisture| to 9% moisture | to 83% moisture
% AR ey o i hours, i hours,
f [
17.2 [ il ! 5 ’ 11
z | -
[ ; {

!
|

These tests indicate that khe ma jority of the material
wowld drain readily to 10 per cent moisture and that even lower
values could be attained in a reasonable pericd of time., 1In other
words, comparatively small drainage bunker capacity would be
required in order to drain the coal to 9 or 10 ber cent meisture
centent.,

In view of the fact that coking coal is usually wetted
to about 8% moisture before being charged into the coke oveny and
fine coal used for steam raising is wetted to about 10% mcisture
in order to minimisc dust nuisancgzcﬁoth the product and tailing
should be satisfactory after the short drainage periods indicated,

Ty iy
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It will not, therefore, be necessary to make provision for cen-
trifugal or thermal drying except, possibly, in the case of the
small percentage of minus 30 to 52 mesh material., In practice
the coal will probably drain to a sufficient degree during trans-
portation from the washery to the consumer and would not even

require the provision of drainage bunkers.

Conclusions.

It is concluded from the tests described in this
chapter that, from the technical point of view at least, the
Cyclone washer would be entirely satisfactory for the recovery
of the coking fraction from Witbank duff coal on a commercial
scale, 'The coking coal produced in this way appears to be suit-
able for metallurgical purposes, and it is not anticipated that
difficulty will be experienced in reducing the moisture content
to an acceptable valuec. In addition, the non-coking fraction
appears to be suitable for steam raising purposes, espccially if it
is rewashed at a higher specific¢ gravity. In the latter casc,
only a relatively smell proportion of the raw coal would reprcsent
waste material,

Only the cconomic aspect of the problem now remains
to be investigated. The cost of cyclone washing is the wmost
important information required in this connection and, in order
to obtain reliable data, -it would be necessary to erect a con-
tinuous pilot plant of suitable capacity. Since such a plant is
not available at prcsent, a discussion of the economic aspect of

the problem will not be attempted.



CHOICE OF HEAVY MEDIA.

While it is beyond the scope of the present paper to
discuss all the factors which would influence the choice of a
hcavy medium, two of the more important psrtaining to the washing
of fine coal in a cyclone may be considered, viz. -
(1) The influence of the viscosity of the suspension.

(2) Recovery of heavy medium after use.

E;ggggggj_gi Heavy: Medium Suspensions.

According to Driesse£;§) the motion in a heavy liquid
of the majority of the small particles encountered in fine coal

cleaning may be approximated by Allen's formula =

g
1

; e :
f__ﬂ§w“\ éd (Y, i (1)
oy kYT ———
: i \

terminal wvelocity of the particle
diameter of a spherical particle.

specific gravity of the fluid

specific gravity of the particle
acceleration due to gravity.

= kinematic viscosity of the fluid (stokes)

where

il

i

< oed o
non

P = absolute viscosity of the fluid (poiscs)

In the case of the cyclone washer, it can be shown
that the above formula remains unchanged except that the constant,
g, must be replaced by the centrifugal acceleration. Since the
centrifugal acccleration is several times that due to gravity,
it follows that the use of a cyclone increases the separating
velocity of a particle substantially.

As explained previously, the time required for a
separation to be completed is inversely proportiocnal to the wve-

locity of the particles. Now, it will be appreciated that the
time required for scparation has an important bearing on the
efficiency, if the size of the washer, period of pulp retention,
etc., are constant., Thus, the efficicency of separation will be

impaired.../
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impaired if the separating velocity is less than a certain
minimum value which depends on the operating conditicns. In other
words, the velccities of all particles should be as high as
possible in order to ensure optimum efficiency.

It is clear from equation (1) that the terminal velocity
of a particle decrecases -

(a) as its diameter decreases,

(b) as its specific gravity approaches that of the separ-
ating fluid.

(c) as the viscosity of the separating fluid increases.

The viscosity of the fluid (the.cnly factor over which
one can exercise control) is thus of great importance in the
case of small, near gravity particles and should, theref-re, be
as low as possible to cnsure cptimum efficiency of separation of
such material.

The viscosity of a heavy medium suspension may be
determined by means of a consistometer?l) This apparatus consists
of a vertical glass cylinder, having a vclume of about 250 c.c.,
to which a capillary tube (avproximately 2.5 mm bore) is attached
at the lower end. The suspension tc be tested 1is placed in the
glass cylinder and is agitated by means of a small stirrer. The
suspension is then allowed to flow through the capillery tube and
the time taken for 100 cc to pass is noted, timing being commenced
at a fixed level in the glass vessel. The consistometer is
calibrated in the same manner using sucrose solutions of known
viscosity, and the viscosity of the suspension is readily deter-
mined from the calibration data.

A few samples of potential heavy media, ground to
suitable fineness, were obtained and suspensions of vari.us
specific gravities were prepared and tested in a consistometer
as explained. The temperatures of the suspensions were kept
constant at 25°C + %p while determining the viscosity. Details
- of the heavy media tested are given in Table 28 and curves of
viscosity versus specific gravity of suspension are shown in

Figeooo/
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Fig. 35.
TABLE__28.
Heavy Sicve Analysis (B.S.S.) Spécific
Medium +200 . =200 +240 -240 Gravity.
Shale 0 0 100 2.46
Silica Flour 5.6 | 4,1 90.3 2,61
Barytes 0 0.76 99,24 4,17
Magnetite itk SRS 97.8 4,76
Ferrosilicon 28 5.1 66.9 6.5

Each curve in Fig 35 indicates that the viscosity 1is
approximately proporticnal to the specific gravity of the
suspensicn until a point 1s reached above which the viscosity
commences to rise at a continuously increasing rate. A critical
vallic of the suspension specific gravity is soon reached, at
which point the viscosity commencegp to increase very rapidly.

Tt will be noted that the critical suspension specific
gravity is not constant for all the heavy media, but appears to
depend on the spzcific gravity of the medium. Taking the critical
suspension specific gravities for shale and barytes as 1.47 and
2.1,it can be calculated that the concentration of solids- by
volume in the pulp was 32 per cent and 34 per cent respectively.
In other words, the visccsity of a suspension is a function of
the ccncentration of solids by velume, and since barytes has a
higher specific gravity than shale, a higher suspension specific
gravity is attained when the concentration by volume is the same
in both cases. It can alsc be shown that the critical suspension
specific gravity for any given heavy medium depends on the size
of the particles. In general,the finer the medium the lower 1s
the critical specific gravity and vice versa. The size of the
medium particles which should be used, on the other hand, is
governed by the size of the coal to be treated ( see Hirst's

equation, page 88)
Neglectinge.o./
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Neglecting the differences in the size gradings of the
various media for the purpose of the present discussiocn, it is
clear from Figure 35 that shale and silica flour could not be
used for separations higher than about 1.4 and 1.55 specific
gravity respectively. Even at specific gravities lower than
these, barytes, magnetite and ferrosilicon would probably be
preferred when fine material is to be washed, on account of the
lower viscosities obtained when using these media. For example,
assume that a particle of given diameter and specific gravity
is to be washed at 1.35 specific gravity. From Figure 35 it is
found that the viscosities of shale, silica flour and barytes
suspensions having 1.35 specific gravity are approximately
5.0, 3.0 and 2.0 centi poises respectively. Since the separation
of a definite particle at a fixed specific gravity is being

considered, it follows from equation (1) that

w = B n ® (where K is a constant ) U e U099
Substituting the values of the viscosities for the
various media in equation (2% and taking the velocity of the
particle in the shale suspension as unity, it is found that the
relative velocities of the particle would be as follows -

in shale suspension &

in silica flour suspension 1.19
in barytes suspension 1.36

It will thus be noted that the separating velocity of the parti-
cle would be about 36 per cent greater in a barytes suspension
of 1.35 specific gravity, than it would be in a shale suspension
haﬁing the same specific gravity. As explained previously)
thils difference in the separating velocities would become pro-
gressively more important as the diameter of the particle
decreases and its spoecific gravity approaches that of the sus-
pension.

Unfortunately, a sufficiently large quantity of shale
or silica flour of suitable size grading could not be obtained,
and it was, therefore not possible to determine the influence of

increased..../
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increased viscosity on cyclone performance by actually conducting

washing tests.

Recovery of Heavy Medium after use.

is is the case 1in all heavy media processes, the
separated procducts are associated with heavy medium particles when
they leave the cyclone. 8ince the presence of heavy medium would
Inerease thé ash content of the clean coal, it follows-that it must
be removed. In addition, finely ground heavy medium. is compara-
tively expensive (possibly with the exception of naturally
occuring media such as Loess) and must, therefore, be recovered
from the tailing for re-use. ‘

It is customary to pass the product and tailing over
vibrating screens in order to drain off as much of the medium as
possible and the remainder is rinsed off on these screens by
means of water sprays. Hcwever, as it is considered that it
would not be practical tc use screens finer than about 30 to 52
mesh for this purpose,on a commerical scale, a significant pro=-
portion of the cocal would pass through the draining and rinsing
screens with the heavf medium. This fine material can not be
allowed to accumulate in the mediumy as it increases the, viscosity
of the suspension and, in addition, the fines from the product
represent saleable coal.

The heavy media in general use may be divided into two
groups according to their magnetic properties. The non-maghetic
media include sand, shale and barytes, while magnetite and ferro
silicon constitute the magnetic group. Coal particles may be
removed from the former by froth flotation and from the latter
by magnetic separation.

Froth flotation is an expensive process, and the use
of a non=-magnetic medium would probably not be an economic propo-
sition in cases where all the fines are included.in the cyclone
feed. ‘The fine coal would constitute only a small percentage
of the pulp from which it is to be separated and a froth floﬁation

plant.../
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plant of comparatively large capacity would consequently be
required., It would thus appear advantageous when using a non-
magnetic medium to remove all minus 30 to 52 mesh material from
thé feed prior to washing in the cyclone. The percentage of
coal slime in the heavy medium would be reduced appreciably in
this way, and it would prcbably be satisfactory to bleed only a
compératively small percentage of heavy medium for treatment in
a froth flotatlon cell,in order to control the concentration of
slimes. The fines removed from the cyclone feed could either be
dumped, or be cleaned by froth flotation or by other means as
circumstances demand, or be used as such.

Magnetic separation, on the other hand, is rclatively
inexpensive in operation and it should consequently be feaslble
to treat all the coal in the cyclone and thus take full advantage

of the high separating efficiency of this washer.

{
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APPENDIX 2.

FLOAT AND SINK ANALYSES OF THE_ SAMPLES.

NOTE: In all tests in which the raw feed consisted entirely
of material larger than 1 mm. the float and sink analyses of
the products and téilings obtained were carried out fraction-
ally. When the raw feed consisted éntirely of material

smaller than 1 mm., the float and sink analyses were carried
out cumulatively. The same procedure was adopted in the case
of tests in which the products and tailings were divided into

a number of size fractions (i.e. plus 1 mm material was
analysed fractionally and minus lmm material was analysed

cumulatively).

For the purpose of the following tables, material
larger than 1 mm and material finer than 1 mm will be referred

to as 'coarse!" and "fine" respectively.
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APPENDIX 2,

TABLE 2% Fractional Yields and Ash Contents of Coarse Products
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TABLE 29 Continued:
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Specific Gravity Fractions

Test
s - I1.31.3-1.35]/1.35-1,4/1.4-1.45]1,45-1.5|1.5-1/58 »1.58 |
73E |Yield% [23.5| 26.6 19,0 17,8 8,0 4,0 1,1
A-Sh% 3.4' 607 8.0 11.0 ’ — o -
73H |Yield% [41.2| 37.9 14,3 4,8 1.8 0 0
Ash% 3.2 5-5 7-8 = = o (g
744 |Yield% [26.,0| 43,2 17,8 743 4,3 1.4 0
ASh% 2»9 5-3 803 i = = =
74D |Yield% (18,4 | 44.3 21.3 8.1 6.7 1.2 0
ASh% 3-3 5.9 809 1105 = nd -
75D [Yield% |22.4| 35.4 21,1 LT 4,9 2,0 L 0.6
Ash% EOEl . St 8e2 - = = &
75F |Yield% |23.4| 34.5 20,5 12,5 6ol 2.4 0.6
ASh% 301 507 8!3 - & - -
80C [Yield% |36.5| 46.4 1587 1.4 0 0 0
Ash% Fe24" Sigh 746 - = - =
80E |Yield% |37.4| 46.7 14,1 128 0 0 0
Ash% 3a3] 5.8 7.8 - . G 5
80D |vield% |33.3] 46.1 16.8 3.0 0.8 0 0
Ash% J=5 5.7 7S i - : =
80F |Yield% |33.0| 51.8 13,4 1.8 0 0 0
ASh% 3-2 5-9 709 - o = -
80G |Yield% [44,8]| 46.7 648 1,8 0 0 0
A-Sh% 3-4' 509 709 o~ — = -
80H |Yield% |34.2]| 44,9 17,6 2.3 1.0 0 0
ASh% 3.1 509 7-9 ‘ T Y s o
84A |Yield% |59.6| 37.4 2,0 1,0 ) 0 0
Ash% - | 3.6| 5.5 747 2 = * i
88B |Yield% |64.0| 35.0 1,0 0 0 0
'A-Sh% 3-3 503 9.0 - - - ™
904 |Yield% [40.0| 10,7 0,8 0 0 0 0
Ash% B Dlle 5ab 7.6 - < = -
01A |Yield% [29.4 | 41.0 0742 2.3 0.1 0 0
=M |Ash% | 3.8 5,1 6.6 10,7 20.1 e -
143) |
;gsc Yield% |20.6 | 33.2 43,9 2,2 0.1 0 0
.vz";
14%) | Ash% St el 6.6 949 19.8 = =
994 |Yield% [58.9 | 32,8 6.8 1.5 0 0 0
Ash% a7 5¢9 8.1 - i - -
95B [Yield? [48.3 | 35.3 15.4 1.0 0 0 0
Ash % { 3.8 6.1 749 - - - -
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2

‘Specific Gravity Fractions

Tget |
We311.3-1.35]1.35-1,4 1,4-1,45 1,45-1.5/1.5-1.58 ji.,58
95¢ |Yield% [1.7| 36.4 20,6 | 1.3 0 0 0
Lish% a5 5.9 7 =% = . X
95D |Yield% [43.3 34.1 21.4 1.2 0 0 0
ASh% 3.8 600 707 = == - =
95E |Yield% [52.4| 3641 11.0 0.5 0 o |o
Ash% 3.9 6.4 7.9 - E - N
OS5F |Yield% [64,0 32,9 2.7 0.4 0 0 0
Ash% 3.8 6.1 8.0 - = i -
96B |Yield% |(68.3| 30.7 0.7 0.3 0 0 0
'A-Sh% ) 3-5 5:3 609 1097 = = =
96C |Yield% [67.9 30.9 il it 0.1 0 0 0
Ash% 385 e i 10k - - -
96D |Yield% (45,8 47,2 67 0.3 0 0 0
Ashp 3.4 5.7 7l - - - -
96E |Yield% |26.1 Cons) 8.2 0.2 0 0 0
[.\.Sh% 301 501 7-0 - - - -
96F |Yield% |44,8 53.0 2,0 0.2 0 0 0
Ashp E) Gite 7.0 - - v =
?%B Yield% [35.6 48,2 155 0,7 0 0 0
+14*) | Ashg 3.4 5,7 7.9 | 12,9 & . -
19%c Yield% |27.3 i 27.8 2.8 0.4 0 0
+Iah|asng | 3.5] 6.1 8.2 | 10.5 | 23.7 - -
Q934 (vielas 30.3] 463 | 20,8 | 2.1 0.5 0 g
14 (nsn% | 3.9 5.8 7.5 | 10,4 | 20.2 = 7
(1g§B, Yield% |15.4 33.8 35.0 14,9 0.9 0 0
+14#)| Ashg 3.7] 5.6 8,0 9.8 U5 - -
N.B.# = square mesh.
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Fractional Yields and Ash Contents of Coarse

TABLE 30:
Tailings.
{ Specific Gravity Fractions. i
| Test ? , i
I No., (1.3 ]1.3-1.35[1.35-1.4]|1.4-1,45{1.45-1.5 1.5~1.58§1.58
11B | Yield %! 0.3 1.8 5.3 20,1 18.0 20,3 | 34,2
- Ash % | 3.6 6.8 9,8 13.1 16.9 ¢ 22.5 | 43.6
17C {Yield %| 1.4 5.4 23,2 26.4 el 16,9 | 15.2
Ash % | 3.8 6.4 8.6 17 151 ~ =
17H | Yield %| 3.1| 1l4.4 2550 25.3 9,0 12.2 | 10,5 |
ASh % 306 6-5 8.5 11.6 15.5 b -
18C | Yield %| 0.9 a2 22.4 24,0 17.9 | 12.0 | 16.5
Ash % | 4.7 6.7 8.5 11.2 15.0 21.9 | 46.7
19C | Yield %| 0.7 6.5 24,0 24,6 16.8 12.0 | 155
Ash % | 4.6 6.7 8.4 11.4 15,5 21.5 | 44.9
20D |Yield %! O 4,8 21.0 23.3 - 2l.2 12.6 | 17.2
[LSh % o= 7.1 807 llc3 1504‘ 21.4‘ 4’507
20G ‘| Yield %| O 3.4 16.8 26,8 21.8 14,4 | 16.8
Ash % | - 6.5 8.7 12,1 15.3 20.9 | 45.3
214 | Yield %| 0.6 3.1 19.9 29,1 19.6 12,1 | 15.7
(-%"+1mm) Ash % - - - - - - -
' 21B | Yield %{ 0.6 3.3 16.9 3345 15.3 15.0 | 15.4
(-%"+1gm) Ash % | - - - - - - -
21G |Yield % 1.1 6.5 21,0 27 .6 17.5 12,7 | 13.4
(-3"+1mm)Ash % - - - - - - -
21H |Yield %| 0.9 7.6 X750 32.7 16.5 11.8 | 13,2
(-%"+1mm) Ash - - = - X > e
284 |Yield 4 1.0| 4.0 e 26,9 19.5 | 35.0(>1.5)
Ash % - 5.8 8.1 10.7 - -
28B |Yield %| 0.6 4.3 18.3 34,1 18.3 24.4(>1.5)
[LSh % 2 509 7.8 10-6 o) . ! ~ f
29A |Yield % 1.8| 10.5 16.7 25.0 18.8 | 12.5 | 14.7
Ash % | 4.4] 5.5 8.1 10.8 - - -
29D {Yield %| 0.7 4.8 22,4 27,3 44,8(>1,45)
‘!\*Sh % 4.0 603 706 10-5 = - ™ i
29F |Y¥ield 4 0.2] 2.5 | 21.5 26.0 19.2 30.6(9105)
Ash & | - | 5.7 8.0 10.7 - - T -
290G |Yield %| © 1.6 10.3 BibRl2 23.5 29.4(>1.5)
J:\&Sh % - - =3 o= - = ! -
29H |Yield % O 0.8 Z o | 35.3 29.9 32.0(>1.5)
Lsh % - - - - - - ’ -
291 |Yield % O 0 1.8 17.8 o2 41,1 ;1.
e D e R
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TABLE 33 Continued:

T§st Specifie Gravity Fractions
O,
103 103"1035 1035"'1[4 104"1¢45 1.4‘5"1.5 105"1&58 >1.58
324(Yield | 1.7| 4.9 21.4 22,1 15,2 10.9 {23,8
ASh% 307 10¢6 16&6\ 2149 26.6 31l9 59-5
334|Yield%| 0.6] 2,2 7,8 18,3 10,2 15.8 (45,2
Ash% 2.9] 9.1 16,2 |\ 21.6 26.8 31.9 |49.8
344|Yield%| 0.6| 2.3 9.3 21,2 17,3 16,8 32,5
354 Yield%| 0.5 1.6 9.7 1347 12,2 10,6 [51.7
Ash% 2,71 9.4 16,8 21,2 26,0 31.0 63,0
50G|Yield | 2.4| 8.6 172 24,7 19,2 15.2 |12.6
ASh% 306 508 709 - S ~ = =
51C|Yield%| 0.7| 5.7 15.0 26,1 23,8 16,3 (12,6
Ash% 33 5.6 748 - - - -
61B|Yield%| 1.5| 9.4 20.7 19,2 2L 28,101, 5)
Lsh% 3.3 5.4 7.8 9.9 14,4 30,2 -
70A|Yield%| 2.1] 9.6 19.7 20,9 20,9 14,8 |16.0
Ash% 3,71 6yl 8,5 11,1 15,1 21,3 }43,.2-
70C|Yield%| 1.7| 8.5 15,0 2449 20,3 29,6(7L5)
ASh% ‘ 304 6.0 8;2 11.0 1406 31-6 I =
70E| vield%| 1.5| 8.1 19,1 26,0 18.6 26,7(3L,5)
Ash% 3.4 6.0 53 10,7 14,5 32,6 i
70E|viela%| 1.5] 8.1 19,1 26.0 | 18,6 26.7(L5)
ASh%" 3.4 600 803 1007 1465 3206
70G{Yield%| 1.8 11.5 28 ol 24,5 38,0(>1,45)
Ashd 3.6 6,2 8.4 165/ 26,1
7141 Yield%| 3.7 9.5 16,2 24,1 1643 30,1(>1.5)
Ash% | 3.5 5.6 8.2 11,0 1485 33.8
71¢| vield%| 2.7] 9.7 20,0 24,3 1648 2646(*1.5)
Ash | 3.5 5.5 8.1 10,8 1448 33.3
71E |Yield%| 2.6] 9.6 24,4 23,3 1644 23.,7(>1.5)
Ash% 3.3l 547 8,0 1057 14,7 32,2
720 Yield%| 3.9] 16.0 16.1 20,7 15.9 13.0 [14.4
ASh 3.0 505 8‘1 10.5 =% b =
72G{Yield%| 2.4/ 12.8 16.8 21.5 14,9 14,6 [17.0
Ash% L R 8.3 11,0 2 = =
7341 Yield%| 5.5 13.4 14,0 19,4 12,7 14,9 (19,9
ASh% 3'1 6.0 % 8.3 11.2 (2 o =
73B|Yield%| 4.9 13.4 12,7 19,6 14,5 15.3 [20,3
Ash% | 3.0 5,8 8.3 | 1l.1 - - -
73H|Yield%| 4.4 18.9 1.8 1 20,2 131 21.6(>1.5)
ASh% 3.4 5-8 8;"’7 11,6 - = 3 =
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I.BLE 30 Continued:

TSgt' . Specifie Gravity Fractibns
| Q.3]143-1.35/1,35-1,4(1,4=1,45{1,45-1.5 |1,5-1.58| ¥1,58
744 |[Yield% | 7.7| 15,4 19.6 17,2 15,8 12,9 11,4
Lsh% b 5.9 8,3 11,2 = = &
74D |Yield% | 4,8| 13,8 21,2 17,1 16.8 14,5 [11.8
Ash% 3,5 6.0 8,8 11,5 - - -
75D |(Yield% | 4.8] 16,0 17. 16.5 17.3 11.5 (16,0
ASh% 2»9 5-6 8.3 — i == b
75F |Yield% | 5.9 13,2 17.9 18.1 16,8 11.8 1643
} ASh% ' 3.3 6.0 807 b Lol - =
80C |Yield% | 1.3| 7.0 18,2 26,1 47,5(7.45)
ASh% 395 6o4 8-5 ) o= l = =
80E |vield% | 0.9 4.6 20,0 25,2 4943(>1.45)
ashg | 3.7| 6.1 8.6 - - -] -
80D |Yield% | 0.8| 4.4 15,9 28,5 18,5  31.8(>1.5)
.A.Sh% 3,7 6.3 8‘3 >’ - l o | -
80F |Yield? | 1.0| 4.1 20,7 23,2 51.0(51.45)
Ash% 4,01 6,2 8.5 " = =
80G |Yield% | 1.6| 11,7 22,9 20,3 43,5(%1,45)
Ash% 3.6 6.5 &7 - - . .5
80H |vield% | 0.8] 3.1 20,6 25,7 20,3 29,5(51,5)
Ash% 3.6] 642 8,4 - - - 2
844 |Y¥ield% | 1.6| 14,3 16,1 29,4 38.6(.45)
ASh% . 306 603 801 - bt v =
888 |vield% | 1.3] 14.2 A 61,8( 5L, 4) = =
Ash% = | 3.7 5¢9 Eqil - - - -
904 |Yield% | 0.8| 7.4 18.6 30,5 |  #2,7(>1.45)
Ash% 3e6] 6.5 843 =
(9%A Yield% | 0.3| 4.8 49,3 24.7 11.4 9.5(>1.5)
s 1T
+14 M| Ash N 795 11.5 16,8 41.7
(9 C |Yield% | 0.2] 3.8 45,0 25,5 12,5 13,0(>1.5)
]
L12%) (asnz | 3.8] 5.2 7,4 11,1 16.4 41,3
954 |Yield% | 2,0| 11.2 25,0 19.2 42,6(3.,45)
Ash% 308 6.4' 8.7 - - l - L
95B |YieldZ | 1.1| 5.3 29,0 21.6 43.0(51.45) _
Ash% | 3.8] 6.4 9,0 = - - =
95C |vield? | 1.0| 4.5 | 33.8 15,7 45,0(>1,45)
.A.S'h% 3.9 6.8 8.6 - - I . - "
95D |Yield% | 1.2| 4.0 29.3 20,7 44.,8(21,45)
Ash% 4,3}, 6.7 9e2 = - 5 =
95E |vield% | 1.3] 6.0 27.6 22,0 43,1(>1,45)
Ash% 4,0 6.6 9,1 - - & .
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TABLE 30Continued:

Test | Specific Gravity Fractions
S (1.3 |1.3-1.35/1.35-1.44]1,4-1.45 |1.45-1.5|1.5-1.58/>1.58
O5F |Yield%| 2,7 | 12.3 29,2 20,0 35.8(»1.45)
Ash% | 4.4] 6.9 9.0 - - = .
96B |Yield%| 3.0 21.3 19.5 20.6 35.6(71,45)
Ash% | 3.2 6.0 8,2 157 EERC i = -
96C I¥ieldg| 2,8 18.4 2343 23.8 31.7(51.45)
Ash% " | 3.6 643 8,7 = = = -
96D 'Yield%| 0.8| 12.8 23.4 22,9 40,1(y1,45)
Ash% | 3.7 6.6 8,8 " - - -
96E {Yield% 0,3 10.7 27.5 20,2 41,3(21.45)
ASh% 401 6.7 8;7 e - i = =
96F [Yieldd 0.6| 12,9 31,1 2l ) 34,2(y1.45)
ASh% 3-3 6.2 904 = = ! — =
, ?9B,Yield% 0.3f 4.1 28.0 24,7 42,9(¥yL.45)
1l
+14%lashg | 3.4 6.3 8.9 11.9 28,8 - S
(;ggc Yieldd 0.2| 1.5 13.6 29.3 | 25.0 30,4(>1.5)
+129as0% | 3.6] 6.6 9.1 11.7 15,3 37.8 |
1014 [VieldZ 0.5 4.3 21,1 37.4 19,8 | 16.9(y1.5)
434%>Ash% 3.8/ 6.1 8.2 10.2 14,6 33.1
é?RZB Yieldq 0.3| 1.6 7.8 39,2 2 23.9(71.5)
+14Miash% | 3.7{ 5.8 8¢3 10,5 15,4 35,4
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T/BLE 31, Cumulative Yields and Ash Contents of Fine Products,

nomrn . r— e

Test Specific Gravity.

Lsh %

Yo. 1.3 | 1.35( 1.4 | 1.45 | 1.5 | 1.58 | >1.58!
26C | Yield % 29.8 |69.4 | 88,0 | 95.0 | 97.3 | 98.7 1.3
ish % 2.6 | 3.9 | 47 |29 | 5.1 | 5| T
314 |Yield % 42,2 | 72,4 |89.1 |97.1 | 99.3 |1c0 0
A.Sh % 2.6 3.7 4.3 = = B .
31B |Yield # | 35.8 |73.4 | 89.3 | 95.8 | 98.3 | 99.2 | 0.8
.ASh % 206 3.8 4’.4’ = — o T
31C |Yield % | 41.0 | 74.2 | 89.6 | 95.0 | 97.9 | 99.0 | 1.0
.A.Sh % 207 3-9 4-3 . = - =
31D |Yield % 39.2 (72,0 [88,7 |95.7 | 98,2 | 9.9 | 1.1
Ash % 2.6, 1 3.8 | 4.4 " . : -
31F |Yield % 47.2% 79.1 [89.6 | 95.4 | 98.2 90,2 0.8
ish % Do 3.6 3.8 - - = -
e Yield_; 34.2 | 66.9 |83.0C 9ét4- “95.8 %<5 1l N2
31U | do % 36.8 | 71.9 |89.9 | 94.7 | 97.6 99.0 1.0
31W | do % 31.3 165.6 |85.0 |94,9 | 98.3 | 98.6 | 1.4
31X do % 34.5 |66.2 86,2 | 95,0 | 97.3 99.6 0.4
31Y | do % 29.4 165.2 188.1 195.9 | 99.0 | 99.6 | 0.4
317 do % 34,3 |67.9 [90.1 | 96.8 | 99,5 9¢.7 0.3
3144 | do % 4.6 47,8 166.1 | 81.5 | 90.6 9€.3 LV
47 |Yield & | 34.3 I56.7 175.0 |93.5 96.8" | 99.0 | 1.0
’ ish % = 3 449 5-5 - - =
47F |Yield % | 33.8 |65.6 |83.2 |93.6 | 96.9 | 99.1 | 0.9
ish % 2.4 | 3.8 | 4.4 | 5.0 - X ¥
.
481 |Yield % 23.5 |48.4 63,0 [82,9 | 91.2 08.3 1.7
Ash % - 4.2 4,9 5.8 = -
764 |Yield % 28,0 153.9 [72.1 |85.0 |92.9 |99.2 | 0.8
*ﬂlsh.?{j 209 3-9 4'-9 : 507 = == =)
76C  |Yield % 7.5 76,5 [92.0 |94.8 | 97.9 95.8 | 0.2
-’-A:‘-Sh % 205’ 3-4 4,2 - - e -
76E |Yield % | 24.8 |48.2 [67.5 [83.8 | 90.2 |98.7 | 1.3
A.Sh %‘ 2ot 306 5-3 602 ! 6-5 I -
854 |Yield %  |32.0 [85.3 [97.6 [99.0 100.0
Lsh % 2.4 13,7 [a.0 - i
85E |Yield % 21.9  [66.2 [89.2 |98.6 i100.0 g 3
. J.’:-Sh L/7) 2.4 3.8 4.8 - -
864 |Yield % |30.7 7.2  bl.a |96.8 i99.2 h00.0 | = | |
Ash % s 3.8 - L = .
8B |vield'#. | 28.5 [63.8 $8.1 |96.4 |99.0 p00.0 | -
2.4 3.7 4,8 - ] - b~
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TABLE 31, continued.

mnO/ ONON | O | OV
L3 L4 L] e @ -0
.l._ ot i [ I ] t LI | t LI 1 I 1 i 1 i (I GO 1 O~ | ©C
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4PPENDIX 2,
IABLE 32: Cumulative Yields and Ash Contents of Fine
Tailings.,

B I Specific Gravity i
Test -y t
E i T R f
No. 1.3 1.35 [ 1.4 | 1.45 | 1.5 | 1.58 {>1.58
26C | Yield £ [ 3.0 | 6.5 |21.7]|44.9 | 64.6 | 761 21.9
| Lsh % 2.9 | 4.4 | 6.5| 8.C 9.6 | 11.2 | 48.9
31A o Yield % | 3.5 | 11,9 [27.2|52,0 | 66.8 | 79.0 | 21.0
| Lsh % - 4.2 150970 , L -
318 Yield % | 2.8 | 8.3 |22.9|48.6 | 67.5 | 76.3 | 20.7
A.Sh ‘]i? oo bt :‘;‘02 ' 603 =2 = = § =
31C Yield # ' 2,9 | 8.8 |22.0|47.9 | 66.4 | 81.0 | 15.0
Lsh % - 4,8 6.4 5 - - £
31D Yield # | 3.9 | 10.8 |22.1147.9 | 66.3 | 78.6 | 21.5
? A'A.LSh 7. . — 4.8 6.3 Lol - -— -| -
31F Yicld % | 6.7 | 17.7 [29.4 |54.3 | 69.9 | 82.1 | 17.9
Lsh % 2.8 | 4,7 { 6:4{ - = s 3
31T | Yield % | 3.3 | 9.3 |20.4 |51.3 | 69.6 | 79.5 1 20.5
310 do 2.1 7.2 22,5 140.2 | 647 | 76,6 | 23.2
31w do | 2.5 | 6.6 [14.7 140.3 | 63.5 | 78.6 | 21.4
31X do | 2.4 1 5.9 116.8137.7 | 64.0 | 79.5 | 20.5
31Y do f1.7 5.2 115.9 [35.8 5921 | 79.7 i 2(.3
312 do 1.4 ) 3.9 1103 [36.1 | 56.5 | 78,5 | 21.5
3144 do 8.5 | 19.7 137.5 56,0 | 69.4 |81.8 | 18.0
47B Yield % | 3.6 | 8,5 |20.1 |42.2 59.3 | 75.2 24,8 |
; Ash % ~ 5.0 64 | 8.2 - - L |
}47F Yield % | 2,6 7.8 119.8 {49.8 65.1 | 82,6 17.4
Ash % - | - 4.1 602 | 8.2 - - =
481 Yield % ? 6:8 | 15,2 “26.5 46.3 62.3 | 77.7 22.3
ASh % :; . 4'-1 5.7 7.1 e : = ; b '
764 " Yield % | 7.2 | 18.5 |32.4 149.5 | 62.3 1875 133
Ash & | 2.5 | 4,3 |76.5 | 7.2 " i .
76C | Yield % | 5.6 | 18.7 [35.7 157.5 | 72.2 |86.2 138
Ash % | 2,4 | 4,4 |75.9 "1 B o g
76E P Yield % [ 8.7 207 [31.8 [53.2 | 64.2 179086 120.2
| Ash % 2.6 4,1 5¢5 1 72 8.5 - -
854 | Yield 4 | 4.3 | 17.5 [36.2 [61.3 1 77.5 | 225001500
Ash % 2.7 4,2 A . E = y
85E Tield % © 1.5 | 8.1 [20.7 [42.9 | 67.1 |32.9(<1.5)-
Ash ¢ 2.8 4,2 6.2 | - TR - i
864 | Yield 2 | 2.9 113.4 32,9 [55.7 | 73.1 |83.4 | le.¢
Ash ¢ 2,7 4,4 6.4 = = = L -
B6B | Yield # | 3.0 | 8.3 2.0 L5 65.1 177.0 1 23.0
L Ash 2.7 | 4.3 | 6.5 | - - R
874 Yield % | 7.8 §26.6 [44.5 160.7 | 76.9 | 23.101.5)-
} A.Sh % 2.6 4‘03 i 505 . = - o 1
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APPENDIX

TABLE 32, continued.

NOTE:s
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APPENDIX 3,

from the data In Appendix 2,

Test Specific Gravity,
e 1.3 | 1.35 | 3.4 | 1,45 1.5 1,58
11B [ield% | 8.6 39,5 58,4 71.1 78,9 86.9
L.sh% 3,0 5.3 6.6 e 8.6 9.9
17C [Field% [ 9.0 2743 28,3 68, 3 76.9 -
A-Sh/(‘/’ -_3.4 5.0 6.5 8.0 §___‘ﬁ9 =
 17H [Vield% [14.2 33,8 52,6 74,8 82.0 =
AShf/:) 3.4‘ 4‘-9 603 7-7 804' -
18C [WieldZ [13.9 31.0 49,8 67.1 - -
Ash% 3.5 4,9 63 225 - =
190 ieldf/o | 03 31c4' 5006 6509 - =
Ash% 3.6 De2 6o 4 7.7 - =
20D Wieldz [|12.4 30.8 20.3 T 66.4 - -
ASh% 3;4 5.1 6.4 706 hsd =
20G [Yield% [12.0 317 52,3 69.0 - -
Ash% 3,3 5.0 6o4 To? - 2
DTL NieldZ T30 T 257 78,0 6.9 79.6 87.9
(=%"+1300 7 shd = - . Com. - Q-
21B ¥ield% [12.6 30,7 48,4 69,0 7942 88,5
(-31300%Ashg - | - = = = = -
221G, Nield? [12.4 g 6.6 66,6 79.6 08,7
(<241 00#) [Ash% - - - - - - -
210 ,Nield% |12.5 29.6 24 x 67,2 79.7 88. 38
"4100™){Ash% ~ - - - - -
kiLTQQTfﬁ%ield% 12,2 | 32.7 29,3 | 65.7 78,2 86.7 °
i Ash% 2.6 4,0 542 6ol - =
281}. ieId% 6.8 23.9 4‘207 62.2 7507 -
.A.Sh% 3.2 418 602 ?-6 e o
26B ield% 8.6 26:9 4’219 6802 - -
ASh? - - - - - -
29A [Yield% | 9.5 29,4 47,4 69.3 82.9 01.3
A.Sh% 4.1 5.1 6.2 . = =
29D [Y1eld% | 7.8 24,7 43,6 65.1 = -
f&sh% 3.2 4.7 6.0 0 = —
2980 [Yield% | 8.0 26,9 48,2 66,2 (7D -
ASh% _3.2 4'.8 6.2 - o o
200G Yiﬁld% 12,2 29.5 45,9 6842 82.3 -
Ash% = = - 5 = -
29'H .‘[\Ylg?d% 10.7 32.4 5003 73-1 86.2 -
sh% - me = - = - =
55T fiﬁld% 0.8 13IT.0 7k R 86,0 -
s "/’J - - - = - =
3LL YTeld% [16.4 32,1 47,8 67,0 776 85.7
Ash% 2,6 3,9 4,9 - - -
31B [Yield% [15.F 3361 48,2 66.6 79.3 86.9
AShrfg 2.6 3-9 5.0 e = =
31C [Yield% |18.0 357 43,8 66.6 78,0 88, 2
— A_Sh% 2.7 4‘00 409 2 o -
31D [Y1eld? [17.2 33,8 47,2 65.9 78.3 86, &
: 1sh# 246 4,0 540 - = %
31IF leld% (16,0 31.8 4342 bl 7 76,3 05,9
Ash? 7 4,1 5.1 - - -
31T [Yield% [16.1 33,2 46,3 68.3 80,5 87.0
31U [Yield% (15,0 31,2 47,5 6044 76,9 85,0
31W [¥ield% (15,7 3347 47.1 65:5 7946 87.8
31X [Yield% [17.0 33.3 48,4 63,8 79.2 88.7
31Y [Yield% [14.9 Eonl 50,2 64,4 78,1 89,2
31Z [¥ield% {17.2 | 34,5 1941 T 65.2 7741 88,6
31.[1.[1 ield% 13-5 28.5 46,4 63’9 76QO 86.3
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T§st JSpecific Gravity
5 I3 335 1.4 1.45 1,5 | 1,58
324 [Yieldd |11.6 | -29.7 55.0 69,2 78.8 8559
Ash?% 3.1 6.6 10.7 13.0 14,7 -
338 [Y¥ield% |12.2 26,0 38.4 51.6 58.7 09.6
Ash% 3,0 6,1 9.1 12,3 14,0 16,8
325 [Y¥ield% | 12,0 287 434 58.4 69.3 80.0
Ash% 3,0 6,2 9,2 12,3 14,5 16,7
I5K [ Yield% 9.6 20.8 350 46,7 596 6343
Z7B | ¥ield% | 19,0 32.7 47,6 67.9 78,1 87.1
Ash% - 39 5.2 6.% - -
4% Yield% 16.5 - 33.5 45,0 69. 7942 6949
Ash% 2.4 3.8 4,8 - - -
8L [Yield% | 16.0 33,4 46,5 66,4 78¢3 89.1
ASh% = 4.2 5.1 602 s ey
50G | Yield% 79 2543 46,6 674 81,3 92.3
Ash% - ) - - - -
510 Yield 6. ) 28.6 49.0 69-3 8306 9209
ASh% 3-6 5;2 60% == - =
61B |Yield% 7 0 27,0 15, 61,0 778 =
Ash% Al 4.6 509 e = =
704 | Yield% | 10,0 28.1 48,6 66,2 80.4 90,0
70E Yield% 13-5 32-2 51-4 6909 82'3 .
206G | Yield% | 14.3 33.8 54,5 a5 - ~
714 | Yield% | 10.4 26,1 45,5 65,0 T -
71C |Yield? | 9.8 | 27.6 4843 67.6 80.5 =
71E [ Yield% | 12.4 29,4 51.4 69.9 82,3 -
22C [ ¥ield% I 10,0 31.5 48,6 67.3 80.1 90,0
72G |Yield% | 9.6 | 33.5 52,0 7L.6 82,0 | 91.4
734 | Yield% | 12,9 | 32,2 48,6 68.1 78,9 | 89.4
73E |Yield% | 14.2 | 34,5 50.5 69.1 80.2 | 89.7
73H Yield% 1405 3805 5803 7403 84.3 =
744 | Yield% | 12,3 34,6 5349 68,8 81,8 92,0
74D | Yield% 9,4 33.6 54,8 88.8 82,2 92,1
75D Yield% 1006 3300 5109 67-5 80.7 89-1
75F | Yield% | 13.7 36,4 5545 sl 83.1 90,7
76A [ Yields | 18,2 | 37.3 53.4 | 68.3 785 [ 93.9
ASh% '2.8 4.0 5.4 6.3 by e
76C | Yield% | 16.4 3346 50,2 67.1 78,8 89.7
Ash% = L2 = i & -
76E | Yield% | 17.2 35,7 50,7 69.4 77.9 89.8
ASh% 2-5 308 '504 6.6 i -
_800 Yield% 12'5 3201 4‘9.5 6707 - -
ASh% 302 4.8 6.0 - - et
80E | Yield% | 14.5 | 34.7 52.6 69.1 5 -
Ash% ERE 4,8 6.0 = . =
Lshi 3.2 | 4,8 5.9 - - -
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APPENDIX 4

Tromp Distribution Factors Calculated from the data in
Appendix 2

i 2ere

Specific Gravity

Test No. | 41,3 131 3523500 A L. Am1 A5 1 451 5 Lo 5
11B ' 98.7 1 97.8 89.6 41.3 15.3 | " 6.2
17¢ 89.0 | 79.0 | 21.0 | 5.5 e 3.7
17H 83.0 | 43,0 4.8 3.2 3.2 2.3
18¢C 96,0 | 75.0 17.5 4.3 542 0
19C 96.0 | 75.0 12,9 4,1 25 0
20D 100,0 | 83.0 29.0 4.6 &7 0
206G 100,0 | 90.0 53 40 6.6 e 0
P1L (-%"+100%) 94.0 | 89.0 39.4 12.0 6.8 5.0 -
21B (~3"+100%) | 94,4 | 88,8 2g) I | 6.4 3.1
21G (-~%"+100%) 91.0 | 73.1 35.7 12.2 11.6 6.3
21H (~-3"+100#) 9l.4 | 71.4 22.2 6.6 746 3.1
26C 37.7 | 89.0 46.5 17.7 77 z 6.8
284 90,0 | 84.0 50,0 Gl 0.7 f 0
28B 95.5 | 82.2 | 15.6 0.4 o I @
294 | 8845 | 68.0 44,0 31.0 e, 20 i S
29D 93.0 | 78,0 7.9 | l.4 0 0
29F 99.0 | 91.0 32.0 Ztcae e b, 2 0
29G 100.,0 4,0 62.0 5.8 | 0.7 0
29H 100.0 | 98.0 95.0 33.0 0.8 0
291 100.0 |100.0 97.0 73.0 10.1 0
31A 85.7 | 64.2 35.3 13.9 6.6 235
31B | 88.7 1 80,8 40,1 s 749 4,0
31C 90,0 | 78.4 43.3 11.8 8.9 | 4.3
31D 86.1 | 74,0 | 47.0 13.9 7.3 3.2
31F 68.2 | 4642 21.0 6.3 4.8 2.1
31T 88.0 ;| 79.4 50.6 17.7 10 10.7
31U 91.2 ; 8C.2 41.0 13.8 6.6 6.4
31w 92.0 | 88.0 67,0 25.0 11,3 1.2
31X 92.4 | 88,3 60.0 26.0 6.5 | 10.5
31Y 9440 1 90.0 66.0 | 26.0 11.9 2.7

' ; | MR
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LEyBDI 4 Conticued.

_Specific Gravity

Test No. - <1.3 1.3~1.3531.35—1.4 1.4-1,45i1.45—1.5il.S-l.Sg
312 96.0 | 92.5 74.0 | 20.0 | 10.9 | 0.9
3144 57.0 | 48.5 | 31.8 | 27.5 24,0 | 17.5
324 91.0 83.5 48.5 5e2 3.6 0
334 | 96.7 | 89.2 | 58.0 6.8 { 4.2 | 2.4
344 96.9 | 91.6 | 61.2 | 13.7 | 2.8 | 3.7
354 | 96.4 | 89.8 % B 3.0 ? 2.7
47B 90.5 | 82.1 3 61.3 | 45.7 16.2 | 12.2
47F 91.2 | 83.0 | 53.9 | 2L.7 14.7 g 9.2
481 80.8 | 78.2 | 61.0 | 54.9 38.3 | 35.9
506 | 80.9 | 68.7 49.1 | 25.5 15.8 | 9.1
51C 93.7 | 85.3 58.0 | 26.0 2.7 10
618 84,8 | 61.3 11.8 2.2 0.8 0
704 86.8 66.5 Al 25.1 6.8 2.9
70C | 91.5 | 71.0 56.4 | 19.1 55 0
70K } 92.7 vl Al 6.8 Tl 0
70G 90.9 | 57.4 16.5 2.0 o | 0
714 7346 | 55.3 38.0 | 8.8 a7 | o
71C | 7946 60.0 22,1 6.8 3.9 0
71E 84,3 5748 7.4 § 5.6 1.4 0
72C 7340 48.4 34.7 23.3 13.7 9.3
72G 87.7 | 73.3 54.9 | 45.4 29.0 | 22.1
734 L 79.8 | 6744 59.8 | 53.2 44,3 | 33.5
73E | 85.8 § 68.2 61.7 | 49.5 37.3 | 22.0
734 77.9 1 43.0 Aol 8.2 4.9 0
74 | 57.2 . 46.4 2zl Nl 8ol [ oA
74D L 6645 | 62,4 34.2 | 19.7 17.1 | 4.1
75D 69.7 | 5§2.2 36.7 | 28.9 12.3 7.9
75F 76.1 67.8 48.0 35.7 22.6 14.0
764 81.4 | 72,1 59.6 | 46.0 41.0 | 21.7
760 | 7427 43,5 22,1 | 4.3 0.7 0.5
76E | 76.3 .| 67,0 68.3 | 46.3 39.6 1 38.1
80C | 92.9 . 75.6 28.8 | 2.5 o i 0
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APIENDIX 4 Continued.,

Specific Gravity,

1

T;i? <1.3 11.3-1.35 [1.35-1.4|1.4~1.45 1.45-1.511.5~1-58
80E 96.1| 85.7 29.5 4.1 0 0
80D 96.2 86.3 38.8 6.0 2.5 0
80F 95.5 | 88.9 29.2 4.7 0 0
806 93.1| 65.6 12.4 4.1 0 0
80H 97.2 92.3 41.4 6.¢ 3.9 0

) ean 91.8 | 43.9 3.6 1.0 0 0
85A iz 65.1 23.3 2,5 2.8 0
85E 93.2 86.3 63.1 28.4 Bla2 0
864 84.9 | 70.1 27.9 11.2 6.8 4.0
86B 89.6 | £5.9 61.8 27.6 9.3 77
874 52,6 8.7 2.9 | 1.4 0.8 0
87E 93.6 | 81.2 27,47 4.1 2.6 0
88B 92.5 38;1- 1.1 0 0 0
904 96.11 76.3 22,1 1.3 0 0
91A(-41+1004) 91.5 | 70,8 13.9 2.7 1.4 0
91A(~F1+14H) o 67.0 B 2.2 § 0.2 0
914(-144,48H) 83.9 83.1 25.6 2.9.' 4.9
91A(~488,72H) 71041 63.2 | 515 | 19.4 1  10.4 0
914(-724+100%) | s57.2| 57,0 | 31.0 | 25.2 | 72 [ 4B
93C(~3"+1008) | 95,5 80.6 | 31.6 6.4 . 1.3 0
93C(~&"+14¥) 97.5 | 7646 26,7 3ud | 0.3 0
93C(L4H+48H) 92.85 89.8 56.2. 10.6 E 2.1 0
93C(-488:724) 84,7 | 78,5 | 769 | 43.9 ! 7.6 0
93c(-72%+1008) | 86,0 E 81.7 7546 57,0 |  27.1 | 12.6
954 92.5 55.1 10.2 ) ; 0 0
95B 96.4 | 80.4 24.6 2.8 0 0
95¢ 9.9 | 8.9 | 314 | 59| o 0
195D 96.3 |  86.3 35.1 4.1 | 0 0
95E 96.2 | 78,9 19.9 1.4 0 0
395F 90,8 52.7 3.7 0.8 0 0
1968 7847 19,0 0.6 U 0 0
%960 85.0 P Lo T ! 0.1 | 0 i a4
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APPENDIX 4 Continued.

Tést : % il Specific: Gravity Fractions. . |
No. WE <1.3 1.3-1.3571.35-1,4 1.4-1.45 1‘4571'5il'5°1'53§
96D (962 621 | 13 | 0.6 o | o
96E L9770 7443 |. 1243 0.5 0 Bl g
- 96F . 96.6| 60,9 2,4 | 0.4 0 0
998 (-4mr100%) 96,01 83,9 | 25.4 3.7 1.0 | 0
99B (-3"+14¥) 2 98.3 1 851 21.2 1.4 0 0
| 99B (-24%:48#) 92,9 80.4 | 33.5 | 5.6| 3.0 | 0
| 998 (~48ﬂ+72ﬂ)§ 91.7 | 85.3 714 | 14,7 7.0 0
998 (-728:100¥) 92,31 92.6 75.9 5943 23.2 | 13.0 |
%1000 (-3"+100%) 96,4 |  93.5 65.3 | 12.0 o4 0.8 |
1006 (-3m148) 99,1 |  95.9 63.3 7.5 1.3 o
51006 (-14ﬂ+48£)| 92.8 89.4 69.4 20,9 2.1 25
100c (-488+72%) 89.3| 80.2 | 715 44.6 | 3.8 6.8
11000 (-728+100%) 83,3 | 71.2 . 71.6 24.6 ; 24.8 6.5
§101ﬂ (~-5"+1008) oz,.1 84.1 | 38.0 Gl % 2| -
1014 (-3"+14¥) 96,7 | 84.0 | 32,5 2.7 g 1.2 | 0 ]
1014 (-1a¥iag¥) 7.7 | 846 | 571 | w2l 59 | 36
:101A'(~48”+72£)" 85.6 | 83.4 7346 48.7 ? 2.2 7.0’%
11014 (-722:1008) 83.1 | 84.5 781 52.3 i BE | L5 %
1028 (-3"+100#) 94.7-? 93,4 81.5 Sukel G Fe
1028 (~&"+144) ;98.5 i 96.4 84.9 32.2 g 4,0 0 é
102B (-14%+48%) 86.81i 83.2 | 66.8 33,2 | 8.1 | 2,6 |
1028 (-484+724) ' 83,8 76.2 | 67.8 | 56.2 1 16.8 | 6.6
1028 (—72ﬂ+100”)f78.4-% 6545 | 5842 6044 | 19.1 § 4.2 %
i | i
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APPENDIX 5.

SIEVE ANALYSES.

A Sieve analyses relating to Table 3.

i ' Ao i A
el Fractional Yield, % o
No. 5" 4+ 1 mm!~1 mm + 5ol ~5o8 . poll é -723 +100H
214 Product 59.0 30.1 5.4 ; 505
21B Product 61.4 33.8 2.9 é 1.9
| Tailing 74.6 22.3 2 ; 1.0
216G Product | 60,0 33.0 4,1 ! 2.9
Tailing | 78,0 - 18,5 2,2 | 1.3
218 | Product 61.2 29,7 58 L e
; Tailing | 74,4 20.0 ! 3.5 | S
52, 72 and 100 B,S.S. f
B Sieve Analyses relating to Table 14.
;;est | | Cumlative Yield?ml% | T“‘N e
No. | 24 38 JV 48 | 5w | GH | 86 | 10# 148 | 20| 354 484
704 |Product|0.3 4.0 5.150.4 | 85.2/92.996.6| 97.9| 98.9/99.3| 99.8 99.9]
Tail, |0,2 1.8§4.7 32,0 | 74.5187.1193.1|94.9|96.7]/97.7198.9 99.3
70C |Prod. [0,111.1 1.31!34,3 | 74.8{85.4/91.7|94.1:97.0/98,2/99.7 99.8i
Tail., [0.010.210.3 22,9 | 66.2{77.9]86.6|90.4!193.8/95.,7/98.1| 99.0|
7OE Prod. 10,0 0.4 .0'5522'8 6748 78.2 86.3 89.0 9307 9602 99-6 99.8:
Tail, [0.0]0.1:0.1{13.8 | 49,8:64,7{76.0{81.4|87.1190.7/95,6! 97.6
70G {Prod. 10,0:0.1,0,1/13,1143,5[58,2/72.8/80.3/91.5/94,2199.6! 99.8
Tail., 16.0/0,110.1} 5.1 |44,7159.8{74.8/81,6{88.7/92.4]96.8! 98
71A PI’Od. - o !" i 5.8 3106 4’4‘.1 65-1 78.8 9405 9702 99'5 9908
Taill. - 1= 1= | 3.5 127.1]41.7,62.3175.9/92.6/96.5[98.6| 9.
710 PI‘Od. = i ;" E 3:3 25-5 3806 57-869-3 8505 91079604 9707
Tail, |- | - 1 1.9 (22,2137,2]60.1|72.6/88.6194,4197,9! 98, 7!
718 |Prod. |- - 10.6|12.5123.0{44.4|54.4/71.0(79.5,89.0' 92.2
. Tail. = ; 1.1 112.8{27.5|53.8167.5{85.4{92.6!97,31 98.7
74h 1Prod, |- - 4ol 0.5115.7147.4166.3192.1197.1199.6/ 99,91
Tail. | - i L - 0.3111.51{44.,366.8.89,71{97.1199,2: 99,6
74D 1Prod, | ~ |- 1. 16,8 | 7646 89.,0195.3197.2{98.5199.1199.8! 99,9
. Tail, ; = r— i‘“ 14.3 '7300 86.7;9308(95-9x97o7 98«;699:6‘ 9908

2%, 3, 4, 14, 20, 35, 48 mesh Tyler sieves.
", 5, 6, 8, 10, mesh B.S.S.




Test | Cumilative Yield, %
No, | EUR 54 E g | 108 | 14 | o 35% | 60" " 100"
498  Product = 2 - - 1.6 |29.2 | 59.2 82,8 198,1
 Tailing 2 — W - | 3.2 48,2 {73.2 {91.0 [98.7
506 Product | =~ | 76.5]91.9194,5 | - 197.5 (98,0 98,7 |99,¢
Tailing | - | 57.1]87.8 |91.5 | - 196.9 198.3 [99.2 (99,8
51C  Product | 22,3 | 86.3 | 92.2 | 93.4 96.1 | 97,1 198.1 {99.6
Tailing | 8.9 67.9] 84.4 1 86,6 | -~ |94,3|96.8 |98.3 [99.6
524 Product | 22,6 87.6| 93.3 | 94.3 - 95.9 | 96.8 1 97.8 [99.4
Tailing | 9.9 70.1] 87.6 | 90.1 - 195.7197.5|98.7 199.6
61B Product - 140,71 65.0|75.2 | - 194,0!96,0|97.6 199.7
Tailing | - | 33.0| 65,4 76.4 | - 197.4198.9|99.5 |99.9
14, 35 mesh Tyler, 24 mesh sieve aperture = 0,0276"
%, 5, 8, 10, 60, 100 mesh B.S.S.
C. Sieve Ahalyses relating to Table 17.
Test Cumulative Yield, %
No. Sgul opt 38l 4] g H| g qo] 14 484 724 1004
91A Prod.3.9§ .2 h6.8 34.2144,5 149.8156.7| 62,0,69.,0195.8(98,5/ 99,4
Tail.l.2 :2.9 ‘ 603 2907 47.0‘ 55:4 65.8 72;9 81-4- 97-8 99-0 9966
93¢ ,Prod.2.1|3.5 | 7.5120.4134.7 |41.8150.6157.1|65.5193.4]96.6 98.7
Ta1110.8 1.8 26.1 22,8143.4 153,3164.6/72.4{81.0 9795 99.01 99,7
23, 3, 4, 14, 48 mesh Tylér sicves.
5y 64 8y 10, 72, 100 mesh B,S.S,

D. Sieve Analyses relating to Table 26.

| ]

Test - Cumulative Tieldy % ;
5 S i ) !' H i o i =
No. %éf of# 3| 48| gH| gH gHl ol g g 72a, 1co
93C  Prod.|2.1'3.517.5|20.4|34.7|41.8 50.615741] 6545 93.4196.6]98,7
Paildl, 0.851.856.1 22,8]43.4(53.3|64.6(72.4{81,0[{97.5199,0/99,7
99B  Prod.|0.10.211.010,0/25.5/34.1145,2(54,1|64.6(93.2/96.1(99.8
Tail.{0,1{0.110.7114.5|33.2{42,9{55.4|64.4{74.9/97.0{98.5/99.6
100C  Prod. 0.0 {0.10.7]10.5{27.9/36.7|48.0|56.6|67.0|93.9]96.9/99.1
Tail, 0,0 0.1 (0.6[12.7]32.8|22.4|54.5|63.1|72.7/92.1| %65 99,5
101A Prod. 1.4 |3.016.9124.1{38.7(45.8/54.8{61.6|70.4|91.6/95.7/98.8
Tail. 0.1 1.015.0123.2{43.9(53.4|64.6(72.3/80.8|96.,1198.1/99,5
102B Prod, 0.2 Lo© 3.7 23.8 43.2 52.263.1 7006 80.0 95-7 97’5 9900
Tail. Ou9 297 3616 22-8 40.5 4‘8;1 57‘6 6407 7308 94‘05 96.999&3

2%, 3, 4, 14, 48 mesh Tyler sieves.
5% 65 8, 10, 72, 100 mesh B.S.S.
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