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COAL CLEANING WITH SPECI&L REFERENCE TO THE
DEVLIOPM7WT oND GPPLICATION OF THE
CYCLONE W.SHER,

SUMMARY .

The paper con51sts of two parts, the first being an out-
line Jf the theory and practice of coal cleaning. Various conven-
tional processes are described and the fundamental principles upon
which they depend for their operation are explained. The methods
used for assessing the performance of a coal washer are compared
‘and a new graphical represcntation of washery data is suggested.

In the second part»of the paper, a particular South
African fine coal cleaning problem is examined s- Laboratory tests
have indicated that the fine coal produced by a number of collieries
situated in the Witbank district contains a rcasonably high pro-
portion of coking coal and that it may be possible to racover this
by washing at 1. 35 to 1.4 specific gravity.

This separatlon represcnts a formidable washing problem
and it was evident that the conventional processes would bc un-
suiltable. Various ncwly developed fine coal washers described in
the literature were consequently studied and the cyclone washer
was finally selected as being the most promising. -

. As very little technical data were available cn this
typc of washer, it was noccssary tc determine the main opcerating.
characteristics experimentally. During this phase of the inves-
tigation, emphasis was placed on obtaining maximum capacity and
efficiency for separations in the specific gravity range mentioned.

Having established the cperating adjustments bost suited
to the separations in view, cyclone washing tests were carried out
on three typical Witbank duff coal samples in crder to determine
the suitability of the prccess. The washed products cbtained were
subjected to ccking tests in an experimental ccke oven.

" The results of these tests indicate that it shculd be
possible to recover the coking fraction from Withank fine ccal on
a ccmmercial scale by using the cyeclone washer and that metzallur-
gical ccke can be produced from the ccking coal obtained in this

- way.






Therc has been 2 general tendency during latter ycars
for the demand for large ccal to decrease and for smqllpr coal
tL incrcase in popularity. This is largely duc to the de Vvl@p'

wnt of mechanical stcking cquipment and the fact that engincers
began tc realise that the smaller sizes can be burned more
efficiently. ©Since the demand for smaller coal, such =2s nut ané
pea sizes, continucs to exc.ed the quantity avallable as "natural
arisings", it appears rcascnable to suppose that reccurse will
have to be had to crushing of large ccal in due course. In the
initial stages this might take the form of reducing the tcp size
te a limit of, say, 6 tc 8 inches, or of crushing only a pro-~
porticn of the rounds. 1In either event, it follows that the
amount of fines prcduced will inevitably incrcase and the utili-
sation of duff will have tc receive more seriocus consideration.
One avenue worth investigating appears to be to enhance the
value of this duff by cleaning it and thus to render it mcre
attractive to the consumer. '

Now, it is in the naticnal interest tc¢ conserve the
reserves by utilising all typcs and grades of ccal in the most
efficient manner. Since this includes efficient preparation at
the cclliery, the Fuel Research Institute decided to rake a de=-
tailed study c¢f coal cleaning methods, with special rcefercnce to
those applicable to fine coal. In this way, it was hcpced, the
Institute would bhe in a positioh to assist ccllieries tc oporate
existing washers most efficiently and to advise on futurc washing
problems. .

4s a first step in this direction, a careful study was
made of the "available literature and a condensed summary was
prepared in order to stimulate interest in coal cleaning. This
outline of the theory and practice of coal cleaning constitutes
Part 1 of the present paper. 8ince the varicus mathods prcposed
for asscssing the performonce of a washer appeared inadequate
in many respeccts, the author paid particular attenticn to this
‘aspect of the subjoct and worked cut a new graphical representa-
tion of washery data which may assist in clarifying the problem.

The possibility of recovering the ccking fraction known
to be present in somc of the duff coal produced in the Witbank
area on a commercial scale was the first coal washing problem to
be investigated. The proved reserves of coking coal in South
4frica are comparatively small and their rapid depleticn is
causing concern. .ny possibility of augmenting these rescrves
conscquently justifies close consideration, A

The separction involved represents a formidable washing
prcblem and it was clear that the conventional processes would
be unsuitable. Various newly-developed finc ccal washers dog-
cribed in the literavure were,therefore, studied and the cyclone’
washer was finally sclected as holding out most promise, Since
little technical dota were available cm this washer, it was
necessary to determine its main cperating characteristics ex-
perimentally before washinrg tests could be carried out to prove
the sultability of the process. This work is described in detail
in Part 2 of this paper. The salient pcints of Part 1 which
have a bearing cn the prcblem of washing Witbank duff have heen
briefly summarised again in Part 2 in order that this secticn of
the paper may be complete in itself.
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AN OUTLINE OF ThE ThEORY A4ND PRACTICE
OF COuL CLuAﬂING.

(1)(2)(3)
COAL _AND ITS 1aJOR IMPURITIES

The Grigin of Coal.

It 1s generally accepted that coal is of vegetable
origin and that it has been produced almost exclusively from
terrestrial plants, which, it is thought, flourished in de nse
swamps. The debris from these plants accumulated under wate
logged conditions and was transformed into peat, largely by
bacterial action. During this process, the vegetable matter
lost moisture, carbon dioxide was evolved and acidic or humic
substances were formed. The peat bog was ultimately buried
under sedimcntery deposits ete., and the later stages of the
conversion into coal wesre brought about by a numbcecr of factors
(c.g. the pressurc and témperature caused by overlying strata).

Rankvof Coal.

The rank of a coal denotes the extent of the alteration
produced in the pcat deposits by geochemical processes. Since
the geologlcal conditions varied w1dely, so0lid fuels constitute
a progressive series ranging from peat through lignite., sub-
bituminous coal, bituminous coal, semi-anthracite to anthracite.
The position of a coal in this suries determines 1ts rank,
anthracite being of high rank and pecat of low rank. In general,
the’ greatér the pressure to which a coal was subjocted the lower
is the oxygen contaznt and the higher is its rank.

It may be stated that the coals of the Coal Measurces of
South afrlca (mlddle Ecca)are of bituminous rank.

Types of Coal.

In addition to differences in rank, coal seams also
display distinctive horizontal bands of coal, which differ in
physical and chemical properties., These bands are due to the
kind of plant debris from which they have been formed and are
saild, therefore, tc be different types of coal.

- Four types of coal are found in normal bituminous scams,
Stopes termed these vitrainy clarain, fusain and durain respoectively.

Vitrain occUrsS..../2. .
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Vitrain occurs in unlfOfm, brilliant, black bancs
which seldom excced % .inch in thickness and ﬂr usually 2 inch
or less, This Type of coal is thought to have been derived
from the bark and wood of plants, Vitrain is, with clarain,
of cons1dorubly lower speecific grovity then the other fypes

and is the best coking constituent of coal,

Clarain is described as a very finely laminated cool,
with not qulte such a brilliant lustre as vitrain, and bearing
a dlstinct "grain" upon its surface, Strictly specking

this is not = distinctive type of coal as it is con51de’f0 to
consist of alternate fine bands of vitrain and durain, .

Pusein is a porous, charcoal-like substance, having a
greylsh black appearance, This- type of coal has probably been
derived from tho cellular tissues of plants, but 11 ttle con be
sald with certainty as to the menncr in which it was transiormed
to its prescrit condition, It has been suggested for cxenmple,
that forest fircs charred the plants and produccd chorcool :
fragments, but this explanation ds not “onerﬁlly accepted,

The small cclls in fusain are frequently filled with m1nor v L
mattery, thus resulting in a high ash content,

Durain is hard, dull, compact coal and 1s usually found
in comparatively thlcV bends, It ig conposed of very L“PCly
divided plant material and consequently shows 1ittle or no -
lamination, except wherc thin bands of vitrain are inter ‘ingled,
This cozl was probnoly formed during periods when the peat was’
submerged under vauor. Instead of normal peat formation
a "mud" was formed which consisted of the finest plant and
mineral debris and was subsequently fossilised, The high
proportion of mineral matter commonly e ssociuted with durain,
and the great varistions in its constltutlon, would be
explained in this way,.

: For ccnvenience, the above types of coal arc normally
classed as "bright" and "dull" coals and are ”SSOclatGd 0.8
layers constituting a seanm,

Bright Ccal.

Bright coal consists of vitraln and eclaraing but fusain
may also occur in small proportions, When the latter is present,
the coal tends to split along the horizontel fusain layerse
Bright coal is usually well cleaved (l.c. split perpendiculer
to the bedding ploncs) and mineral matter frequently occurs
as thin films along the cleavage planes, Owing to the presence
of relatively coarse plant remains, this type of coal is
characterised by a pronounced banded appearance,

Dull Coal,

Durain is the major constituent of dull coal, which Iis
tougher than bright coal and is also not so highly cieavcd;
Dull coal frequently contains finely divided mineral matter
uniformly disseminated throughout the coal substance and
consequently tends to have a higher ash content than briint
coal. As the percentage of mineral motter inercases, dull coal
passcs through shaly coal to carbonaceous shale,

Inpuritics in Coal/esees3e
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Impurities in Coals

The inorganic constituents of coal appear in theilr
most familiar form as the ash which remains after the fuel
has been burned, However, the ash is not the mineral matter,
it is merely the residue from the ignition in air of the
inorganic compounds, It is customary to distinguish beticen
~the "inherent!" and the, "adventitious!" Impurities as followsim

Inherent Mineral Matter,

All 1iving plants contain a certain amount of mineral
matter which is necessary to thelr existence, These stbstances
consequently appear in coal as "inherent mineral matter,™ '
Howevery the ash yleld from this source rarely cxeceeds onc perw-
cent.

- Adventitious Mineral Matter,

! The term, adventitious mineral matter, includes all
fimpuritics which were introduced during the peat bog stage, or
later, Thesc impurities may be conveniently considercd under
three sub~headings, viz,, primary, secondary and tertiary
adventitious nineral matter.,

Primary adventitious mineral matter consists of
sedinentary matcerial which was elther air or water bornc into
the peat at the time of its formation, This mineral matter
may occur eilther finely dilsseminated throughout the coal or
as horizontal shaly bands or partings, )

Secondary adventitious mineral matter appears as thin
veln~like sheets in the cleats and joints of coal, This™
- nmaterial is congidered to have becn introduced in solution
subsequent to. the formatilon of the coal,

Tertiary adventitious mineral matter includes 2ll
naterial which is liberated during mining aperations and
appears in the mine product, but which does not form part of
the coal‘'secanm as such, :

"Free Ash' and "Fized Ash',

In order to distinguish between mineral matter wiich
can not be rcmoved by mechanical cleaning processes and that
which can be separated, it is convenient to group the above
forms of impurity under "fixed ash'" and "free ash'" respectively,

Generally speaking, the inherent mineral matter of coal
together with finely disseminated primary adventitious mctorial
gives rise to the fixed ash, while.the remaining forns of
adventitious ninersl matter constitute the free ash, in
cases where the shaly bands are. very thin, however, they may
not be sufficiently liberated by ecrushing to a reasonablc slze
and partially remain attached to the coal, thus increcasing =
the fixed ash, It is the objett of coal cleaning (or washing)
to renove thege "frce'" minerals,

Types of INpUritye/eeeede
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Types of Impurity, .

The free minerals nornmally assoclated with coals
may be divided into three main types, vlz.,

(1) Shales, clays and sandstone.
(2) Carbonate minerals,

(3) Sulphide minerals.

Shales are hard and fe]”thOly blackened lumps, _
consisting mainly of Kaolin, Micas, Felspars and some Qu Ltz;
Most of the shaly natter occurs as. dlgtlpct bands and Is’ the
result of sedimentary deposition of mud from rivers, ete, =
Some of the shaly matter may be intimately disperseé throughout
the coal hoﬂovor, and when thls percentage 1ls abnormally high,
the resultant material is termed carbonaceous shale,  The
term, shale, thus includes substances which differ widoly in
conp051tlon and physical properties,

Carbonate minerals usually eppear as thin white,
-or rust coloureds plates in the cleats and joints,  The nost
I common cerbonate minerals found in coal are Calcite (CuCO3),

' Siderite (FeCO ) and the “Ankerites." The latter have a.

wlde range of comp051tlon, being double, triple or quadruple
carbonates of calelun, megnesium, iron and mangancse,

Sulphides usually appear in coal as silvery or golden
pqtchos, bﬂnds or nodules, hut they may also be distributed
in a fine state of lelolon through the coql substance., - The
most common of these minerals is Pyrites (FeS,), which is

normally of a golﬂen colour and is often referred to as
"fools gold;" It is thought that pyrites may have been
formed in coal by the action of hydrogen sulphide on

- infiltrated iron-solutions, the H2S having been produced by
bacterlal action,
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THE PURPOSE AND THE VALUE OF CLEANING COAL,

Although it is self evidént that inpurities in coal
are undeslrable, the value of low ash fuel to the consumer is
not always fully apprcciated, A few typical examples of the
influence of ash content on the sultability of a coal for various
purposcs may, thereforc, be quoted, in order to stress thc
importance or reducing %he“percentage incombustible in the raw
coal as far as 1s possible,

Coking coal having a high ash content is undesirable

as 1t affects the mechanical strength of the coke and also the
cokel!s value for metallurgical smelting processes, The
inpurities tend to inecrease the percentage of breeze formed and
occupy space which would have been occupied by coal and, thus,
~decrease the capacity of the e¢dke ovens, Onc of the main -

advantages of a low ash content in metallurgieal coke is the fact
that the quantity of flux required in the blast furnace charge is
considerably decreased and the effective capacity of the furncoce
is consequently incrcased, It has been claimed (4) (5) that one
percent reduction in ash content of the coke will inercase the
rate of plg ilron production from 3 to 6 percent,

In the case of coal used for steam ralsing,
incombustible in the fuel reduces its gross calorific valuc,
glves rise to difficulties of combustion, causes loss of ‘
conbustible and involves ecxpensc in the éisposal of ash., Boiler
tests using raw coal and ecleaned coal of the sarme size and fron
the sane mine, have indicated that the boller effiecleney l1s
increased fror 0,20 to 0,34 per cent for egch one per cent of
ash reduction(6),  The reduction of the sulphur contont (by -
elininating free pyrites) of a coal which is responsible for the
formatioh of sulphur dioxide In the flue gas, also offers o :
distinct econonical advantage because of the corrosive actiofl of
this gas, which can only be nmininiscd by employing relativcly
high flue and stack tenperatures, -

The presencc of iron pyrites, rock and clay in a cozal
inercases the difficulty of grinding,i% and causes a high rate
of wear in the nills,  Thesc lompuritics should, therefore, be
removed as far as vpossible from coal which is to be used as
pulverised fuel,

\ :

Although pyrites mey not be the primary cause of
spontancous conbustion in the majori?g of coscsg 1t can
undoubtedly be a contributary factor ). The percentage cf ™
pyritcs in coal which is to be storced in bunkers for any lcngth
of time, should,y thercforey be as low as possiblc,

Despite the many difﬁ§¥ﬂ§?av<s of a coal having o high
ash content, many authorities 8)(9) (16 regord unifornmity of
quality and size as probably being the grcatest attribute-of a
good fuel, For example, while a good plg iron can be -
manufactured with a high sulphur ccke, fluctuations in thc ash
and sulphur content will result in voriations in the quality of
plg iron prcduced, Any unit burning coal of varying quality is
nornally adjusted to function with the poorest types of fuel
supplied and rmuch of the additional value of o higher gradce fuel
nay be lost if uniformip¥ is not naintained, _ It will bc clear
that uniformlty of quality can only be ensured by preparing the
coal under carcfully controlled conditions,

In South Africay/ssbs
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In South Africay the high cost of transportation is
probably one of the most inportant factors in favour of
reducing the ash content, The towms and industrics have
largely grown around the netalliferous mining areas &nd the
harboursyend not on the coalficlds, as was the case in
Europe,. This has resulted in the fuel often having Lo be
transported over very long distances to the consuncrs, ™ ~Slnce
the consuner is primerily intcérested in the cost pér B,T,U,.
at his plant, the rclative value of clean coal beccohes =
greater a2¢ the frelghtaze incrcases, Other gqualities being
equal, the coal with the highest heat valuc per unit of
rnoney will naturnally be the onc seleeted,  Thercforec, as
South African coals gencrally have o high ash content, rencvel
of adventitious dirt before transportation is of prine
“dinportance,

It will be clear frow the above outlinc cof the
influence of ash content on the cconomic utilization of coal,
that it is essential in many instances to subject the raw coal
to a cleaning operation in order to rcduce the ash content
to an acceptable valuce and to producc a uniforn product,

The consumer in turn, should be prepared, in view of the
advanteges accruing, to pay a higher pricc for uniforn

clean coaly thus compensating the produccr for the additional
expense incurred, In the long run both consumer and produccr
should bencfit by accepting this pclicy. »

In the carly days of this industry, cgal was nincd
nanually end every cffort was usually made to prcducc the
cleanest produet possible, by working only the best scens
and by excluding the larger visible lenscs or partings fron
the coal sent to the surface, When further preparcstion was
required,y handpicking of:the larger sizes was considercd
adequate, the emphasis being placed on the production of .
saleable large coaly which commanded o higher price than
stall coal,  Howcver, with the devclopment of the coking
Industry and nechanical stoking equipment cte,, thc sncller
sizes of coal acquired greater value, and, sincc it is
uneconcrical to handpick small coal, nechanical c¢lcaning
became necessary, In addition, the advent of nechenical
nining and loading nede underground sorting practically
lmpossible and surface preparation conseguently beconc nore
inportant, :

By resorting to mechanical coal clecaning, the

producer 1s enabled to continue working his property aftcr the
hilgh quality seams have been exhausted and is thus ablc to hold
his narket agoinst more fortunate competitors, Coal cleaning
1sy thereforcy of great lmportance from o national point of -
viewy 2as thils practice enables onc to nine, inferior coal seans
and in this way to utilise the countryl!s rcsources to the :
best advantage.

Having discusscd the purpose and value of cdal clcaning,

the processes avallable and the prineiplces upon which they
depend for thelr operation nay now be considered,
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THE APPARENT SPECIFIC GRAVITIES OF COLL AND ITS IMPURITIES
LND THE DETERMINATION OF WASHABILITY CURVES,

The extent to which lopurity and coal can be separated
mechanically i1s governed by relative differences in physical
characteristics such as apparent specific gravity, surface .
propertiecs, size and shape of particles, electrical propertics,
cte, So far,apparent specific gravity has proved the most
important of tnese characteristics, and it is used in the
majority of commereial cleaning processes to effect the
separation, :

Froth flotation, depending on surfacc wetting propertlcs,
is also extensively practiced for cleaning fine coal and will
be discussed in detall In a later scection, Processes depending
on size, shape, electrical propertics etc,, are noty as a rule,
capable of effecting very sharp separations and do not have a
wlde~spread application, However, for specific conditions thoy
may be of Importance and coal cleaning preccesses of this type”
sultable for treating the finer sizes will be described latcer,.

Specific Gravities of Coal and Impurities;'

: Since coal and nost of the associated impuritices vary
widely in composition, the various major constituents do not
have  definite specific gravities, but occupy a range of o
specific gravitics, For czample, the specific gravity of dull
coal is influenced by the percentage of "fixed!" mineral natter
presenty and so on, By way of 1llustration, typlcal speccific
gravities of some of the constituents of coai are given in '
Table 1.  The wvalues guoted for coal and carbonaccous shale are
based on the author'!'s experience of Witbanl: fine coal, while
those for the rema%n%gv i%purities cilted eppear in weil known
works of referencel(lil)(12 . In addition to the "pure" o
substances such as bright coal, dull coal, etc., there are also

- composite particles consisting of, say, bright and dull coal
dull coal and shalc and so on, ﬁ sample Of coal thus contalns
particles having o wide range of gpecific gravity and the "
quantity present at any given specific gravity depends on the
size of the coal considered and the nature of the seam fron
which it is taken,

In gencral, thc ash content of coal increases with
increasing specifilc gravity.

TABLE 1,

Typical Specific Gravities of Coeol and
1ts Impuritics,

Constituent, : Specific Gravity,

Bright coal 1275 to 1.4
Dull coal ' 1.4 to 1.7
Carbonaceous shale 1.7 to 2,2
Shale 2,0 “to 2,6
Clay ' 2.6
Quartz 2.65
Calcite 267
. Ankeritcs 2.5 to 2.7

Siderite : 3. 85
Marcasite 449
Pyrite 5.0

/000000.08;:
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Float and Sirk Analysis and Washability Curves,

Before one can decide on the steps to be taken
to clean a given coal, it is necessary to determine its
specific gravity characteristics when crushed to the size at
which it is to be washed, This data is obtalned by means
of a "float and sink!" analysis,

4 sample of the coal is immersed in a liquid of
known specific gravity and the quantity which floats is
collected, dried and weighed, The fraction sinking in the =
liguid is also collected and dried and is then immersed again
in a liguid of higher specific gravity than that of the first
test bath. The float fraction (expressed as a percentage of
the whole sample) obtained after the sccond separstion, is
termed the "freoctional vield" between the specific gravitiles
of the two test baths, while the sum of the first and second
float fractions is termed the "ecumulative yield" at the higher
specific gravity i.e. the vercentage which would have floated
if the sample had been immersed directly in the second test
liquid, By carrying out separations in this manner at selccted
specific gravities, sufficient data can be obtained to enable
one to draw curves of fractional yield and cunulative yield
against specific gravity., If the ash content of the various
float and sink fractions is also determined, the '"cumulative
ash'" at any specific grdvity ean bhe calcula%ed;

It is customary to draw curves of "cumulative yleld
versus specific gravity" and "ecumulative ash versus cumulative
yield," these two curves being referred to as the "washability
curves!'" of the coal, For convenience, the author proposcy
naming these curves "the quantity characteristic curve! andfthe
ash characteristic curve" respectively, Washabhility curves
are used in prectice to estimate the specific gravity of o

separation required to produce a washed coal of any desircd ash
content, together with the theoretical yield of this moterial,

41

(As commerciazl procegses are generally less exact than the

laboratory float cnd sink separations, it is necessary to
modify the values read off the washablility curves if it is
desirced to estimate the results likely to be obtained in
practice, A suitable procedure i1s explained in a later
section, )

TABLE 2,

s,

Float and Sink Analysis of a Tvpical Witbank
Duff Coale '

s

Fractional, " Cunmulative,

(Specifiic Gravity | Fractional| Fractional Specific{CumulativefCumulative
' Interval, Yieldy%e | Ashy%. Gravity.,! Yieldy%. | Ash, 7%.
< 1,3 15,6 343 1.3 15.6 3.3
1.3 to 1.35 18,2 549 1.35. 33.8 447
'1:35 to 1,4 25.0 7.8 1.4 | 58,8 6,0
1.4 to 1445 15.8 1.7 ) 145 7446 742
11.45 to 1.5 11,3 15,0 1.5 8549 8.2
1.5 to 1,58 5.7 17,8 1,58 91.6 8.9

> 1,56 i 8.4 - i Whole 100,0 12,6

AS an/ooooco.;g.;‘
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. As an example, results of a float and sink analysis of
a typ}cal Witbank duff coal are given in Table 2, The
fract;opal values were determined by actuel analysis, while the
. %umulatlve figures were derived by caleculation, as explained
elow., -

The cumulative yileld at any specific gravity is merely
the sum of all the fractional yields of specific gravity
intervals below that value,

leee Cumulative vield at'Specific gravity X :;ﬁé:Fractional
| | . . 0 yield,
Thusy cumulative yield at 1.45 specific gravity

= 1546 + 18.2 + 25,0 + 15,8

= 74;6%" |

Cumulstive ash content at any specific gravity is
obtained from the equation:~

X |
“» (Fractional Yield"

Cumulative ash at specific gravity X = .o X_Fractional Ash)

/X ‘ -l -
<, Fractional Yield

X
(Fractilonal Yield -
0 ®x Fractional Ash) .

. Cumuilative Yield et S.G.,X

+3)+(18,2x5,9)+(25.,0
+(15,8 x 11,7)

‘Hence, Cumulative Ash at 1,45 8,G, = : .
74

i

51.5 + 107,3 + 195,0 -+ 184,8
‘ 75D ;

1t

5i8'6 = 2%
iz A

The washebility curves were plotted from the data in”
Table 2 and are shown in Figure 1, From these curves it will
be seen that if a washed coal of, say, 8% ash content is
required, the separation will, theore%ically, have to be
effected at a specific gravity of about 1,49, and that the yleld
of this product will be approximately 84%, Thus, by discardlng
16% of the raw coal, the ash content could be reduced from 12,6%
to 8%, In this example, material having a specific gravity
greater than 1,49 would %e regarded as "refuse,'" although it
contains a proportion of coal,

Organic 1iquids% or solutions of inorganic salts in water,
1

are commonly used for float and sink analysis, The former”
evaporate readily, are not corrosive and have low viscosity. The
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equal ease (22), cach unit being capable of dealing with
5 to 10 tons of feed per hour,

Sy=~Vor Washer (20) (21)

The Sy~Vor washer was recently developed in England
by ReLeR. Slacke for cleaning fine coal. Although upward
currents of water are also employed in this process, the
separation of coal from dirt depends nmainly on the creation
of a fluld mass or "guick sand", This condition also
influences the separation in other types of classifier washers
to a certain extent, '

The working principle of the washer 1s shown in
Figure 6. The apparatus consists essentially of a three
legged syphon, Two open water btanks, a and by are connected -
by a syphon formed by the conical vessel, ¢, and the U tube,cq
Water flows through the spigot valve, d, through the conical
vessel and U tube due to the head hl, A clean coal discharge

pipe 1s fitted into the separating vessel as shown, and forms
the third leg of the syphon, Flow through this tube is
controlled by the head ho,

The coal to be cleaned is fed to the constant head
tank, e, and the granular coal and shale gravitates to the
separat{ng vessel, Filne slimes overflow directly to the
tank, b. Since the rising velocity through the spigot, d,
is sufficient to prevent dlscharge of sollds, and the )
greatly reduced veloclty in the enlarged areca of the cone, c,
is insufficient to carry the granular particlesy these
accumulate at the bottom of the cone and form a high specific
gravity suspension medium sufficient to support the coal,
‘The latter thus eventually builds up to the end of the clean
coal collector and is discharged, '

As the shale accunmulates in the bottom of the cone,
the mean density of the mixture incrcascs in relation to the
density of the overflow mixture in the U tube, The effectlve
head hl is consequently reduced with corresponding reduction
of rising velocity through the spigot, thus automatically
discharging excess shale, 4

A slight pulsating motion has been found to assist the
rapld sorting of coal from shale, This motion is effected
by a diaphragmy k, connected to the upper portion of the
conical vessel,

As far as 1s known at present, only a small pilot
plant has been operated and little technical data are
consequently avallable, It is claimedy however, that material
ranging from %-inch to about 2%6 inech can be successfully
treated, A few preliminary .iaboratory scale experiments
were carried out at the Fuel Researeh Institute and = this
work indicated that the Sy~Vor would only be suitable for
effecting separations at point in the washability =~
curve where the + 0,1 S8,G, Distribution is low, i,e. with
the South African coals tested,at a high specific gravity.

In any event, the simplicity ot the apparatus and 1ts
operation is appealing and 1t may possibly be of great
value for certain applications,

rl
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Jig Washers,

Jig washers depend on pulsating currents of water for
thelr action and are among the earliest proecesses used for
the concentration of minerals and the cleaning of coal,
Since this type of washer requires little supervision, has
low capital and operating costs and is able to wash unsizaed
feed,y 1t 1s extensively used In modern coal cleaning
prao%ice;

The forerunner of the modern jiz consisted simply of

a crude wickerwork basket, which, when about half filled with
coaly was placed in a Waterbath and Wwas given an up and down °
motlon for such a perilod as the operator considered necessary.
This movement in the water caused a rough stratificationy the
lighter material, appearing in the upper layers, was then
scraped off, Iﬂ the next stage of the evolutlon of the’ aig,
a box, having a perforated base, was suspended from a Lever,
which was given an up and down motion manually, Later formsg
of this washer consisted of a curved box, having a vertical
partition, virtually converting the vessel into a U tube,

The material to be cleaned rested on a perforated plate in the
one leg and the water was given a pulsatlng motion by a
mechanically driven plunger situated in the other leg of -
the U tube. The general arrangement is shown in Figure 7.
- Modern jigs are essentlially of the same form, except that the
plunger has been replaced by a sealed chamber, air being
admitted and exhausted alternately to provide the pulsatln“
motion, This method of operation has the advantage that the
Jig cycle ecan be readily altered, Provision was also made
in the later types for conthuous disposal of clean coal and
refuse,

In order to GXplﬁln the operating prineiple of a Jig
it 1s necessary to return to the fundamental equatlons wnlcﬁ
ware derived for the behaviour of a particle in upward and
dovmward currents of water, To facllitate referencey the
relevant equatlons of motion are listed below,

(a) Upward Current

& =3P |y l2 - P )
K = o ‘ LR I EL?;._~i g (15)
(b) Dovmward Current
First phase of motion
| -y .
U gggmg Wy ‘ oS- Ple _ (20)
second phase of motion '
se OF Tomen -
& _ 1s~R1., _ 2P i - l (21)
S ‘ s jg g%§‘ hV Wm, _
(c) Still Water ‘
= o, _
av . }s - P g - iﬁszm'V' (%)
Tt | s J ors ' -
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