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ABSTRACT 

The main ai m of the project was to oplimise the yield of 4# Vlak laagte Coa l (exporl low 
volati le steam coal) passing through the ll-s lrerun plant. This was invest igated by varyi ng the 
banana screen cut-point and noti ng the cITecL this had on the coaJ yield . 

Fi rst ly. the cut-point size and efficiency (degree of separation) of the bllnana scrl-'Cn were 
ca lculated. The sc reen consbied of 15 mm aperture Si7.e panels was tound to he operating at 
an efficiency of 92,3%. For the wet screen application Ihis etlic iency is !lot acceptable and 
possible solutions to increase the screen performance Were considered but need to be further 
investigated . 

Washability tests were performed on various size fractions of the 4# ROM coal. The results 
were uSed to c!l lculate what yields would be expected at the specilil:d Cv of 27.4 MJ/kg and 
at what medium density the separation process would operate at. The individual size fraction 
yields were considered. Fractional washabilities above and below variolis cLlt~point sizes 
were combined and used to calculate expected yiclds and densities separalion for each 
und ersize and ovcrsi7.e fraction at each cut-poinL 'rhese yields wcre then combined to give 
the tolal yield of coal. 

The screen is prcscntly running at a cut-po int of 14.5mm, Oil a screen of aperture size 15mm . 
Results sh()wed thallhe optimum cut-point size, giving the highest yield, was Smm. 

The cut-poinl size of the banana screen controls lhe split of the feed stream to the \Vemco 
dru m and the DSM cyclones. This is :mportant as the amount and sizes of tbe feed either 
reporting to the drum or cyclones, has an eneet on both processcs' efficiency aod thus overall 
yield. Thus, when analysing the different possihle cut-poinls, thc maximum sizes of then 
particles going to the cyclones and the maximum flow rate into the cyclones and drum must 
be considered. Thus ensuring that 110 bottlenecks appear and that no damage occurs to the 
equipment. 
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1 INTRODUCTION 

Gocdehoop CollielY mines #2 seam coal and #4 seam coal from the WitbaJlk area and washes 
it to specification for the export market. The co.ll preparation pl<lIl t washes approximately 
7.3Ml per annum through three plants namely A, B and C stream. 

A stream washes #2 seam coal from Hope mi ne and HaasfOll tc in mini-pit in a do uble-stage 
process 10 produce both LAC (7 .3% ash) and high volati le steam coal (28 .15MJ/kg) . A 
double-stage process implies fi rstly washing at a high medium density to separate the discards 
fi"Om the coal, and then washing at a low-medium den. .. ity to separate the LAC from the high 
volat ile coal. B stream washes only #4 seam coa l fTOm Vlaklaagte mine and is a sing le s tage 
process producing low volatile steam coal (27.4 MJ/kg). The #2 seam mine fro m Vlaklaagtc 
is a single-stage washed through C-stream producing a high-vo latile product. 

The bas ic coal flow of al l the streams is as fo ll ows: 
Tbe RO M coa l is :wet screened inlo size fractio ns of - 1 50 1·1 Smm and - 15rnm by the banana 
screens. The larger s izc fract ion is sent to Wemco drums where gT'"dvity inducc<l dense 
medium separation occurs. The - 15mm coal is sent to preparation screens where the fi nes, -
O.5mOJ, are removed. T he - lS+O.5mm fhct ion is washed ill tl1e DSM cyc lones (dense 
separation induced by centrifugal force), and the ti nes are treated all the spiral concentrators. 

This papcr is concerned w ith the #4 seam ROM coal through th e B-streall1 . Thc coal is 
recla imed from B s tockpile and conveyed v ia 4R4 and 4RS to POS banana screen. The 
overflow fro m F05 screen gravitates la F J 0 Wemco drum, the underflow 10 G02 and G07 
preparation screens. From these screens the fines arc fed to the fines circuit (spira ls), and the 
small coal fract ion to G l0 and GIS DSM cyclones . 



2 THEORY 

2.1 BANANA SCREENS CUT POINT AND EFFICIENCY 

The efficiency of screening is d~termined by tile uegree of perfection of separation of the 
material into the s ize fractions abovc and below the dimensions of the aperture si:t.es on the 
panels. The most common screen performance criteria are based on the recovery of the 
materia l at a given ellt point s ize, or on the mass of misplaced material in each product. The 
size fract ions in each stream feed, overtlow and undernow streams need [ 0 be determi ned. 
Knowing these fractions, til t: efficie ncy can he calcu lated from the fo llowing equation (see 
APPENDIX A for derivation): 

Equation (1) 
Efficiency ~ (c-f)/( c( 1-f)] 

Where c = traction materia l > cut point size in overflow 
f = fra(.;tion material > (.;ut point size in feed 

This equation implies that recovery (lfthe coarse mate ria! in the oversize is 100%. 

Fro m Equation! it can be seen that the screen efticicncy can only be culculated once the cut 
point size (u50) has been obta ined. The cut point size for which 50% of the particles in the 
feed of that size report to tile undersize, i.e. particles o f III is size have equal chance of going to 
either the owrsize or the undersize. 

The d50 is obta.ined from the partition curve. This curve is drawn by piotting the partition 
coefficient, defined as the percentage of the feed reporting to the oversize product, against the 
geometric mean of each size fraction. 

In ordcr to obtain the reconst ituted feed, used to calculate the pflrtitiol1 coefficient. Ihe 
percentage of the total feed that reports to the overflow is required. This is calculated from 
the percentages of ea(.;h size fbc tion in the feed, overflow and ul1derflow, obtained from the 
ACCL sample data (see Appendix B for further derivations and calculations). Once thc feed 
split is known the reconstituted feed is calculated by adding the weight percentage of feed to 
the overflow to tbe weight percentage o f feed to the undernow, for each s ize fraction. The 
weight percentage of feed to oversize is then divided by the reconstituted feed to obtain the 
partition coetlicient for each size fract ion. From the partition curve, the d50 is read off at the 
50% partition coefficient valu e. 

The efficiency of the separation can be assessed from the steepne1:ls of thc curve. This is 
given by the imperfection, T: 

F.qual ion (2) 

The closer to vertical the s lope or the cunre, the more efficient the separation. The partition 
curve can a lso be used to determi ne the amoun l of m isplaced material, by considering the 
ta ils, e.g. lhe amount of undersize material lhal reports to the oversi:Le product. 

High capacity and high efficiency are opposing reqtlircments for any given separation, and a 
compromise is necessary to achieve the opt imum result. At a given capacity, the 
effectiveness of the screen (i.c. the probability of a particle passing through the screcn 
aperture) depends on: 

, 
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• Pccd rate ... - if the f~ed rate is too hi gh the bed is too thick thus reducing the probability of 
the particle reach ing tJle bottom of the bed and going through the aperture 

• Rate of vibration ·- in general an increase in the v ibration increases the effic iency, but too 
high a vibmtion w ill cause the particles to be thrown too high thus reducing the particle 
probabil ity 

• Angle of screen - Affects the time the particle has on the screen and thus the probab ility 
of the particle passing through the aperture 

• Percentage open area offhe screen 
• Nature of feed material (<I mount of near s ize material) - more ditTicult to separate nea l" 

s ize ma terial J therefore a large amowH of this material decreases the efficiency 
• Presence of moisture or clay - fines washed o ff larger particles in wet screening increases 

parlicle passing probab ility, but clay conditions may clog up apertures 

2.2 HEAVYMEDIUMSEPARATION 

2. 2.1 Heavy Medium Separation (HMS) Theory 

Heavy medium separation is used to reject the ganguc from tl feed stream in order to obtain 
the required mineral product. In coal preparation HMS is used to produce a commercially 
graded end product, clean coal being separated from the heavier shale or high ash coal. 

It is the s implest of gravity processes in which the heavy liquid (medium) is of suitable 
density so that minerals lighter than the liquid float, wh ile those denser than it sink. In 
industrial separations the medium used is a suspension of heavy solids in water, which 
behaves as a beavy liquid. Coa l prcparation plants use magnetite to make up th e mediu m It 
is of an acceptable viscosity, low cost, w ide operati ng range density range, and can maintain 
densities up to 2.5 specific gravity. 

The advantages of HMS over other gravity separations are: 
• A bil ity to make sharp separations at any required density 
• Density of separation can be closely controlled and maintained 
• Densi ty can be changed at will and fairly quickly to meet varying requirements 
• High degree of efficiency even in the presence of high percen tages of near density 

material 

2.2.2 Separating Vessels 

Wemco Drum: 
This cons ists of a drum (hrough which the feed and med illm flows. Grav ity separation is 
accomp lished by the conti nuolls removal of the sin k product through the action of lifters fixed 
to thc ins ide of the rotary drum, which empty into the heavy discard into the internal sink 
launder. The light product f10ats through the drum and overflows a weir at the oppos ite end 
of the drum fro m the feed chute. D rums are use in the coal industry because of their 
s impl icity. re liability and mi nimum maintenance needs. 

Dense Medium Cyc lone: 
Cyclones providc a higb centrifugal fo rce enabling much finer separation to be achieved than 
that in grav itational separations . Fccd to these devices is screened at O.5mm to avoid 
contam ination of the medium with slimes. and 10 minimise medi um losses. The ore is 
suspcnded in a very fine medi um of magnetite, and is introduced tangentially to the cyclone 



under pressure, normally being gravity fed via a constant head. Centrifugal forces cause tbe 
denser particles lo move lowards the cyclone wall , while the lighter particles arc drawn to the 
centre oflhe vesseL The sink product leaves the cyclone in the apex, wh ile the floats product 
is discharged via the central vortex finder. 

2.2.3 Washability Testing 

Washability Tests are important in coal preparation in order to determ inl:l the required density 
of separation and the expected yield of coal of the required caloritic value (CV) or ash 
content. The heavy Jiq'uid tests involve splitting the coal sample into density fractions, and 
obtaining the weight percentage, ash content and CV for each fracti on. 

r 
I 
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3 EXPERIMENTAL )'ROCEDVRE 

3.1 COAL SAMPLING 

In coa l washing operations the sampling. sample preparation and anaJysis of the coal is 
importanl. All analytical result may be lISed tor quality determination, for payment or for 
plant washing control. The problem with sampling coal is that it is inscrutable, has a wide 
range of species present (coal and mineral matter), and varies greatly in its ' composition 
(species proportion) from one moment to the next. Tho objective of coal sampling is thus to 
take a llllmber of increments from the bulk coal being sampled, called the unit. The 
cumulated increments should contain aU the species· present in the unit in the same 
propottions as are found in the unit, i.e. a representative sample. Tn order to obtain such a 
representative sample, there are sampling standards that give for example, the minimum 
number of increments required I order to get a particular precision level. Precision is the 
extent to which sets of results from sampling agree among themselves; i .e. a sampling method 
that g ives many results of similar value is a precise method. 

Methods and precautions to be taken when sampling coal: 
• Take an adequate number of increments, spacing the increments equally lhroughout the 

unit of coal 
• Avoid increments from a non~reprcsentative part of the coal e.g. the edge ofthc stockpile 
• Bel ts should have an cven load (if variable load, add more increments to ~mple if the 

belt is empty at the lime of the increment) 
• Avoid any coincidence of the taking of increments with a known periodic variation of 

quality or quantity 
• Take care to prevent the occurrence of bias (systematic error) 
• When selecting a method and the point of sampling, take into account the safety of the 

sampler 
• When using a mechanical sampler ensure that it is working and taking big enough mass 

increments at the correct time intervals 

3.2 ISO SAMPLING STANDARDS 

The ISO (lnternatio!l<:!) Standard$ Organisation) 1988: SfIlnp-lillg of Hard Coal is the most 
generally followed set of standard mles. Following these rul es means that the Reference 
Level of Precision is attained. 

3.2.1 Number of Increments 

Raw coal contains a wider range of species and of d ifferent proportions, therefore more 
increments are required than that tor clean coal. For sample mass up to t 000 tons: 

C°':l.Y.~~_ 
Washed coal 16 
RawcoaJ 32 -

O_''-_-_-_-_-_-_-_-_111-'~~"~:;-t"O~C-k,,p~i-1"'e~~~~--_~.-d-.. -j 
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3.2.2 Mass of Each Increment 

The minimum mass of nn increment depends upon the particular size coal being sampled: 

Mas, (kg) ~ 0.060 

Where D is the diameter of the largest particle present. 

3.2.3 Scoop Size 

While sampling, it must be ensured that the scoop does not impede the passage of any 
particles. The scoop optlning must therefore be larger than the largest particle present 

Minimum scoop size = 3D 

3.3 BANANA SCREEN EFFICIENCY SAMPLING METHOD 

In order to calculate the screen cut-point efficiency, {he size fractions in the feed. overfl ow 
and under flow streams need to be determined. Thus, samples were taken from these streams, 
ensuring that the respective ISO standards were to Jlowed. 

3.3.1 Feed Stream onto F05 Banana Screen 

The stream sample was take n fro m the conveyor (4 RS) directly feeding the even stream of 4 
seam coal onto the screen. The sample is raw coa l, therefore according to the ISO standards, 
32 increments were required, each with a minimum mass of 9kg (maximum particle size of 
150mm). This was done by taking periodic belt cuts along the conveyor. The belt was 
stopped every 10min, at which 2 cuts, 4m apart, of O.5m were taken. TIJis was performed 
until 32 increments were taken. It was ensured that a ll the fines wet-e, included in the sample. 
The raw coal was placed ill plastic bags, labeled and sent to ACCL for a size analysis. 

3.3.2 Overflow Stream from F05 Banana Screen 

The stream sample was taken from the end of P05 screen, i.c. tlle overflow from the screcn 
into the oversize chute . According to ISO standards 16 increments, 9kg each, of the screened 
coal were required. These were taken using a sampling scoop, minimum width 450mm 
(maximum particle size of 150mm). A wooden platform was placed over the gri1Zly for the 
sampler to stand on. The scoop was then passed from either side of the width of the screen 
(to get a representative sample of the whole width of the flow). This was repeated every 
lOmin. Samples were taken a few minutes after the belt had been restarted after the belt cuts 
had been ta ken. This was in order to sample similar coal as that from the feed stream, the few 
minutes allowing for the coal to travel alollg the conveyor and screen. The coal sample was 
then placed in plastic bugs, labelcd and sent to ACCL for a size analysis. 

i 
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3.3.3 Underflow stream from F05 Banana Screen 

The stream sample was taken from the banana screen sieve underflow discharge chute onto 
sieve bends feeding the preparation screens (G02 and G07). ISO standards specifY 16 
increments, 9kg each, of the screened coal, lkg each (maximum particle size of ISmm). A 3 
inch PVC pipe was used to collect the sample (coal and water) and direct it iHto a large bucket 
or dustbin . The pipe was moved across the coal flow of the sieve bend, and increments were 
taken from G02 and G07 alternately. The samples were taken at the same time as the 
overflow screen samples. Since the final sample contained water as well as coal, it firstly had 
to be dewatered before being packed iuto bags and seot to ACCL. 

The size analysis (fractional weight percentage) was done for the following size fractions in 
millimetres: 
+100, -100+75, -75+50, -50+32, -32+25, -25+19, -19+15, -15+12, -12+6, -3+0.5, -0.5 

3.4 FOUR SEAM ROM SAMPLING METHOD 

The sample of 4 seam ROM coal (rcquired to perform washability analysis) was obtained 
using the mechanical sampler. The sampler was set to take samples eve!)' 5-10 min, the 
sample bucket passing through the falling stream of coal from conveyor 4R4. 32 increments 
were taken from the raw coal, each with a minimum mass of 9kg. When working with the 
mechanical sampler, it was ensW"cd that a sufficient amount of coal was takcn for the total 
sample. This was a problem as sometimes the belt (4R4) had stopped and the sample bucket 
did not collect any coal. When taking the ROM sample, the coal was not reclaimed from the 
ends of the stockpile where unrepresentative samples would be obtained, but from the middle 
portion of the stockpile. The whole sample was sent to ACCL for a fractional washability 
analysis on each of the following size fractions, in millimetres: 
+50, -50+25, -25+ 19, -19+15, -15+12, -12+9.5, -9.5+8, -8+6. -6+3, -3+0.5 

The +50mm fraction was split into two. The one half was used to pctform the 
abovementioned washability, while the other half was crushed to -50mm. A washability 
analysis was then performed on this fraction. 

The resultant washability samples were then analysed for the ash content and calorific value 
(CV). 

; 



4. RESULTS AND DISCUSSION 

4.1 SCREEN EFFICIENCY AND CUT-POINT 

4.1.1 Feed Split 

From ACCL sizing results on the feed , overflow and underflow streams: 
Percent ofthe feed to the overnow "-' 51.3% 
Percent of the feed to the lInderflow = 48.7% 

See Appendix I3 (1) and (ii) for calculations. 

4.1.2 Cut-point - Partition Curve 

From Figure I the cut-po int is read off ut 50% of feed reporting to the oversize product, i.e. 
dw "" 14.5mm 

See Appendix B (iii) for table of curve constnlclion data. 

The partition curve indicates that the screen is operating at a cut-point size of 14.Smm. The 
actual aperture size on the pane ls on the screen is 15mm. This is as expected. 

! 
t 

FIGURI! 1: Partition Curve for F05Scro.n 



4.1 .3 Screen Efficiency 

The imperfeclion is obtained from the curve and equal ion 2: 
1= 0.09 

The screen cut-point was ca lculated to be 14.5mm. Since size fraction data was available 
only at 12mm and 15mm, Equation 2 is solved l1sing a cut-point of lSmm: 

Efficiency '"" 92.3% 

See Appendix B (iv) for calcu lation. 

The ca lcu lated imperfection does not take the tails into account but considers the main bulk of 
the feed material (between 25 and 75%). The steepness of the line between the 25 and 75% 
partition factors indicates the elTectivcness of separation, with ideal slope of zero. The curve 
shows that there is good separation of the particle sizes in the bulk material, there is a large 
mispJaccment of fines in the oversize stream (tai ls portion of the curve). The curve also 
shows that no coarse material is recovered in the undersize stream. 

The resu It of the mispJnecmcnt of the fines has an effect on the petformance of the screen and 
could account for the loss in efficiency of the screen (92.3%). The presence ofihe fines in Lhe 
overs ize !Stream is undesirable as it causes a decrease in yield . 'nlis is due to the fact that in 
the drum section (lrenting the oversize stream), there is not sufficient time for the fine 
particles lo separate, i.e. the heavier particles do not settle into the sinks but are carried over 
in the floats stream . Therefore, the presence of fines in the drum separating section must be 
minimised. This is done by increasing the screen efficiency. 

The amount of near size material affects the sereen performance, the higher the amount the 
more difficult the separation. The amount of near s izc material in the feed stream is 3.5% of 
- J9mm + 15mm and 3.6% of -15mm + 12mm, jn total 7.1%. This could have a small 
negative impact on the screen efficiency. 

4.2 FOUR SEAM ROM WASHABILITY TESTING 

4.2 .1 Individual Size Fraction Washabil~y Results 

The data obt:"lined from the ACCL analysis can be found in Appendix C (i) . From these 
results, the yield and density of separation (corresponding to a CV specification of 27.4 
MJ/kg), are obtained for each size fraction . The organic efficiency of the dense medium 
separation is t"iaken to be 95%, i.e. 95% recovery or the theoretical yield prediction. 



Table 1: Individual Size Fraction Washability Resu lts 

Size fmcti on ROM reed SIze Yield on Coat Yield (%) Density .. ------or 
(mm) d istribution (%} fract~on (%) separati0!1J~ 
·0.5 3.4 . . . -- _ .. -. 
·3+0.5 9,6 83.34 8 1.8 '--- .... - - .' 
· 6+3 11.3 81.68 9.2 1.74 .. . .. _ . 
· 8+6 8 72.85 5,8 1.7 . 
-9.5+8 7·L __ _ 83,66 6.4 1.8 . . . 
· 12+9.5 12 ,4 79,09 9.8 1.71 ._- - .. 
·1 5+ 12 2,2 -.- -f.~)4 1.6 1.62 -
·1 9+15 2,9 75.9 2.2 1.64 ._- .-. -
·25+19 6, 1 3, 8 1.55 - ~}7 - _ ... 
·32+25 6.7 67.9 4.6 1.58 -
· 50+32 13 .9 .. __ ... _ ~728 8.1 1.56 ... _-. 
+50 ___ _ I-L~9 ___ . 34 ,1 7 5,4 1.56 

-" .. , ... . _ _ ., .. - '.,-
~1 _ 190 64.9 •. . . 

Table 2: Crushed +SOmm Size Fraction Washability Result 

Size ·fracl;o" ROM feed S ;7~ Y;e1d - on I C"OOI Y;e1d(%) Dens;(y ~Of 
I-"ll",lm=_ _ _ _ distribution (%) fraction (%) _ sc aration ~ 

·50 15,9 39.24 ._6,2 _ _ . _ -' 1.56 

From Figure 2 (next page) it can be seen that the sma ller sizc fractions have a higher yield 
than the larger size fradions. This could be due to the higher degree ofliberation. That is the 
smaller pm1jcics have a high degree of liberation of coal, thereto re more effectrve separation, 
while the degree of separation in the larger particles may be reduced by {he presence of 
mineral matter in the particles. Up to particle sizes of 15mm, the yield is above 70%. Above 
this size fraction it can be seen that the fractional y ield increased by just over 5%. This is 
accounted fo r by the increased coal particle liberation on crUShing. It is a substan tial increase 
in the yield especially when considering the amount of coni washed and sold an nually . 

FIGURE a: IndividuI l , lu fraction yields for 
CV 27.4 MJfll:g 

~ '----r----r---~----'----'----,----.-----r----r----r---, 
1 ~~ i !, . : _ ~.~ .. .. ~~~-. :1-L_ 

;; '" 1-- --1-- . .\-t- .... .. "-.., ---:: ------~'\ . -
I'" _.[--i--+- .. -t--
! '" 1-- 1 " . 1.11- - 1--'" -f\ ... 
~ -1-+ . 1-1-+ .. . .----
" ·-t--+-- t- 1--+ . - [ 
':1--00 t- .. i ! j-I-Iy-t-

'0,5 •• •• .g.a . 12 ' 1' ." ." ." 
5Ia f~IoB '''''''I 



4.2.2 Combined Size Fractions Washability Results 

In order to calclIlatc the total y ield results obtained at different cut-point s i:r.es of the screen, 
combinations or the washabiJity data of the size fractions above ('+ cut-po int' ) and be low ('­
cut-point ' ) the chosen cut-points were required. These combinations predict tbe yield of the 
'+ cut-poi nt' fraction reporting to the drum process. and the yield or the '. cut-po int fraction 
reporting 10 th~ cyclones. The ash percent and the CV values for the com bi ned fractions were 
obtained by fi rstly calculating the ash and CV points fo r each individual siw fraction. Then, 
adding the in propmt ion to the weight percent of each fracLion and divid ing the results by the 
feed weight percentages of the combined fraction. The tota l yield pred ictions were obtained 
by add ing the coal yields (combined fraction yield multip lied by the feed weight percentage 
of the combined fraction) for the + cut-point and the - cut-po int combinations at each cut 
point. 

See Appendix C (iii) for an examplc of data obtained for combined fraction washability 
(speci fi ca lly the size frdction above ale 8null cut-point). 

Yield results are for the + and -- cut-point fmetions, taking the specification CV of 27 .4 MJlkg 
and an organic efficicncy as 95%. Note that the -O.5mm fl1lction is screened out by the 
preparation screens, therefore it does not report to the cyclones and this fraction 's washability 
result~ are not included in the fractiona l combination. As a generaJ application, the O.5mm 
si7..e fraction percentage of the feed is lUultiplied by l.7, and tho equivalent amount subtracted 
flUm the - 3+0.5 size fraction. 

Note: The cut-point size refers to the size of the particle that has 50% chance of reporting to 
the unders ize prod uct. It is an indication of the screen aperture s ize and screen e fficiency. h 
splits the feed into two distinct oversize and undersize producL streams. 

Table 3: Predicted yields for the combined size fractions above and below the cut-point sizes 
(Yields on 27.4 MJ/kg CV specification) 

~~t-poil1t fraction - cut-point fraction 
Cut-point Fraction Feed Size Total yield Fraction Feed size Total yield 
(mm) yield (%) distribution (%) yield (%) distribution (%) 

1(%) (%) 
3 68.3 87 59.4 83.4 9.6 8 ------ -_. 
6 ... -~~ 1 75.8 50.1 82.5 .•. _- . 20.8 17.2 
8 M.2 67.8 43.5 81.7 28.8 23.5 
9.5 60.9 60.2 36.6 S2. 1 36.4 29.9 . 
12 54.4 47.8 26 S1.3 48.S 39.7 
15 53. 1 45.6 24.2 S1.I 51 41.4 
19 5 1.2 42.6 2 1.S SO.8 53.9 43.6 .. 
25 49.4 36.5 IS 793 60.1 47.7 

I 

Total i 
yield (')j 

.. 

67 .4 I 

67.3 
67.1 
66.5 
65.7 
65.5 
65.4 " 
65.7 .. 



FIGURE 3: Yield 01 combinoo alza fractiona at valioll ' cut poln te 
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From Figure 3 it can be seen that the combined fractions lower toan the cut-point size (- cut­
point) give high fractional yields, while the combined fractions higher than the cut-point give 
much lower fractional yields. Th is can be accounted For by the expected higher degree of 
liberation of the coal particles in the smaller size fractions. 

The tigure also ind icates that for -clIt-po int size combinations from 8mm up to 25mm, the 
fractionru yield does not vary much, experiencing only it slight drop with increased cut-point 
size. The combined fractions +cut-point size show a lnrge decrease in yield with cut-point 
size, especially from sius 3mm to 12mm where the drop is more than 10%. Tbis drop could 
be due to the fact that at lower cut-points larger amounts of smaller particles arc included in 
Lhe +cut-point fraction. This corresponds to with the individual fractional yield results which 



imply that smaller particles give higher yields (coal liberation), therefore with an increase in 
the amount of smaller particles in the +cUt-poillt fraction, the higher the yield. These results 
imply that varying the cut-point size in the range 3mm to 25mm does not affect the --cut-point 
fraction yield to such an extent as it aftects the +cut-point yield. 

Figurc 3 suggests that since yields of the combined fractions -cut-point are much greater than 
those of the +cut-point fractions, it would be more beneficial to increase the amount of feed 
material repOlting to the -cut-point fraction thus operating at higher cut-point sizes. 

Figure 4 combines the yields predicted for the -cut-point graph and +cut-point fractions by 
taking the feed size distribution into account. The graph indicates the total yield increases as 
the cut-point decreases (up to 3mm in this exercise), this being due to the higher yields 
expected in the +cut-point fraction at lower cut-points (see figure 3). 

Although the results show highcr yields at the smaller cut-point sizes, the separation 
efficiency of the drum and cyclones has not been considered. At the lower cut-points there is 
an increased amount of smallcr material reporting to the drum plant. Jt is known that the 
performmlce ofthe drum decrcases with ml incrcased mnount of finer material (residencc time 
of the smal1er particles in the drum is insufficient to allow for efficient separation). Also, 
cyclones are generally marc efficient than drums. Knowing this, it would seem to be more 
bencficial to operate at the higher cut-points, thus reducing the amount of smaller pmiicles 
reporting to the drum, and increasing the load to the cyclones . In this case, the cyclone 
operating limits must be noted, and HorsfaU2 states that the preferred minimum pmticie size 
reporting to a drum is 15mm. 

There are limits to increasing the undersize (-cut-point) fraction, these being the maximum 
load and particle size restrictions on the operating conditions of the cyclones. G 1 0 mId G 15 
are 5IOmm DMS cyclones supplied by Multotec. The maximum top size is 24nun, the 
maximum ore capacity 41-47.3 m3/hr and the maximum pulp capacity 138-159.3 m3/hr 
(ranges depending on operating head, 9D-12D). The range of cut-points is thus satisfactory, 
not exceeding the 24mm limit. This is especially relevant in the smaller size ranges. For 
examplc in a 510mm cyclone, the presence of particles of sizes smaller than approximately 
2mm causes a dramatic decrease in cyclone performance. The minimum size being fed into 
the cyclones remains constant (approximately O.5mm) in the present situation, therefore it is 
not considered. The top size does not have such an effect on the efficiency, as long as it is 
within the specified size range for the particular cyclonc. (Reference Bosman, J. & 
Engelbrecht, J. 1

) 

When calculating the combined washabilities for the +cllt-point fraction, the uncrushed 
+50mm size fraction was added with the other size fractions used in the combination. Then 
for comparison the crushed to -50mm fraction was addcd to instead ofthe +50mm fraction: 

Table 4: Comparison of coal yields (for combined size fractions) of the crushed and 
uncrushed +50mm size fraction 

~ .--~ 
... __ ._._. __ .. 

Cut-point (mm) +Cut-point fractional yield Total coal yield ---
Uncmshed Cmshed Uncrushed Cru~he9_,_ 

8 64.2 65.4 67.1 
.. - 69 

9.5 60.9 62.4 66.5 
f-c-·_--

68.6 
---- -_. 

12 54.4 56.2 65.7 67.8 -
15 53.1 55.1 65.5 67.8 -;c; . __ ... .. _-
19 51.2 53.3 65.4 67.5 ._--
25 49.4 52 65.7 67.8 



Table 4 again indicates that by crushing the +50mm material to - 50mm, there is an increase 
ill the yield. 

The theoretical washability results for the +5mm size fraction were compared with the +5mm 
washability results obtained from Greenside Coniery #4 scam coal. The samples were taken 
over the same period, i.e. January to March: 

Theoretical yield 
{%} ---- --

~?,side C?lliery 72.82 --
Goedehoop 83-34 
ColliclY 

--

The densities of the dense medium in the drum and cyclone separation processes were 
o btained from the combincd washability results. From the Table 5 it can be scen that both 
prncesses operate within reasonable densities, i.o. RD 1.56-1.77. The drum operating at 
densities that decrease slightly with cut-point size, and the cyclones operating at higher 
densities than the drum, also sl ightly decreasing with cut-point si:t.e. 

Table 5: Required densities (RD) of separation for the drum and cyclone separation processes. 

Cut-point (mm) +Cui-point -Cut-point 

-- fraction {drum} fracti<.?n ( cycl':?!1~ 
8 1-61 1-77 

- -9_ 5 159 1-77 
12 1-57 US 

.", - .. ".,- - -- ---
c4-- U7 U5 

19 U6 1-74 
25 1-56 Ul 



5. CONCLUSIONS AND RI':COMMENI)ATIONS 

The combined washability results predict that the smaller cut-point si:tes give higher yields. 
These results used the feed size distribution obtained from the ROM sample to calculate the 
combined washab ilities and thus yields. It is assumed that there is a definite split i.e. the size 
separation (screen efficiency) is 100%. No allowance (in the washability results) has been 
made fo r the inefficiency of the screen and the amount of undcrsi7.e material reporting to the 
oversize product The performances of the drum and cyclone processes have also not been 
laken into consideration. As has been stated the separation efficiencies, as well as the feed 
size distribution , have a large effect on the overa ll coal yield. Thus, no concrete conclusion 
can be made as to the optimum screen cut-point. 

The operating conditions of the dlUJn and cyclones are limited by particle size, th e minimum 
particle size being that to the drum (lSmm), and the maximum particle size being that to the 
cyclones (24mm). The yield within these cut-point limits varies only slightly. 11 was 
therefore resolved to maintain running the screen at the cut-point of 14.5mm, and further 
investigate improv ing the screen efficiency, calculated to be 92.3%. 

Possib le solutions to increase the screen performance include: 
• Spraying of screen wash water. By considering the spraying force, direction and position, 

the probability of the finer particle to pass through the apertures may be increased. 
Ensuring that the bed across the whole width of the screen is exposed to the wash water 
spray will dimillate fines being carried to oversi:le due to insufficient welting. 

• lnstallation of L-pancJs. This would increase the particle residence time on the screen, 
and Ule amount of movement of the bed. Thereby increasing the probability of reaching 
the bottom of the bed and passing through the screen apeltllres. 

• The anglt: offhe screen or the angle of the coa l stremn when it ' hits' the screen. This will 
affect the particle probability of reaching the bottom of the bed and passing through the 
screen. 

• Sectional samples were taken across the width of the screen and it was found that the 
majority of the fines in the oversize stream were carried over [he middle sections of the 
screen. This could be duc to the restricted coal distribution, onto the middle of the screen, 
from the chute. The ["rgel' particles move towards the outer edges while the smaller 
particles remain in tbe centre. Therefore, the exposed area of th e screen apertures is 
reduced and the particle probability of passing through the screen decreases. It is 
recommendcd to change the coal discharge to cover the whole screen width. 

Crushing the +50mm size particles to -SOmm was found 10 be beneficial, increasing the 
fmctional yields by up to 5%. This i ~ a substantial increase especially when considering the 
annual coal production. It leads to additional sales and profit. Further investigation into the 
crusher type, cost and installation is recommended. as well as the effcct of generation of fine 
particles with crushing. 

It is recommended to investigate the effect of changing the apertllIc size (thUS cut-point size) 
of the preparation screens (G02 and G07) from O.Smm 10 2mm. This would theoretically 
increase the minimum particle size reporting to the cyclones, thus maintaining cyclone 
efficiency. 
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