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REPCRT O TH: PLRICRIL.NCE OF THLE
4" CCHROUND W.TER CYCLONE

1, INTRODUCTION

The investigation wag undertaken as a preliminary study
of the 4" Compound Water Cyclone, with regard to its separation

efficiency, range of yields obtainable and throughput canacity,.

The main purpose behind this work was to gain sone
gxperience with the operation of this type of cyclone and to get
an idea of its performance bofore starting investigations with an

8" Compound Water Cyclonec.

The cycionc used in these tests is the property of Nor-
tong~Tividale South ..frica (Pty)Ltd., Johanncsburg. It was
borrowed by the Puel Rescarch Institute and mounted on the existihg
test rig, consisting of a rescrvoir tank, feweding pump, recirculating
pump and sampling apparatus. & representation of the apparatus

and test rig is given in Diagroms 1 and 2.

48 the cyclone was supnlied without the scet of inter-
changeasle parts, the number of operating variables was considerably
regduced. Because of this fact, together with that of having only
one tyre of coal availlable, the study cannot be regarded as a

very ertensive investigation. It describes some of the results

a

of ini%ial tests and gives the basic information on performances of
thig, in South africa gtiil new, type of coal separator.
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2. THE TESIING PROCEDURE

2.1 Description of method

The method employed was the bateh operation in closed
circuit. The known volume of water was placed into the rescervoir
tank and the recirculating pump was started to provide turbulence
in the tank and thus a reduction in the settlement of coal.  The
corr¢sponding amount of ccal was then added and the feeding TUmp
was started so that the inlct pressure was slowly increased up to
the desired valuce. Both product and discard were returncd to the
reservolr tank for some 15-20 minutes, which is about the timce

required for reaching the steady state in the cyclone.

During the operation a hindercd scttling bed is formed in

the cyclone, amounting to about 50 gramms and consisting of the

heavier fractions of the Ffued. This leads to a change of the focd
composition. In order to avoid this change, or rather to roduce

it as far as possible, it is nccessary to start with a sufficiontly
large batch. In these tests 1t was 600 kg of the puly, containing
30 kg of the coal, so that the amount of coal in the cycleone wog
practically ncgligible. |

2.2 Sampling

after reaching the steady state inside the cyclone, the
overflow and undcrflow wire sampled simultoncously by means of the

sampling avparatus {two sampling boxus fixed on o trollcy).

The duration of sompling wos measured and used for the
calculation of the flow rateo. The samples were weighed as pulp
in ordcr to calculate the solids concentration and the flow ratio.
They were then drained, dricd, weighed as dry products and analysed

as desired.,
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2.% Coal

The origin of thg coal used in these tests was the Landau
Ho. 2 seam. The washability characteristics and screen analysis
of this coal are shown in Tables 1 and 2 and Figure 1.

5. FACTORILL PLST

The operating variables of the Compound Water CTyclone are

as follows:
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tricone typc (large, medium and small)

vortex finder diametor.
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vortex finder clearance (VFC)*.

> apex diamcter.
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; percentage of solids in the feod.

The scttings of those variables should match the nature
of the raw coal as they depend on the washability characteristics
and particle size consists of the coal and on the desired yicld

and cut point, respuctivuely,

Usually these settings are found from a statistical tost,
called the "Factorial Tost!, Bricfly this test deals with theo
cffeets of changes in two, threc or four opcerating veriables on
the performonce of the cyelonc. Bach of the variables roguires
at least two, but proefurably throec scttings, a high, medium and
a low cne.

b g [,

¥ The vortex finder clearance is the vertical distance betwoeon
the lower edge of the vortex finder and the intersect of thoe
upper and middle secctions of the compound tricone, s¢e Diagram 2,



48 stated above, the apparatus was available without
accessorivs, i.e. with only one size of the vortex findcr and one
size of tho apex. The typc of triceone was a large one. Trom the
remaining three operating variables, 1.¢ vortex finder clearance,
inl¢t pressurv and percentoge of s0lids in the feed, the first two
were chosen  for this tust, cach of them at three different lovels.
The reason for this was that the effoet of solids porcentage is less
than the c¢ffects of other variables. & strong deteriorating

effcet will only ocecur when increasing the feod solids to about

8 purcent,

The settings of the selgcted operating variables werc

as follows:

low é medium g high
Vortex finder cleorance (in) 5 1% é 2 ; 22 ?
glnlct pressury (1b/in2) é 5 ; 8 ‘é 10 é
Vortex finder dismcter (in) g 2 ) é
%Apex diameter (in) E 1 %
% solids in the feocd é 5 |
Compound conc type f Targe

2

Bach individual tcst

r

't curtain cyclonc setting was donc
in duplicaty, using the same boteh. For cach of thcese double tosts
& new batch was usud becausce of the possibility of size degradatich
of coal in thc cyeclonc and pumns. The dry clileaon coal was

screencd on‘75 microns (200 mush) screon and both size fractions

were analysed for ash contont,

The results of the Factorial Tust are shown in Table
3 and Figurcs 2 - 4,
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4, TEST USILG THE OPTIFUM 3ETTINGS FOQUND

From the results of the Factorial Test it was decided to
do a few tests with the optimum settings of operating variables.
Lccording to the Factorial Test the best conditioneg, for o given
coal, seem to be operating the cyclone at lower fecd pressure and
larger vortex finder clearance. These settings cover the range
of yields varying from 50 to 70 percent and rcsult in an ash

improvement of 4 to 5 percent.

The clean coal contoins about 40 to 50 percent of the
minus 75 micron (200 mush) fracticn with vractically the same ash
content as thu feed. 45 this froetion constitutes only 32,9 poer-
cent of the foed, and the size degradation of fine coal in the
cyclone is very low, it is clear that most of the minus 75 micron
material goes to the clean coal, following the watcr split in the
cyclone.

a8 a result of the very poor scparation of the fincest par-
ticles the following tusts were done with the coal from which the
minus 75 micron fraction had been rcemoved by nmeans of wet scercening.
Its size consist 1s shown in Table 4 while the resulte of thoese

tusts appear in Table 5.

Promising rc¢sults in asgh improvement were obtaincd in
these tests, but the officicncy of scparation could not yet be
evaluated. It is belicved that these results can still be improved,
cspecially when cleaning plus 150 micron (100 mesh) coal only.

This can be illustrated by results of tusts found in the litceraturcs,

These results concerh the two-stoge operation.

* J. Visman - "Two-stage Beneficotion of Washery Efflucnts with
Compound Water Cyclonces," Trans. Fifth Intcernational Coal
Preparation Congress, 1966, pp. 57/72.
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1190 x 74 1,49 0,07 68
1190 x 590 1,49 0,04 22

590 x 297 1,43 0,04 29
297 x 149 1,52 0,07 58
149 x 74 1,92 . 0,30 153

5. COCNCLUSICHN

When taking into acccount the fact that the coal used in
the Factorial Test contained almost 33 percent of minus 75 micron
(200 mesh) fraction, and even som. 50 pu}ccnt of this coal was
smaeller than 150 micron (100 mush), the rusults obtained with the
Compound Water Cyclone can be considered as satisfactory. As for
given coal the range of yields of clean coal obtainable liecs be-
tween 45 and 80 percent and the ash improvenent is betwuen 3,2
and 5,4 percentag. units. The rusults of the tests with plus 75
micron (200 mesh) coal show an ash improvement of 7,0 to 8,7 percen—
tage units. For comparison, the conventional water cycloneg gives

an ash reduction of only some 2 to 3 percentage units.

Unfortunately the floét and sink data on washery products
are not yet available bucausc of sowe analytical difficultics
with thc separation of such fine coals., The quality of separation,
expressed as probable crror, and tho rang. of the cutl points are

still open quustions which will roquire further investigation.

(5IGUED) A. SALER.
RESEZARCH COFFICER.

PRETORIA.
l4th February, 1972,
/MS



TABLE 1

WASHABILITY DATA OF THE COAL FOR THE "FACTORIAL TEST!

. Fractional Cwa. Tloats = Cum Sinks ' Chavac-

% Yicld % hsh % Yicld % Ash % Yield & agh CeTiStlc

F 1,3 3,91 2,6 3,91 2,60 69,09 17,99 1,96 |

1,3 - 1,4 . 5,03 3,8 8,94 3,27 91,06 18,77 6,42

1,4 - 1,5 24,06 6,9 33,00 . 5,92 67,00 23,04 20,97

1,5 - 1,6 19,45 12,1 52,45 = 8,21 47,55 127,51 @ 42,73

1,6 - 1,8 15,13 16,5 67,58 10,07 32,42 32,65 60,01 -
1,8 - 2,0 13,98 22,3 81,56 12,16 18,44 40,50 = 74,57
52,0 | 18,44 40,5 - | - - - 90,78

Whole Coal 100,00 - 100,00 17,39 - - -
TABLE 2

SCREEN ANALYSIS OF THE COAL. FOR THEL "FACTORIAL TESTH

Size Fraction Yigid igh

0 - 75 miecrons %2 ,9% 17,6%

75 - 150 i 17,0% 17,3%
150 ~ 251 " 17,9% 16, 8%
251 - 500 " 30, 6% 16,6%

- Over 500 " 1,6% 17, 7%

/TABLE 3
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T.BLE 4

SCREEN ANALYSIS OF THE COLL FOR
THE TEHETS WITH OPTIMUM CYCLONE SETTINGS

é Size Fraction | Yield g
| 75 - 150 microns 25,3 % f
150 ~ 251 " 26,7 %

251 - 500 " 45,6 %
Over 500 " 2,4 %
TABLE 5

RESULTS OF THLE TUSTS WITH CPIIMUM CYCLONEZ SETTINGS

Operating variables Ash Content
: : 5 Yicld . : R*
L VFC(in) | IP(1b/in®) | % . Feed [Clean Coal | Refuse
2 5 48,17 | 17,29 10,10 | 23,97 | 7,2
2 8 66,44 18,04 10,96 32,06 | 4,17
2% 5 36,62 18,55 9,86 23,64 7,3
2% 8 54,55 17,85, 10,56 | 26,39 . 6,2

* R significs "Yicld reduction factor'; it is calculated from
the following formula

R = &99—:—¥ where Y = clean coal yield
AF = i

Ap= fued ash.
AC: clean coal ash

In other words, this factor uxpresses the percentage of dis-
card per one percent of ash improvement.
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Opcrating % % Yicld é /o 2 SRe e AT IS Flow Rate % Flow Rate
Test | variables % of cluan coal AN %285 Eigﬁsi # ash in Product % Solids t/h of pulp % Overflow
No. : 5 ; fraction | S : :
VEC* . Ip**_ T i ma o | Tend | Drediiad T aen S +200 mesh . =200 mesh In ; In ; i St s N iy
e 1bﬁ1@ EIn Tost JVuraéo% qudé quauctv Discard @ in product fraction§ e product§ discardg In test -uverabc In test | Averag
1 | 1% 5 63,40 | o, , 16,9 13,5 | 22,7 . 44,9 | 10,3 , 17,6 3,6 | 36,9 5,59 57 | 95,78 | 95,9
2 1% 5 65,07 | °%1° 16,7, 13,5 | 22,6 4%,8 10,7 | 17,6 3,6 36,3 | 5,72 ’ 96,073
3 13 8 78,27 | gy 18,1 13,7 3%,8 36,0 11,1 18,3 4,1 39,4 ' 7,59 77 97,44 | g1 o
4 1% 8 82,78 2 17,7 14,2 34,2 56,4 11,5 17,9 4,3 38,8 7,85  » 97,94 ’
5 1z 10 82,48 82 o % 17,1 | 13,6 33,5 34,1 11,8 E 17,6 443 40,8 8,72 = g7 97,97 98,0
6 1z 10 81,96 7 16,7 13,3 51,8 37,0 11,3 . 17,5 4,% 41,9 8,64 | ’ ! 98,0 &
7 2 5 54,34 | o5 o 118,01 13,3 | 23,5 Sl 9,8 17,6 3,0 39,3 5,83 5 8 94,31 g4
8 2 5 53,18 | °2*° 117,91 13,8 | 22,5 | 49,4 10,2 17,5 2,9 38,9 | 5,72 : 94,08 .
9 2 g 68,39  g54 16,9 12,6 26,1 38,5 9,9 17,2 3,6 41,0 Ty 77 7.g 96,19 = 46 3
10 2 8 69,42 . °°s 16,6 ¢ 12,9 25,1 . 39,4 10,3 /) 3,6 41,6 7,94 ’ 96,49 g
11 | 2 10 ¢ 73,54 | o s 16,7 12,9 27,2 36,2 10,4 17,1 3,8 41,4 8,95 8.9 | 96,78 | g6 g
12 2 10 | 73,12 . 22 16,3 12,8 | 25,8 37,5 10,4 17,0 3,8 41,6 | 8,83 ’ 96,89 ’
1% 22 5 45,61 18,2 . 12,8 20,8 51,7 9,4 16,7 2,6 30,6 5,86 91,44
12 | 2% 5 47,29 465 1709 13,0 22, 4 52,0 9,4 16,8 2,7 30,9 5,91 243 91,80  IL»6
15 | 2% 8 64,01 613 | 16,6 12,5 23,8 38,7 10,2 16,5 3,5 42,2 7,98 g 95,90 | g5 7
16 | 2% 8 64,49  °72 16,4 | 12,6 23,3 42,0 9,6 17,0 3,4 40,8 | 7,94 | = 95,57 ’
17 | 22 10 | 65,52 17,6 12,8 26,9 40, 4 10,1 17,5 3,5 44,1 | 9,09 96,17 |
18 | 23 . 10 69,32  °T4 15]9 anys 0 23,4 37,1 10,5 17,0 3,6 | 42,6 | 9,03 %L1 96,49 | %603

* Vortex finder clearance.
**% TInlet pressure,
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