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The paper consists of two parts, the first being an out­
line df the theory and practice of coal cleaning. Various conven­
tional processes aro 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 representation of w~shery data is sug~ested. 

In the second part of the paper, a particular South 
African fine coal cleaning problem is examined ~- Laboratory tests 
have indicated that the fine coal produced by a number of collieries 
situated in the Witbank district contains a reasonably high pro­
portion of coking coal and that it may be possible to recover this 
by washing at 1.35 to 1.4 specific gravity. 

This sepbration represents a formidable washing problem 
and it was evident that the conventional processes vvould bo un­
suitable,. Various nc"sly devol oped fine coal washers de; scribed in 
the liter~turo were consequuntly studied and the cyclone washer 
was finally selected as being the most promisin§:. 

As very li ttlo technical data wore availabL: un this 
typo of washer, it was necessary to determine the main operating 
characteristics cxporimontally. Durin£ this phase of tho inves­
ti&ation, emphasis was plac(';d on obtaining maximum capacity and 
efficiency for separations in tho specific f'Tavity range meEtioned. 

Having established the operating adjustments b~st suited 
to the separations in view~ cyclone washing tests were carried out 
on three typical Witbank duff coal samples-in order to determine 
the ~uitibility of the'procGss~ The washed products obtained wore 
subjected to coking tests in an experimont::~l coke oven. 

The results of these tests indicate that it should be 
possible to recover the ccking froctton from 1Yitbank fine ccal on 
a comm.ercial scale by using the cyclone washer and that metallur­
gical coke can be produced from the coking co.al obtained in this 
way. 





There has boon o general tendency during latter years 
fer tho demand for largo coal to docrense and for smaller coa1 
tc incroase in pupularity. This is largely duo to the davoiop­
mont of nuchnnical stoking oquipmont and tho foct that engin0ers 
began tc realise that the smaller sizes c2n be burned more 
efficiently. Since the decand for s~aller coal, such ~s nut anf 
pea sizes, continuos to exc,.ed the quantity available as "natural 
arisin[{s 11 , it app.a::us reasonable to suppose that rocc)urse vdll 
have to be had to crushing of large coal in due course. In the 
initial stages this ~ight take the fern of reducing the top size 
tc, a limit of, s:::~y, 6 to 8 inches~ or of crushin[ only a pro­
portion of the rounds. In either event, it follows that the 
ao,~unt of fines prcduced will inevitably increase and the utili­
sation of duff will ho.ve tc receive r:10ro serious consideration. 
One avenue worth investigating appears to be to enhance the 
value of this duff by cleaning it and thus to render it more 
attractive to tho consumer. 

Now, it is in the national iriterost tc consGrvo tho 
reserves by utilising aJ.l typos and grades of coal in th6 most 
efficient manner. Since this includes efficient preparation at 
the colliery, tho Fuel Research Institute decided to mako a de­
tailed study of coal cleaning methods, ~ith special roforance to 
those applicable to fine ~oal. In this way, it was hoped, the 
Institute vvould be in a posi tioh to assist collieries tc op.Jra te 
existing, washers most efficiently and to advise on futuro 'Nsshin~ 
problems. 

i~s a first step in this diroction, a careful study was 
nado of the ·availAble literature and a conc~ensed summary was 
prepared in order to stimulate interest in cbal cleaning. This 
outline of the theory and practice of coal cleaning constitutes 
Part 1 of the present paper. Since the various methods proposed 
for assessing the porform2nce of a washer·appeared inadequate 
in many respects, the author paid particular attention to this 
·aspect of the subj2ct and worked cut a new graphical representa~ 
tion of washGry data which may assist in clarifying the problem. 

The possibility of recovering the coking fraction known 
to be present in some of the duff coal produced in the Vfi tbank 
area on a commercial scale was the first coal washing proble.r.1 to 
be investigated.. The proved resC:Jrves of coking coal in .South · 
Africa are compsr.ntively small a.ncl their rapid depleticn is 
causin;::' concern. ;~ny possibility of augmenting these ros2rves 
consequently justifies close consideration. 

The separ~tion involved represents a formidable washing 
problem and it was clear that the conventional processes would 
be unsuitable. Various nGwly-developed fine coal washers des­
cribed in the litora~ure were,1berefore, studied and the cyclone· 
wo.sher was finally selected as holding out most promise. Since 
little t'2chnico.l dnta were available en this washer, it vvas 
necessary to determine its main operating characteristics ex­
p..::rir.J.entally bGfore washh'g tests coulc~ be carried out t_o prove 
the suitability of the process. This work is described in detail 
in Part 2 of this paper. The salient points of Part 1 which 
have a bearing on tho problem of washing 1Jili tbank duff hsve ~oen 
briefly sm~oarised again in Part 2 in order that this section of 
the paper may be cor::plete in itself. 
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AN OUTLINE OF ThE ThEORY AND PRAC1:ICE 
-----------·~~.-- ...... ~---------------

OF COAL CLE~NING. 
-----~-----

(1)(2)(3) 
COAL AND ITS J't.lhJOR IMPURITIES. 
--·~-·---------------------

.Ih~_Qrigin of ~-Q.Q~d· 

It is generally accepted that coal is of vegetable 
or1g1.n and that it has been produced almost exclusively from 
terrestrial plants, which, it is thought, flourished in dense 
swamps. The debris from these plants accumulated under water 
logged conditions and was transfo·rmed into peat, largely by 
bacterial action. During this process, the vegetable matter 
lost moisture, cerbon dioxide was evolved and acidic or humic 
substances were formed. The peat bog w~s ultimatsly buried 
under sedim',:ntery deposits etc., and the later stages of tho 
conversion into coal vvore brought about by a number of factors 
(e.g. the pressure:: .smd temporature c2used by overlying strata) • 

.B§..n!.L.9L9 oa 1. 

The rank of a coal denotes the e:x;tont of the nlterntion 
produced in tho peat deposits by geochemical processes~ Since 
the geological concH tions varied widely, solid· fuels constitute 
a progressive seri(~S ranging from p<:?at 7 through lignite~ sr.b­
bituminous coal, bituminous coal, semi-anthracite to anthraci·te. 
The position of a coal in this s~ries determines its rank, 
anthracite being of high rank and p:c;at of low rank. In gen::::ral, 
tho· great8r the pressure to vvhich a coal was subj._,ctcd the lower 
is the oxygen content and the higher is its raP.k. 

It may be stated that the conls of the Coal Measures of 
South Africa (middle Ecca)are of bituminous rank. 

In addition to differences in rank;, coal seams elso 
display distinctive horizontal bands of coal, which differ in 
physical and chemicc:1l propC:Jrties. TlJ.ese bands are due to the 
kind of plant debris from which they have beon formed and are 
said, therefore, to be different typos of ,coal. 

Four types of co::tl are found in normal bituminous se':lms. 
Stopos tsrmed these vi trr~in, clare in, fusain and dura in respccti voly, 

Vitrain occurs •••• /2. 



Vitrt:..in occurs in uniform, brilliant, black b2nds 
vJhich seldom e::coed ~-.inch in thickness and nre usually ~- inch 
or less. This type of coal is thought to have been der:Lved 
from the bark cmd iivood of plants. Vitrain is, uith clD.ro..in, 
of considerably lm7er specific grt:..vi ty thc.::n the other ty·_l)CS 
and is the best coking constituent of coal. 

Clarain is described as a very finely laminated co21, 
with not qui to such o. brilliant lustre o.s vi train, and boo..l"J_ng 
a distinct 11 gro.in" upon its surface. Stl"ictly specl:inc;, 
this is not r::, distinctive type of coo.l as it is conside:!.'ucl to 
consist of e.ltornato fino bands of vitrain and durain. 

Fusnin is a porous, charcoal-lj~e substance, ho..ving a 
greyish blc,ck 8.ppe2.rc,nco. ThiS- type of coal has probccbly been 
derived from the cellular tissues of plants, but little cc.n be 
said -~d th certainty c:;.s to the manner in YJhich it was trcmsfo:r·med 
to its present condition. It hns boon suggested for exccnple, 
that forest fires charred the plants 2.nd produced cho..rcoccl -
fragmcmts, but this explanation ·is not g enorally acceptcd~-
Tho small cells in fusain are frequently filled with minerc,l 
matter, thus resulting in a high ash content. 

Durain is hard 7 dull 9 compact coal and is usually .found 
in comparatively thicl:: bc:nds. It is conposcd of very finely 
divided plant materj_al and consequently shows little or ·no -
lamination, except c:Jhere thin bands of vitrain are interTllingled~ 
This co2.l ·wo.s probo.bl:t formed during periods when the peo.t uas' 
subl!lerged under ·water. Instead of norr1o..l peat formntion~ 
a "nud 11 v1as formed vrhich consisted of the finest plant o.na 
mineral debris and was subsequently fossilised. The high · 
proportion of minel1 al matter conm1only associated vii th dura in, 
and the groat vo.rio.tions in its constitution, would be 
explained in this ".Jay. 

· For convenience., the above tYPeS of conl are norr.1o.lly 
classed as "bright" and "dUll" coals r.nd are o.ssoc in ted c-.s 
layers constituting a seam. 

B.rj..gjl.t_ Cca~. 

Bright coal consists of vitrain cmd clarain1 but :fusain 
may also occur in snall proportions. When the latter is present, 
the coal tends to split along the horizontc:.l fus<:dn laye:rs. 
Bright conl is usuo.ll¥ well clen~ed (i.e. split perpendicular 
to the bedding plnnes; and mineral matter frequently occurs 
as thin films along tho cleavage planes. O'l;ling to tho presence 
of relatively coarse pl2nt remains, this type of coal is 
characterised 1Jy 2. pronounced banded appoarc.nce~ 

Dull Coal~ - -- -· --
Durain is tho major constituent of dull conli which is 

tou_gher than bright coal e..nd is o..lso not so highly c oavod~ 
Dull coal frequently con to.. ins finely di vi dod mineral m2.tter 
uniformly disseminO:ted throughout the co.9.l substance and 
consequently tends to have a higher ash content than bric;lrc 
coal. As the porcentnge of mineral mo.tter increases, dull coal 
passes through shaly coal to carbonaceous shale~ 
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Im.n.ur:!j;:h§.s.. J.n. _Qoal~ 
The inorganic constituents of coal appear in their 

most farniliar form as the 2.sh which ·l~onains nftor the fuel 
has boon burnGd. However, the:; ash is not thG mineral natter, 
it is r.1erely tho residue fror:J. the ignition in air of the · 
inorganic compounds. It is customary to distinguish bct-,,·con 

.the "inherent" nnd the. 11 adventitious" inpurities ns follous:~ 

Inherent !v1iJ:!.~:£.1_Mn t ter. 

All living plants contain a certain ttnount of mi11e:cal 
matter v:hich is necossary to ·their existence. These st1bstances 
consequently upp8c.r in coal o..s 11 inhEn"ent minernl natter~·n 
However, the ash yield from this source rarely exceeds one per­
cent. 

·· MY.Pntit1Qus 1\~if!-..£!~~~. 

The torn, adventitious mineral matter, includes a11 
impuri tios which ii!orc introduced during the peat bog stn.go·, or 
later. These inpuri tics may be conveniently considercc1. under 
three sub-headings, viz., primary, secondary and ter•tiary 
adventitious mineral matter. 

Primnry adventitious mineral matter consists of 
sedinentary nat or inl which was ei thor· air or water borne i!l.to 
the peat at the tine of its formation. This Elinoral matter 
nay occm .. " ei thor finely disseninatod throughout the coal or 
as horizontal shaly bands or partings. 

Secondary adventitious mineral matter appears as thin 
vein-l:Uco sheets in the cleats and joints of coal. Thi~f 
material is considered to have been introduced in solution 
subsequent to the formc<.tion of tho coal~ 

Tertiary adventitious mineral natter includes c<"ll 
r1aterial -rll'hich is liberated during mining nperations and 
appears in the mine product, but which does not form part of 
the coal'seam as such. · 

In order to. distinguish bet~;!oen minel ... al matter Yvhich 
can not be romovccl by mechanical cleaning processes and that 
vvhich cnn be separated, it is convenient to group the c,bovo -
forns of i1:1puri ty under 11fixed ash" and "free ash" respc)ctively. 

- Generally speaking, the inherent Bineral matt9r of coal 
together with finely disseminated prinary adventitious mc::corial 
gives rise to the fixed ash, while . the rer:mining forns of 
adventitious ninerc.l matter consti tuto tho free ash. In 
cases ·whore the shc:1ly bands are very thin, hovrover, they ElaY 
not be sufficiently liberated by crushing to n rco..sonablo size 
and partially- re:r12.in attached to the coal, thus incroasinr; - · 
the fixed ash. It is the object of coal cleaning (or wo..shing) 
to renovo the?e "froe" 1~1inerals~ 



~U!Ill?uri t_,y~ 

The free ninel'nls nornally associated with coals 
may be divided into three main typos, viz., 

(1) Shales, clays and sandstone • 
• 

(2) Carbonate minerals. 

(3) Sulphide ninerals. 

Shales are hard and relatively blackened lumps, ' 
consisting nainly of Kaolin, Micas, Felspars and some Qual"tz~ 
Most o.f tho shaly natter occurs as.distinct banqs and is·tho 
result of sodiraontary deposition of mud fr6n rivorst etc~ .... -
Some of the shaly natter nay be intiDately dispersed throughout 
tho .coal1 however, and Y·!hen this percentage is abnoi"na:J_ly high, 
the resultant no.terial is termed carbono.ceous shale~ Tho · 
ternt shnle, thus includes substances vvhich differ lifidely in 
composition and physical properties. 

Carbonate minerals, usually appee.r as thin vvhi te, 
-or rust coloure~., plates in the cleats and joints~. The nost 

co'rmon CC'.I'bOnt::~.te minerals .found in .coal D.ro Calci to ( eaC03)' 
Siderite (Feco3) nnc1 the 11Ankerites~" The latter hnvo a 
wide range of conposition,·boing double, triple or quadruple 
carbonates of calciL~1, nagnosiun1, iron and manganese• 

Sulphides usually appear in coal as silver.y or golden 
patches, bc:mds, or nodules, l?ut they may also be distributed 
in a fine state of division through the coal substance. Tho 
post common of those ninerals is Pyrites (FeS2), which is 
nornally of·a golden colour and is often referred to as 
"fools gold~" It is thought that pyrites may have boon 
formed in conl by the action of hydrogen sulphide on 
infiltrated j_ron · solutions, tho H2s having been produced by 
bacterial action~ 

! • ........ 5~ 



THE PURPOSE AND THE VALUE OF CLE/J'l'ING COAL. 
------~----~~----- --

Although it is self evid~nt that inpurities in coo.l 
are undesirable, th8 value of low ash fuel to the consuner is 
not always fully o..pprocinted. A fcm typical eXOJJ.ples of tho 
influence of ash content on tho sui to..bili ty of e. coal for VO..l1 ious 
purposes nay therefore be quoted, in order to stress tho ·· 
inportnnce of reducing the·percontage inconbustible in the ro.VI 
coal as far as is possible~ 

Coking coc"cl having a high ash content is undesirc.ble 
as it affects tho nochanicnl streng.th of tho coko·and o..lso the 
coke's vo.lue for notnllurgical snelting processes~ Tho 
inpurities tend to increase the percentage of breeze forned o..nd 
occupy spac8 which v;oulcl hnvo been occupied by conl and, thus, 
decrease the capnci ty of· the coke ovens~ One of the nain · 
advantnges of a low nsh content in r.1otallurgical col~e is tho fact 
that the quantity of flux required in the blast furnnco chn:.:•gc is 
considerably decreased and the effective capacity of the furnv.ce 
is consequently in.creased. It has been claimed ( 4) ( 5) tho.t one 
percent reduction in ash content of tho coke will increo..se tho 
rate of pig iron production from 3 to 6 percent. 

In the case of coal used for stean raising, 
incombustible in the fuel reduces its gross co..lorific value, 
gives rise to difficulties of conbustion causes loss of 
conbustible and involves expense in tho !isposo..l of ash. Boiler 
tests using raY! coc:>:.l anc~ cleaned coal of tho· so..ne size o..ncl- from 
the sane nine, have indicated that the boiler efficiency is 
increased fro~ 0.20 to 0.34 per cent for eqch one per cent of 
ash reduction(6). The reduction of the sulphur contont (by 
elininating free pyrites) of a coal which is responsible for tho 
fornatioh of sulphur dioxide in the flue gas, also offers n 
distinct econonicnl :.~.dvantage becC'..use of tho corrosive c.ctio:h of 
this gas, r:.rhich can only be ninit:1iscd by enploying relntivcly 
high flue ffil.d stack to:~1peraturos. 

The presence of iron pyrites, rock and clay in ::;, conl 
incree.sos thrJ difficttl ty of grinding, it c.nd cnuse s c. hit;h t·o..to 
of wear in tho nills. Those inpuritios should, therefore, be 
ret!lovcd ns far as possible :fron coal vvhich is to be used 2.s 
pulverised fuel~ 

' Although pyrites 1:1o.y not bo the princ.ry cnuse of 
spontaneous conbustion in tho no..jorit:y of cc.sos, it can 
undoub~edly bo a contributn.ry factor('(). The porcento..ge cf ·· · 
pyri t·os in coe.l 11hich is to be storod in bunkers for any longth 
of ti:ne, should, therefore, be as low ns possible~ 

Despite the :r:1any di;;§QYp,tttntjQS of a coal having c. nigh 
ash content, nany authorities~ H7Hl J rego..rd unifornity of 
quality and size as probably being the groatost attribute-of a 
good fuel~ For e:xar:.1plo, while a good pig iron C<J.n be 
nanufacturod VJ'ith a high sulphur coke, fluctuo..tions in tho ash 
c.:.nd sulphur content vvill result in vc.:riations in tho quc..lity- of 
pig iron produced~ Any unit burning conl of varying quality is 
nornally adjusted to function ·with the poorest typos of fuel 
supplied and r:uch of the c.dditionnl vo.lue of 2, higher gre.do fuel 
nny be lost if unifornity is not nnintainod~ It will bo cloar 
that uniformity of quality can only be ensured by prepnrins tho 
coD.l 1111.der carefully conb .... olled conc1i tions~ 

In South Africn,/.~6~ 
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In South J~frica tho high cost of transportation is 
probably one of tho nos~· inportc::mt factors in favour of 
reducing tho o..sh content~ The towns and industrios h<:J!e 
largely grown around tho netalliferous runing aroo..s t'.hd tho 
hn.rbours, c:.nd not on tho con.lfiolc1s 7 as vms the case in 
Europe. This has rosultod in tho fuel often having to be 
transported over very long distances to tho consunol.;.S~ · ·Since 
tho consuner is prirw.rily interested in tho cost por 3.T~U~ 
at his plant, tho rolative vnluo of· cleo..n coal bocotJos · 
greater ::;,s the freighte'ogo incronses~ Other qualities being 
equal, tho coal -rrith tho highest heat VC'oluo per unit of 
noney will natur:...o.lly be tho one selectod~ Therofol."o, .:lS 
South African coals cenoro.lly have n high nsh content, renovr.l 
of adventitious dirt before transportation is of prine 
inportance~ 

It 17ill be clear fron the C'.bovo outline c·f ·tho 
influence of ash content on tho ccononic utilization of conl, 
that it is essential in nany instances to subject tho· raw coal 
to a cleaning operation in order to roduco the ash contont 
to an e..cccpt,'1blo vo.luo nnd to produce a u.niforn product~ 
Tho consur.1er in turn~ should be prepared 9 in view of the 
advantngos accruing, to pn?' a higher price for unifol:D1 . 
clenn conl, thus· conponso.t~ng tho producer for tho o..c1d1 t1onal 
8Xpcnso incu:crod. In tho long run poth consu.ner Qnc1 producer 
should benefit by accepting this policy~ 

In the early days of this industry, cqal wi:.s nined 
nanually 2.nd every effort was usuo.lly Dado to produce tho 
cleanest product possible, by working only tho best sto.ns 
and by excluding tho larger visible lenses or po..rtings fron 
tho coal sent to tho surface~ When further pi·cpal"c-~tion ·was 
required, handpich:ing of: tho lnrgcr sizes \7as consic\·o:rod 
adequ2te, the onphasis being plr.ced on the production of. 
saleable large coal, v:hich conn.:mded r.. high8r price· them 
snall coal~ However, with tho devolopncnt of the· coking 
industry anc1 nechanical stoking oquipnont etc., the s:1o.ller 
sizes of coal acquired granter value, nnd, since it ts 
uneconomical to h.:1.ndpick small coal, necho,nical clo·aning 
became necessary~ In addition, the advent of mecf1L'.nical 
nining and loe..dinc; no.de u...ndergl"ounc1 sorting practicC'.lly 
inpossible and surfc..ce preparation consequently bocr..1.'Jo norc 
inportant~ 

By resorting to nechnnical coal cleaning, the 
producer is enablod to continue working his property after tho 
high quality seo..n·s have boon exhausted c:.:nd is· thus o)Jlo to hold 
his narkot ngcdnst noro fortnnc:.te conpotitors. Coal clenning 
is, therefol"'o, of groo.t L.1porto.nce fron n nc.tional point of 
view1 as this ·practice enc:.bles one to nino. inferior coal see .. ns 
and ~n this wa~r to utilise the conntryfs resources to the 
best 2.dvantage~ 

Having discussed tho pt~poso and V2lue of c62l clocning, 
the processes avo..ilablo and tho principles upon Which they 
depend for their operation r~c.y now· be considered~ 
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THE P~PARENT SPECIFIC GRAVITIES OF COL.L JJ.'JD ITS IMPURITIES ·-----·--- -
AND THE DETEHMINATION OF WASHABILITY CURVES. 

Tho extent to which ii1puri ty and coal can be separated 
~echanically is governed by relative differences in physical 
charo.cteristics such !lS apparent· specific gravity, surface · 
properties, size and shape of particles, electrical properties, 
etc. So f!lr1 apparent specific gravity h~s proved the most 
important of those charo.cterj_s tics 7 nnd it is us.ed in the 
najori ty of cor~mwr:;;ic.l cleo.ning p~t"'Ocesses to effect the 
separation. 

Froth flotc.tion, depending on surface; ·wetting proportios, 
is also extonsi vely pre,cticed for cleaning fine coal and will 
be discussed in detail in a later section~ Processes depending 
on size, shape, electrical properties etc., are not, as ~ rulc 7 
capable of effecting very sharp separations and do not have a 
wide-spread application. HovJoveJ."' for specific conditions tb.oy 
may be of import2nco and coal cleaning processes of this typo· 
suitable for trenting the finer sizes will be described later~ 

Specific Grayt tJ.es _.!l._f CoalE~ Inpuri.ti_92~ 

Since coal c.nd nost of the o.ssocic.ted impurities vary 
Vlidely in composition, tho various naj or consti tuonts do not 
have definite specific gre.vities, but occupy a ro..nt;o of 
specific gravi tics. For exaEple, tho specific gro.vi ty of du.11 
coe..l is influonccd·by tho pcrcent0..ge of "fixed" mineral nattcr 
present, and so on. By W2.y of illustration typical specific 
gravities of sonc of the .constituents of coai are given in · 
Table 1~ Tho values quoted for coal and crrrbono.coous shale nrc 
based on the author t s experience of Wi tban}: fine coal whi1e 
those for the 1~ono..;i.n:h.1~ it,Qpurit1.es cited appear in 'Nefl knovm 
works of reforoncelllJ\l2J. In addition to the "pure 11 · 

substances such as bright coal, dull coal, etc., there are also 
composite particles consisting of} say, bl"ight nnd dull coali ·· 
dull coal and shale and so on• 1. sam.ple of conl thus conta~ns 
particles having c.. 'IJido rnngo of specific gravity and the · 
quantity present at any given specific gravity depends on the 
size of the cor.l co:nsidcrod end tho nature of the searn. fron 
which it is tclwn. 

In genornl 1 tho ash content of coal increases with 
increasing spocif1c gravity. 

,gonsti_~ue.E_~~ 

Bright coal 
Dull coal 
Carbonaceous 
Shale 
Clay 
Quartz 
Calcite 
Ankeritos 
Siderite 
1\.larce.si to 
Pyrite 

TABLE 1. 

shale 

§i~,?Cifi<?_ G]'~Vi ~ 

1~275 to 1~4 
1;4 to 1~7 
1~7 to 2~2 
2~0 ·to 2~6 

2.6 
2;65 
2•7 . 

2.5 to 2~7 
3;85 
4;9 
5.0 

/a•o••••o8~ 



8. 

;flo~ and J3JrJr Anc¥ys:ts and W;f1Sh~1Jjli ty Cui·ves. 

Before one can decide on the steps to be taken 
to clean a given coal? it is necessary to determine its 
specific gi'a'v"ity characteristics vthen crushed to the sizo at 
Ylhich it is to be ·washed. This data is obtained by means 
of a "float and sink" analysis~ 

A sample of the coal is im.mel~sed in a liq_uid of 
known specific gravity and the quantity uhich floats is 
collected, dried and weighed. The fraction siclring in the 
liquid is also collected and dried and is then im.mersed again 
in a liquid of higher specific gravity than that of the first 
test bath~ Tho float fraction (expressed as a percentage of 
the whole sarnple) obtained aftm~ the socond separation, is 
ternlGd tho "fre.ctional yield" bet";!oen the specific gro.vi ties 
of tho tvvo test baths, while tho sum of the first and second 
float fractions is termed the rrcumulati ve yield 11 at tho higher 
specific gravity i.e. tho percentage which would have floated 
if the· sample had been imnl.e!:>sod directly in the second test 
liquid. By carrying out sope.l~ations :in this manner at seloc-'cod 
specific gravities, sufficient data can be obtained to enable 
one to dro.w curves of frtwtional yield and cumulative yield 
against specific gravity. If the ash content of the various 
float and sink f}:>,:\ctions is also determined, the rrcmaul2.ti ve 
ash" at any specific gravity fan be calculated. 

It is customary to draw cui'ves of "cumulative yield 
versus specific c;ravity 11 and "cumule..tivo ash versus cumuJ.2.tive 
yield, 11 those two. curves being J•eferred to as the rr-rmshabili ty 
curves 11 of the coal. For convenj_enc e, the author proposers 
naming these curvc;s "the quo.nti ty charactm~istic curve" and Mthe 
ash characteristic curve" rospcctiyely. Washability curves 
are used in prt:'.ctice to estimate the· specific gravity of 
separation requj_red to produce a \'lashed coal of any desired a~h 
content, together Yfi th the theoretical yield of this mo..torial~ 

(As commercie.l pl .. ocesses are generally less exact than tho 
laboratory floc.t c~nd sink separations 1 it is necessary to 
modify the values read off the VJ'ashab:t.li ty curves if it is 
desired to estimate the results likely to be obtained in 
practice. A suito.ble procedure is explained in a lato:r 
section~ ) 

T ... 4.BLE 2. 

---· -- -.-~--~ . -· --·, 
Fractional. ! Cumulative. l 

1~p~:i,fic ~ravi ty j F~action~;~·;r;~-~~;~~~;-~cj~ic l Cur11Ulative! C~~la;i;e-j 
__ Interval. ~:~-d'-~~--1-~:'h~_%~ Gr:.::._~Y·j-=-:._o_l~-':~ 1 Ash,_!~~----
: . < 1.3- ! 15~6 I ~-3 1~3 l 15~6 I 3;3 
1;3 to 1~35 18~2 I 5~9 1 1;35. 1· 33;8 4;7 
1~35 to 1.4 25;0 7;8 ·1 1~4 58;8 6~0 
1;4 to 1.45 15;8 . r 11;7 I' 1;45 i 74!6 7;2 

1 if~5t~?l:;-§ 1~~~ I i~:g I it~a ~~f~ g~~ 
_) 1~58 8~4 I !Whole 100~0. 12~6 

·---~~-~···-...... ~ ..... ____ ..... -...-~.--...... .-! .. _ - .. -. ........... '-"--·-..,L--....,___ ____ ..._ ......... ~. ··------· 

As an/ •••••••• 9~ 



9. 
\ 

As an example~ results of a float and sink analysis of 
a typical Witbaru: duff coal are given in Table 2~ The 
fract~m;a:L v;;lues •::ere dete:mined. by actual. analysis, wh~le the 
cu..mulat1ve f1gurc;s vvere der1vod by calculatlon, as explalnod 
belovr. 

The cumulative yield at any specific gravity is merely 
the sum of all the fractional yields of specific gravity 
intervals- below that value~ 

• . /X 
1.e. Cumulative yield at specific gravity X =J Fractional 

...... o yield~ 

Thus; cumulative yield at 1.45 specific gravity 
. . '" .. 

Cumulative ash content at any specj_fic gravity is 
obtained frori! the equation:-

Cumulative ash at specific grayity X 

... x ·> (Fractional Yield 
= _:o __ 2_ __ Frac tio~..:-~--~!:.2._~ 

X ·< < Fractional Yield 
. 0 

._..-x 
- " (Frnctional Yield · 
- <.o ) 

~---,~ Fr ac t.i?R:§-1 A~l_~.-:.. 
-Cumulettive Yield a~ S.G.;:X: 

(15~6x3~3)+(18~2x5~9)+(25~0 

Hence, Cumulative Ash at 1~45 S.G. = x_7_!8)+C12~$ x ll~Jj _____ _ 
74~6 

• 
-- 7 •"20/.' • _,a 

The wash2.bility curves vvere plotted from the data in·· 
Table 2 and are sho•;m il) Figure 1. From these curves it vrill 
be seen the: t if a uashod coal of, say, 8% e.sh content is 
required, tho separ2.tion vJ'ill, theor8tically, have to be 
effected at a specific gravity of about 1~49, and that the yield 
of _this product will be approximately 84%. Thus, by disc2,rc~ino-
16% of the ravJ coal 9 the· ash content could be reduced from 12~ 6% 
to 8%. In this example, material having a specific gravity · 
greater than 1.49 vvould be regarded as "refuse," although it 
contains a proportion of coal~ 

· Organic liquids or solutions of inorganic salts in ·wo.ter, 
are commonly used for float and siruc analysis. The former· 
evaporate readily, are not corrosive and have lm"l viscosity~ The 

vapours are/.o••••lO~ 
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25. 

The raw conl is separated by the upward currents of 
water into clean coal and The clean coal over-
flows at a lip cut in the r.im of the cone, while the refuse 
sinks through the vJa.ter into a refuse chamber and is discho.rged 
by operating the sliding valves, H, by means of the levers, 
The sequence of refuse valve operation is as follows:- the 
upper valve is open v;hile the lovTer valve is closed and refuse 
collects in the chamber periodionlly the upper valve is · · · 
closed and the lmver valve opened in order to discharge 

Water overflowing vii th the washed coal is renoved · 
on a drainage screen and is returned to the supply tank via·a 
water elarifior, in order to remove fine coal particles vrt1ich 
ara in suspension. . . . 

· Although the Robinson VJ'asher may be used for unsized 
coal ranging fron about inches top size1 the results a:ee· 
more satisfactory 1.f the· coal is screened sui table size 
fractions before washing. From this it appears that the 
necessity for screening or not, in nny particular case, would 
depend on the difficulty of the vJashing This rvasher 
has the advantages of' low capital and op.erating cost., It is 
compact and., easy to However, these advantages ai"El 
sonewhat counterbalanced whan it is necessary to wash the coal 
in a number of size ·fractions. 

In 1934 Menzies brought out a separator which is 
generally similar to the Robinson except that water is 
introduced at several horizons in the cone by rings of noz.zles, 
as well as at the bottom through a classifier column. 

_!ha (18) (19) 

In Enr,land 9 M.J. Draper, about 1917, invented the 
washing tube benring his name. The latest forr.l of this 
rvasher is shown diagrammatically in Figure 5. 

Raw coal is fed from a chutet E, into a·-reeding funnel, 
F1 fro!i1 which it falls into the we.shlng tubet H. An · 

· adjustable cone shaped sleeve, J, is attnched to the neol;: ·of 
the feeding tunnel, end controls the annular areat L, at the 
mouth of the discharge tube, K. This area is adJusted so 
that the velocity of the ascending current of water is 
increased nt the discharge point, thus rapidly discharging the 
clean 

Water is admitted to the washer at a horizontal and -
tangential feed pipe, The upward current of Water in the 
washing tubei H, consequently has spiro..l This cnuses 
flat, plate- particles_, suc.h as. calcite, to turn over nnd 
fall more rapJ..dly than woU:.Ld othorvnse be the 

The wo.ter below the washing tube remains relatively 
still nnd the refuse particles fall rapidly to the botton·or· 
the v"asher vrhere they· are discharged by a revolving star valve 
into a screvr The latter collects the refuse from a 
battery of tt1bes and delivers it into a refuse hopper. 

This v.rasho·r has tho serious disadvantages of requiring 
close sizing of feed, large·water circulation per ton treat·ea, 
nrid small capacity per unit. It is claimed.that Draper tubes 
can wash coal ranging in size. froin 3 inches to rffo. inch 

equal/. u •• 26 

/ 



equal ease (22), each unit being capable of dealing uith 
5·to 10 tons of feed per_hour, 

f!¥.-Vo,r WasjlE?_~ (20) (21) 

The Sy-Vor v1asher VIas recently developed in England 
by R,J..J,R. Slt0.cke for cleaning fine coal. Although uprvard 
currents of TiTater are also employed in this process, the 
separation of coal fron dirt depends nainly on the creation 
of a fluid mo.ss or "quick sand". This condition also 
influences the separation in other types of cJ.o.ssifier wnshers 
to a certain extent, 

The vvorking principle of tho vrasher is shovm in 
Figure 6. The apparatus consists essentially of a three 
legged syphon, T"I."!O open water tanks, a and b7 are connected- · 
by a syphon forned by the conical vessel, c, and the U tube,c1 
Water flows through the spigot valve, d, through the conical 
vessel and U tube due to the head h1• A clean coal discharge 
pipe is fitted into the separating vessel as shovm, nnd forms 
the third leg of the syphon. Flow through this tube is 
controlled by the head h2, 

The coal to be cleaned is fed to the constant head 
tank, e1 and the granular coal and shale gravitates to the 
separating vessel. Fine slimes overflow directly to the 
tank, b, Since tho rising velocity through the spigot, d7 
is sufficient to prev-ent discharge of solids, and the · 
greatly reduced velocity in the enlarged area o~ the cone, c, 
is insufficient to carry tho granular particles, these 
accumulate nt the botton of the cone and for~ a high specific 
gravity suspension medj_u"!l sufficient to support the coal. 

·The latter thus eventually builds up to the end of tho clean 
coal collector a.nd is discharged~ 

• 

As the shale accumulates in the botton of the cone, 
the mean density of the mixture increases in relation to the 
densit-y of the overflow mixture in the U tube, The effective 
head hl is consequently reduced with corresponding reduction 
of ris1ng velocity through the spigot, thus automatically 
discharging excess shale. . 

A slight pulsating motion has been found to assist the 
rapid sorting of coal from shale. This motion is effected 
by a diaphragm; k, connected to the upper portion of tho 
conical vessel, 

. .. ... 
As far as is lcnown at present, only a small pilot 

plant has been operated and little technical data are 
consequently available. It is claimed, however, that materiaJ. 
ranging·from i inch to about 1 inch can be successfully - 2rro 
treated, A few preliminary .Laboratory scale experiments 
were carried out at the Fuel Research 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 S.G, Distribution is low, i~e. vvi th 
the South African coals tested 1at a high specific gravity. 
In any event, the sinplici ty o1· the apparatus and its 
operation is appealing and it may possibly be of great 
value for certain applications • 



.. FIGURE 6: DIAGRAl: OF SY-VOR WASHER. 

I ' 

WASHING CHAMS£R 

FIGURE 7: DIAGRA1'<1 OF A PLU1~GER JIG. 
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J'i~ v~asher~~ 

Jig washers depend on pulsating currents of water for 
their action and are among the earliest processes used'for 
the concentration of minerals and the cleaning of coal~ 
Since this type of washer requ_ires little supervision, has 
low capital and operating costs and is able to wash unsizod 
:f'eed 1 _it· is extensively used in modern coB.l cleaning 
practice~ 

- The forerunner of the modern jig consisted simply of 
a crude wickervrork basket, which, when about half filled vri'th 
ooal, 'ii!as placed in a waterbath and Vias given an up ?lld dov:ftl · 
motion for such a period as the operator considered necessary• 
This movement in the water caused a rough stratificatioriJ the 
lighter material, appearing in the upper layers, V!as then··-· 
scraped off. I:a the next stage of the evolution of the.jig, 
a box, having a perforated base, was suspended-from a levor,­
vrhich was given an up and dovm. motion manually. Later forms 
of this_ washer consisted of a curved boJc, hc:wing a vertical 
partition1 virtua:Lly converting the vessel into a U tube; 
The mater1al to be cleaned rested on a perforated plate ;in the 
one leg and the water was given a pulsating 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 essentially of the same form, except that the 
plunger has been replaced by a sealed chamber, air being · -
admitted and exhausted alternately to provide the pulsating 
motion. This method of operation has the adve.ntage that the 
jig cycle pan be readily altered. Provision was also made 
in the-later types for continuous disposal of clean coal and 
refuse~ 

In order to explain the operating principle of a jig, 
it is necessary to return to the fundamental equations which 
were derived for 'the behaviour of a particle in upvvard and 
d~1nWard curren~s of water. To facilitate reference, the 
relevant equations of rtlotion are listed below. · 

(a) Upward_ Qur:;:~n.t 

~ = t~f~ , .. w 
i 

...... I 

1\' 
s - /"" ! - __ lg 

s I -
J -· 

(b) Downward Current ...... . . ---·-,-~-.. .... 

(c) 

First phase of motion 

dV 
ere = ~f (w ~ v-j 2 {~ ~ 

. ··~ ,.... ~ 

second phase of motion 

g ---------

~ = [s.;e]g _ ~~ 1-v -w.j 2 

Still Water 
~· . -

dV _ ~--s - P--,,~ 
~- -g--

L .J 
g 

p 2 
- .3Q. -- v 8rs 

The early/ ••••• 028; 
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(20) 

(21) 














































































































































































































































































































































































































































