
GLOSSARY
1 Fines (fine coal)

Coal in the size range 500 um to 150 um
2 Ultra Fines (ultra fin~ ooal)

Coal in the size range 0 um to 150 um
3 Uf/f Ratio

mass of ultra fines / mass of fines (ai:r~dried
basis)

4 Double Layer
A two-layered structure where upper part consists
mainly of fines and lower paxt mainly of ultra
fines.

5 Primary Dewatering
Loss of water from the ultra fine slurry during the
double layer formation stage by dra.inage th:rotlghthe
f:i.necoal cake.

6 Secondary Dewatering
After primary dewatering I the douhl.a layer was
thoroughly mixed to produce a new mixture with lower
moisture~holding potential. The mixture WCIS then
Sent to the screen for further dewatering.

7: Fines ixl. Chapter Two
This specifically refers to Goodehoop Fordertechnik
screen product wh:i.chconsisted mainly of - 500 um +
J.SO um coal.

S Fines in Chapter Four
This specifically rete:t:'sto pilot plant cyclone
u11derflow which consisted mainly of - 500 urn '"150
um coal.

9 Ultra Fines in Chapter Two
This specif:i.callyrefers to Goodehoop filter product
which consisted n1ainly of. ~ 150 urn Coal.

10 U1t:x:-a F:l.nes il'1 Chapter Four
This specifically referS to a pilot plant thickener
product Which consisted mainly of - 150 um coal.
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ABSTRACT :
Due to modern m~n~ng and beneficiation methods, a lot of
fine and ultra fine coal are being generated. Due to the
large relative surface areas of these particles,
dewatering economically becomes a real problem and
subsequently a large portion of this material (especially
the ultra fines) is sent to the slime dams. This is
wasteful not only in terms of loss of useful energy
resources, but also in terms of lost revenue. The slime
dams also create potential environmental problems and
require capital for construction and maintenance.
The aim of this project is to investigate the feasibility
of dewatering fine and ultra fine doals by
using/modifying conventional equipment (dewatering
screen) in order to establish an efficient and economical
method of dewatering fine and ultra fine coal.
Labor.atory scale test work was first performed to
investigate the concepts involvl;;:1don a small scale. Based
on these findings, a pilot plant was designed to test the
conCepts on a much larger scale. Recommendations on the
feasibility of applying these concepts on an industrial
scale were ~ade based on the results obtained.
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2.1.1 : Expex.'imentA
1: A pre~deternlined amount of fines (air~dried to get

rid of surface mod etaure) was washed in a Buchner
funnel to produce a uniform bed. The quantity of
water used was not measured. '1'hepurpose was to
prepare a smooth and uniform fine bed (the cake) .

2 Weak.vacuum was applied to the Buchner funn.el fOt'10
seconds tht'ough a rubber pipe co remove excess water
th:llS forming a f::'necoal cake with 1:1. moisture
ccntenc between 20 %- and 30 %-. Then five increments
were drawn across the diameter of the Buchner funnel
for moisture determination using a modified syringe.
The weak vacuum was generated from a small vacuum
pump. The setting of the pu~ remained fixed

throughout the pe rd.od OJ: the labol~atory scale
test work. Tl'lepurpose of the vacuum was to reduce
the moisture level of the samples to suitable
levels for the purposes of tests.

3 The bed depth was them measured. After this the bed
was recons'C'l:'Uctedmanually by filling in the voids
witl'lsurrou1.ding material and tl'lenew bed depth was
measured anu noted.

4 UE:dn~1a pre-determined ratio of ultra fines to fines
(on ~ry mass basis), the ultra fines slurry (20 ,
solid) was poured gently onto the fine bed. Great
caution wao taken to minimise the disturbing effect
caused by the pouring action onto the fine bed.

S The same weak vacuum was reapplied to the ul bra
fines and fines double layer. This time vacuum w~s
applied until a.llvisible water had disappeared. (If
natural drainage was allowed to take place,
depending on the uf!f ratio, the process could take
up to two hours or more.)

G Five increments were aga.in drawn across the diameter
of the Buchner funnel for moisture and bed depth
determinations.

7 After weighing the t:ot~lnet mass of the system (the
mass of the Buchner funnel with the filter paper was
measured before the test) the double bed was
thoroughly mixed manually for 10 minutes.

12



levels
Experiment D & E :
testing for the minimum vibration time required for
seccndary dewat®ring to occur with certain fixed starting
moist.ure levels
2.1 : Experimental Procedures
Coal used : coals from Goodehoop Colliery, Amcoal
F~nes : Fordert.echnik screen product
Ultra fines : thickener product.
The particle size distributions of the Fin,~s and Ult:ra
fines are tabled below.
As is commonly t.he case, th(flactual size analysee of th6i
material from the colliery do not exactly confirm with
the definiticms of fil'l.eSand ultra fines. However, from
the tables it is obvious that the 1 fine I coal used
consists mainly of + 150 urnmaterial and the 'u:Ltra fine'
coal mainly of ~ 150 urn material.

'rASI.JE 2 ~1~A

t Particle Size Distribution of the Goodehoop Fines
Used

====~~~==~T_-===4==-===n_=---=r'~===-========~==~========~
~~Ie classes (um)
'r 500

~ particle s:i.ze dis_tribut~ion
39.84

==. ,= :;;-:=-

~ 500 -I< 150 54.39
w 150
Total

II; l?article Size Distribution of the Goadehoop Ultx:a
lfil1.el3Used

- 212 + 150 6.95

"",~=~~,;;::;q~~_""":_=~.,"".==========,=~,_""_=_",,,_;,,,,=~~__O='_ 3"",. ~='==== ,~_~~_~~~=:j
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CHAPTER TWO LABORATORY~SCALE TEST WORK -
EXPERIMENTAL METHODS,
DISCUSSION AND CONCLUSIONS

Sununa.ry :

IJaborat.t:n:'Y~scale test worle was performed to teElt t.he
concepts of the new technique viz. i

A: The cake of the fine coal formed on 'ehe dewater.ing
screen can be used as the filtration medium for the
ultra fine slurry, The excess moisture will filter
t.hrough the medium leaving some oj; tl'Hil ultra fine
particles retained within the cake. Theoretically
this will yield a double~layer~d ~3tructUl:ewith most
of the ultra fines t'email'lin~fon top of the finr::acake
and the excess water frrlm the ultra fine slurry
draining tluough the coal particm.late sytltem. Most
of the materiaJ. should l:;it!l retain®d at tl'l.is stage due
to the stat.ic nature of the !Jaboratory scale Elet~up.
This double layer formation stuge is also referred
to as the primary dewatering stage.

S Thorough mlx:ing of t.he double layer will yield a
coal particulate st.ruel:ure with the ultra fine
particles occupying the voj,ds within the filte coal
cake , This structure has 1e139available space for
waL':er retention and ccnsequent Ly is easier to
dewatfiir,

HoweverI as tb.e ul t.r~ fil1El content. increases I a
sat.Ul~at.ion point will be reached ill which fl'~st:. of
the tI'vailabl(~ 'Voids within t.he mass will be occupied
by the ultra fine particles. Al'l.y further increase in
the ultra fine ccncent; aft~r tlle sat.urclt.:i.on point
will only increase th.e moistureeholding potential of
the mixture because of tlle increased available
surfc~ce area.

The d~water.ing stage of the fine and ultra fine
mixture is referred to as the secondary dewatering
stage.

'I'he follmd,ng five ')sts of exper:i:rm:ll'lts were performed to
test the above concepts.

g"perimen b A :
to teat aoncept A, B.
Experiment B Q C :
to tt:\\st concept; B with certain pre~deterltli1'led moil3ture

:to



( A )

( E )

( C )

1.8 :

Instead of being sent t.o the slime dams and
subsequent.ly discardeld, the ultra fines can be
beneficiated through froth flotation and then
the new technique can be applied to reduce the
final moisture level of the product.
Consequently ultra fines w~.th low ash values
can be recovered and blended with other
products for sale.

In terms of capital, maintenance and operating
ooacs the dewatering screen is a much more
attractive aj,ternative option than f:t1ter type
equipment.

Fines and ultra fines are dewatered
sinmltatl.eously. Tl1is implies possible saving
Ln terms of less equipment required and
~implified plant operations.

Experimental Procedures
Laboratory scale test worle was performed to test the
feasibility of the concepts on a small scale (Chapter
Two). Based on the results of the laboratory scale test
worle, a pilot plant was designedl constructed and
oommissitmed to test the new technique on a much larger
scale. (Chapters Three and Four) Recommendations were
based on the experimental rt.':lsult.

1.9 : Struc~lre Of The Dissertation
dissertation consists of five chapters. Except for

ohapters one and five, \:,h9chapters commence wit:.ha short
SUmtt\al~yand finhh with a oonclusion section.

'11he head;!,ngs of the tables and graphs follow the
numbering of the seccion in which they appear, e.g. all
tables p',!d graphs of Chapter Two, seet.:l.on One (::l"l) will
be c~'~ed Table (Graph) 2~1=X.
.oU(:J to the large amount of data gat11ered and the
au!' saquent; analyses performed, the detailed results will
be included in the fOl~ms of appendices with separately
nu Inhered pages.

9



within the mixture, thare will be a saturation point in
which all the existing voids withirl the coarse coal mass
has been occupied. After that, any further increase in
the ultra fine content will start inoreasing the
moisture-holding potential of the mass again, due to the
additional available ~:!!rface ar~as for moisture
adsorption provided tli~ t free I ultra fine particles.
Therefore the mass ratio of ultra fine contp.llts is very
important (referred as ratio of uf/f) .

'!lhorough mixing of the 'double 1ayer" is required to
ensure that the voids within ar!ii occu:~-:iedby the ultra
fines. The 'mixture' will then L~ treated in a further
dewatering process to reduce the f'i.nal moisture level.

A short review concerning 1.6.1 and 1.~.2 is contained in
Appendix G.

Dewatering the fine and ultra fin~ coal
simultaneously

By applying concepts 1~6~1 and 1-6~2, dl1matering of the
fine and ultra fil~e coals will occur simultaneously
rather than separately as practised conventionally.

1.15.3 :

1.7 a ~ropoaed New ~echnique
'1'he cyclone underflow (:fines) will go through the
ccnvencacna; dewat9x.'ing route ~ namely the deWatering
screen. The thiokener product; (the ult.ra fine slurry)
\'1il1 be g'tiintly il'ltroduced onto the cake of fine coals on
t.he dewatering soreen to form the double layer. This step
is performed on the dewatering screen since natural
drainage would take far too long.

Aft.er t.he filtration stage, the double layer will be
mixed thoroughly 1::0 produce a newmixture with even lower
moistu:re~holding potent.ial. The 11e"'?mixture will t:.hel'lbe
rei:l.'lt.roduced to the dewatering sceeen :for seccndary
deWatering. Since the moisture-holding potential of the
new mixture is expected to be lower than that of eit.her
of its parent components, the product of the secondary
dewatering should, theoretically, produce an even lower
moistu:t'e level than of tlle Inormal product I obtained by
the same dewatering procedure.

'rhe aim of the proj ect is to aohieve the aforementioned
effects by modifying the usage of the dewatering screen
rather than modifying the structure of the dewal~e:t'in9'
screen whioh is dynamd.cal.Lybalflnoed. If the concept
proves to be feasible up co an illdustria1 scale I then the
new technique offers several attraotiV'e advantages :

a



1.6 Basic Concepts Involved In The Proposed
Techn.ique

1.6.1 The f Lne coat cake (product of the norma;
dewatering screen, 22 , to 30 % total
moisture) can be used as a filtrati.on medium
for ultra fine slurry (thic]<ener product, 35 'Q<
solid) .

the ultra fine slurry will be introdUced gently onto the
existing cake of fine coal; the excess water will filter
through the fine coal cake leaving the ult:r:a fine
pa:t'ticles on top of the fines. There will be some
pe11etration of the \.tltra fines into the main cake
structur~. However, it is expected that a relatively well
defined double-layered structure, with the upper part
consisting ma:Lnlyof ultra fines and the bottom mainly of
fines, will be obtained.

This concept was applied in the U.K. in the 1950'~ on
sl:Lghtly coarser coals ( Horsfall (:I)).

By mixing particles of different sizes at
appropriate ratioS, a neWmixture with lower
moisture~holding potential than that of either
of the two original components will emerge

'this concept was investigated extensively as early as
18.99 by German scientist Slichter, who produced an
extremely elegant mathematical analysis on the subject;
tl'lis was later 'further extended by Graton and Frazer (4)

in 1937 and Heywood(Sl in 1946. In 1957, C.C. Harris and
H.G. SII11ch (6) of U111ve....~:tty of Leeds publ ished a l')aper
relating the concept to the moisture-retention prope:et:Les
of the fine coals.

1.6.2 :

Convincing as the mathematical al'lalyses of packing of
spheres may be, When applied to practical situations,
few yield realistic predictions. 'l'he reason is tht:tt in
order to pe~form theoretical analyses, the authors had to
assume 'packing conditions' such as the ways
(combinations) of pacldng I dimensions of. particles I

shapes of partic:los etc. AS a result I the models obtained
are often 'special cases' rather than general and in
reality each packing is different.

However, ~he essence of the concept is actually quite
simple. By having the uJ.tra f:1.l1eparticles filling in the
\/'oida amongthe fine pat·t~icJ.es,.there w~.ll be less spaces
availt:lble for moisture retention hence the easier the
dewatering process.

HoweverI with the increase in the ult::t:a fine content:
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5 B ~.; the sulphur content varies from O. 6 ~.; to .2. 2 ~.,. the
CV value ranges from 15.0 MJ/kg to 26.S MJ/kg. Of tllis
material, .2 Mtpa had a CV in excess of 22.0 MJ/kg, Cl.sh
content 6 % to 23 , and a sulphur content of 0.55 t to
0.85 t. Eight coUieries between them produced 75 %' by
mcU3S of the tot.al slurry discard ( Horsfall (1»)

Dumping is not only a waste in terms of a loss of uf:leful
energy resources, but also in terms of polential revenue.
The slime dams also require huge amounts of capital for
construction and general upkeep. It is also a potential
environmental probl~m.
1.5 : Aim Of The ~roject
Most of the export steam coal is sold at 6300 Kcal/kg on
a gross as received basis. It is obvious that the
external moisture concent; is critical in meeting this
quality requirement. The coal used for all the test work
was from Goedehoop Colliery. Goedehoop steam coal
typic-ally has an inherent moisture of 2.5 % with a CVof
28.0 MJ/kg air-dried. To meet the requirement of 6300
Kcal/kg gross as received, the external moisture of the
product must not exceod 8.0%. To combine fine and ultra
fine coal ( = 0.5 mm coal )to the export product to
attain the optimal yield, the external moisture and CV of
the combined fines and ultra fines must be taken into
account. The fines from FordertechniJe screen typical.ly
has 21 ~o to 28 % moisture. Ultra fines from thickener
typically is a slurry with 35 % solid. It is obvious that
combining these high moisture level coals in the export
product wj.ll set"iously reduce the yield of +0.5 mm coal
in order to meet the quality requirement.
This project looks at using existing dewatering screens
to economically reduce the moisture content of fines and
ultra fin~s to a level where they can be economically
treated further by other dewatering processes i.e.
thern\alor handled easily for disposal, thereby creating
11eWopportunities. For this purpose, the immediate target
would be to :r:educethe combined moisture contents of
fines and ultra fines to less 1:ha1130 !l; moisture. This
lower new moisture level then opens up new opt.Lone for
easier and cheaper treatment.
IJaboratory scale test work was pe:r,tll'n:-medto test the
basic concepts involved. Based on these findings, a pilot
plant was designed, C0l1St:ructedand commissioned to test
the concepts on a much larger scale.
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Summary of Available Dewatering Equipment with
Corresponding Operating Ranges and Costs

- --
Equipment l'o.l:tiola "b,e 1111.... % sh .. I:/In: !lOll"•• c:'.pital "o.t O~I

liang_ llltn 112(1 of I annual. COIle R
pllod. ton !R) / ton

Il " II dcU:eon lSO-0.5 4'16 3.6*4.1 240 3 O'a 0.12 0.02
m

Ilae)c.t clOnt. :10 . O.S 5-10 1300 I!llII 120 50 (J'11 0.21 0.09

n... w.t.ar. 0.5'0.1 16-24 1.0· 3.7 50 5 o'u 0.21 0.05
l.Io:tQQn

1)011011 0.5-0.1 12-10 900 Il\lU 30 150 0'. 1.f31 0.39
Centll.

Rol: ...ey O.S·O.l. 10·14 10 I.'a 20 Vaouum 7.00 0.52
lIilt.1I-Db" ~·:I.1t811 0.5 ..0,1 10·14 10 m"2 2'/ VaaUutn 6.5G e .S6

BarIum Dod 0.5-0.1 0·14 1100*330 35 340Cl' • 0.:02 o .SS
C"tll:. 0

Uodl'lon Ildt: ~.S.O.05 9-35 120 tn'll 50 V""uum 5.95 0.4'1
,,:I.1ter

!loUd 1)0\1). O.OS-O.O 30·4.2 1100*330 20 GOOO"~ 10.91 1.09
cent. a -
Pr«ul. lli,lt: 0.05"0.0 20·3G 200011U11 10 . 1:1.46 2.72
lriltal'l

Pile •• rilt:.l'I O.OS·O.O ~6.30 '10 tn'2 40 - 10.04 1.60

l'l'Iam"Pl'l"'. 0.05-0.0 10-24 10S0 mA2 25 25 bill: 39 .un 1.70

AUtefil a,os·o.O 2~·~4 - S 20 bill: 11.00 3.0G
1>1.' ..... V . -
':t'<I!J ... Pr ... 0.05-0.0 12-111 U.S"31l1 ltl 140 bRr 10G.OO 2.90-- --
1I01e-!i'l.iahl:: 0.5-0.0 0-16 3 unit 35 . 111.10 3.20
bey"",

'l'harmd O.S-O.O 6-10 . 2U . 49.:11 I;' 04
Oey.1I -

1.4 Waste Of Useful Energy Resources Due To The
Lack Of Economical Dewatering Methods

Slime dams consist mainly of ultra fine coal and a small
percentage of fine coal. 'rhe dumping is matnty due to the
lack of economical dewatering processes for materials
with large specific surface area.

A survey of the South African coal industry in 1985
bl.dicated that 3.7 Mtpa of bituminous coal was being
discarded in the form of fines and ultra fines. The ash
content of this matericll ranges from G !Ii (very low I) to
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The feed to the plant reports to the;primarJ; wet sizing
scre~n. The overflow of this pr~mary s~zing stage
normal.Ly consists of particles greater than 12 mm which
normally is handled by a dense medium bath~type circuit.
The underflow (- 12 mm) of this stage reports to a
desliming screen. The overflow from this screening
operation (~ 12 rom+ 0.5 mm) is sent to the dense medium
cyclone ,.4 rcuit. The underflow of the desJ.imingscreen (-
o .5 mm i. e. fines and ultra fines) is separated by a
Classifying cyclone.
The underflow of the classifying cyclon~ consists mainly
of fines. This product can be upgraded using spiralS. The
spiral product is nortnaLl.y dewatered O1J the dewatering
screen to a surface moisture content of about 16 9.; to 24
~o• This product is then further dewat.ered by using
centrifuges co a final moisture level t", below 10 9.1,
depending on the operating conditions and equipment used{Du Preez (2»).

The overflow of the classifying cyclone consists mainly
of ultra fines (- 0.15 mm) . Due to che relatively large
speCifiC surface area of the material, it is much more
difficult to reduce this material to acceptable moisture
levels. Due to the prohibitive costs involved in reducing
this size fraction's moisture content to acceptable
levels the common practice is to concentrate this
material in a thickener. The slurry from the thickener
underflow is pumped to slime dams for water retrieval. In
some cases the thickener products are treated in filters
to yield products with moisture levels within the range
of 8 % to 35 % depending on tll.eoperating conditions andequipment used (Du Pree:::(~)).
The smaller the particle size, the greater the specific
surface areas open to the actions of the adhesive and
cohesive forces holding the free moisture. It is obviQUS
then that the smaller the particle size, the greater the
ellergyrequired to remove the surface and free moisture,
hence the greater the costs of dewatering equipment and
operation. '1'he following' figure and table clearlyillustrate the point (Du Preez (2)).
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Figure 1-3-A
Conventional Path of Fine and Ultra Fine Coal in a S.A.
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CHAPTER 1: INTRODUCTION
1.1 Definition Of Fine And Ultra Fine Coal
The convention used is baaed on the one made by Horsfall
and Franzidis in 1988 (1) i fine coal being between 500 um
and 150 um (0:1:' between 0.5 mmand 0.15 rom)whereas ultra-
fine cOdl is less 150 um (or 0.15 mm).

1.2 : Origin Of Fine and Ultra Fine Coal
Coal fines and ultra fines arise whenever coal, which
often is a very brittle material, degradates. Mode:t.:n
mining and beneticiation methods are prone to generate
ever increasing amounts of f~.nes and ultra fines.

The amount of fines and ultra fines present in run of
mine coals are complicated fUnctions of parameters such
as the nature of coals (e.g, porosity, hardness,
grindability, friability) and processing methods
errployed.

In S.A., it is estimated that between 8 %' and 12 ~i of the
feed to the pl~nt are reported as f~~es. It was further
suggested that of the order of 5C 9" more fines are
produced in the plant than indicated by conventional run-
of -mi.ne sizing analysis. This is because conventional
laboratory square-mesh sieves arE: used in the size
analysis of the raw coals wherens wedge wire scr-eena are
employed in plant (Horsfall (1))

1.3 : conventional Processing Route Of Fine and
Ultra Fine Coal And The Associated Dewatering
Costs

Conventionally in the coal preparation plant, fine and
ultra fine coals report to the underflow from w~t
screening operations. The following simplified flow
diagram illustrates the most common processing route
used.

1



Moisture Level of t.he :&'ina1Product for Experiment C

0.0 23.4 6.5

~.;moisture reduced
(aboolute, not
relat.ive)

ufjf ratio in
fraetion ~ final moisture

level

@ figures reported as average with relCttive standard
deviation in %
@ Star.ting moisture level before secondary dewateringis 29.B2 !Ii

Gr~tph 2"3-B plots the final moisture level vs uf/f ratio
from Table 2-3-B and 2-3-C.

Graph 2..3..8
% H20 VII Urlf ratio, c:.xp 13and C

~7 - 0 ,_"_" ~c~ __ ~~~_"o "_" __ ~_~~~ ~_oo_ ~---- ------

20

1U
lI(flall .. lfNdftllnfllkJ

The trend shewn in the above graph is interestillg. 'I'l'le
product moisture level of secondary dewatering decreasel:!
as the uf/f ratio inc:t'eases.This trend continues Until
the ratio of 1.0 (50 ~ fines and 50 ~ ultra fines)is
reached. At the ratio of 1.0, the moisture level was
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l;'lixture th@l'l.underwent the normal saccndary
dewateri1'l'1'routine. 'I'heresults cbt.ad.ned are presented in
the following table.

Moisture Level of the !<'inalProduct for Experiment. B

uf/f ratio in
fraction

~ moisture reduced
(absolutel not
relati"e)

~ final moisture
level

0.0 3.0 +~ 1.2 !If

0.2 4.2 +- 22.4 t

15.5
9 .6 +- 12.:1. !Itt

S .0 +- 0 .2 !l;

1.0
2.5
5 .0 22 .2 +~ 1.0 Ij;

100 !(; ultra fines 23 .~-.I<~ :3 .4 !k~~--. ~

@ figures reported as average with relative standard
deviationl,j :i.n%

@ Starting moiE:!turelr.:Jvelbefore secondary dewatering'
is 29.82 !if
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2.3.2 l Product moist.ure level after secondary dewatering

From Table 2-3-A, it is obvious that the mixing of the
double layer product and subsequent secondary dewatering
further reduced the total moisture level. The following
graph plots averclge ~ moisture levels Df double layer and
secondary dewatering product vs uf/f ratio from Table 2-
3-1\.

Graph 2...3..A
% H20 vs Uflf Rotlo, expo A

.. ..
..

10
e 0." 0.0 1.2 1.01

lIf(IlII~dlll1<1lt\lI" rnUo
0.2 1.0O.G

It:. is evident from the above g'l:aph that Idxillg' p:t'ior to
secondary dewatering indeed helps to further reduee the
moisture level of the mixture as predicted. However it is
also demcJnst:t'ated thtl.t '1ith varying starting moj,sture
levels (double layer moiElture lev~ls) I it is e-afficult to
obl:ain a trend relating tht\l product moisture level of
secondary dewatering to ut/f ratio.

'l'e;) il'l.vestigate the l:'elaticl'lship between the product
moisttu:e levels from secondary deWatering and the uf/f
rat',io, experiments Band C we;t'eperfol'1l1ed (for procedure,
see il<1. ~:1). Since the focus point is not the double
laYt.3rI t:he doulile layer fornlcll:.ion stage Was omitted. A
mtxeure of fines and ultra fines witll specific uE/f
ratios were mixed with water and the sealed system was
allowed to reach an equilibrium moistm::e level of 29.82
%'. '1'h:l.swas within the normal range of the double layer
moisture levels obtained under laboratory conditions. The



conglomerates into
dewatering stage.

Iballsl during the secondary

2.3 : The Product Moist.ure Levels Of Dou.ble Layer
And Secondary Dewa.tering Stages

Important. Results Concerning the ProdUct Moisture for
Experiment:.A

- - ~ ~ -- -'
uf/ii ra.t:io % final. lIloiut:ure la'\l'el % llloiuture level after
(in frnction) of ttouhl~ layer oeoondaryo dewatering- -
0.2 20.1.)+~ 6.87 % 13.2 +~ 1!;'7 9&

-

0.22 19.9 +~ 1.9 9. 16.13 +~ 13.5 1\1_ ..

0.25 24.0 4'~ l'1.B 1\1 17.8 += 16.0 %
-

0.29 21L6 +~ iL2 % 22.4 .j.., B.O %
_.-,-

0.5 2e.2 +~ 2.5 % 19.7 +~ 4.7 %-o .li7 25.1 +- :1 .9 % 15.1 +~ 29.2 %

l.O 25.1 +M 9.0 % 16.1 +~ 2Sd) %

1.,2 26.4 +~ B.7 % 20.\) +~ 24.7 %

1.5 22.2 17.7-
,2.0 26.0 += 11.3 % 15.(1 .j.~ 33.3 %

~. :r.::==-~'.--- ~ .,.,.

2.3, J. : ~ Moisture level of double layer

In Experiment A, the ultra fineS slurry (20 !It 8(;)lid) was
int:t.'oduced gently onto the fine coal cake (moisture
concenca between 20 %' to 3U !Ii) to form the double layer.
E1xcessmoist:uI'e was removed by t.11.ec\pplicat:.ion of vacuum
for 10 seconds. (natural drainage took far too long,
section 2~1":l. ; experimental procedure f(',r Experiment A) .

It is appat'eItt from Table 2~3~.1\. t:llat w:l.thin 1::11.erange of
uf/f ratios tested excaSB water can always be drained
away from the double layer leaving the double layer with
a fillal moisture content less than 30 rJ. The important
Lssue hare is the drailmge time required to acli.ievl':l
aceeptablt:l final moisture contents under normal operating
conditions. Natural drainage takes too long but vibratory
motion of the dewat:er111.gscreerl is expected to increase
the rate of drainage considerably.
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Graph 2..2..8 : % Total Retention vs Uf/f
after secondary dowaterlng ( average)

o O,G M I 1.2 U
tJrtrftlr'lkMd nlil" mUo

Gra,ph 2~2...B and Table 2~2-A show a trend that with
increasing uf!f ratios the less is the total retention
value. Tl'l.is trend continues unt.il the ratio of around
0.67 is reached (equivalel1.t to 40.1 !1r ult't."&'l.fines and
59.$)%' fines) with a corresponding retention value of
70.7 I'.;. After that thGJ retention values appear to
increase slowly again. The highest. ratio l.ested was 2.0
and this was equivalent to 67.0 !ii ultra fines and 33.0 !);
fimlls.

The 111crease in the specif~.c area with increas1.11g ult:t:'a
fines content is probably responsible for this phenomena,
the logic being that as t.he specific area increl";ses
wi'cl"l,in the particulate system the adhesion forces
Lncz'ease resulting in a lower loss of the minus 150 um
particles.

ASmentioned earli®t', the dync\rnicsbetween the lJaboratory
scale vibratory screens and normal industrial det<"atering
screens are very differel1.t. The poorer results obtained
from tlle laborato:r.y scale tests were p:r:obabl.ycsuasd by
the breakage of caketl taldng L:;)lace'inside' t.he SOrl'l:lel'l.
This is not expected to occur on il"l.dustrial dewatering
acraens tmder normal operat~:i.ngoonditions. In fact pilot
plant results show no J.ost::!at all of the g 150 urn
material during the t::!ecofid~·vdewatering stage. During
this stage, the free ",.;)vil1g' mi:1cture actually
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screen. Consequently the retention figures obtained would
be expected to differ from each other considerably. The
results obtained from pilot plant tests confirmed this.
Nevertheless, the results obtain from the laboratory
scale tests were reported in Table 2~2~A and the
following two graphs.
The following two graphs (Graph 2-2~A and Graph ~~~-a)
plot % retention of the total feed material after
secondary dewatering stage va uf/f ratio. (see also Table
2··2-A). Graph 2~.2~A plots the result of every test and
Graph 2-~~E only plots the average figUre for every ratio
tested.

Graph 2...2..A
% Total Retention VS Uf/f Ratio after Secondary

Dewatering', (all testa)

1!O"~""="I='- ~- l~-- 1~~=
o 0.2 0.4 0.0 0.8 1 U M 1.0 1.8 a u

urt IIINlrl.d 1M»,a!iQ
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The retention of the minus 150 micron fraction
during the double layer formation stage

Observations made during the experiments confirmed t.hat
it is feasible to use a fine coal cake (moisture contents
between 20 % to 30 %, see Table 2-1~A for particle size
distribution) as a filtration medium for the ultra fines
slurry (20 % solid, see Table 2-1-B for particle size
distribution) .

2.2.1 :

The retention of the ultra fine material during the
double layer formation stage was excellent with the
underflow slurry containing very little solid material (
ma.inly - 45 um) . The mass loss was usually in the order
of less than 5 % w.r.t. the original ultra fine Qass
content. This is not listed in Table 2M2-A.
As natural drainage is too time~consuming, use is made Of
vacuum to increase the speed of the filtration. 'rllefinal
moisture of:t.hE!obtained double layer Was in the order of
25 %. One would expect the retention of the ~ 150 um
fraction to be even higher should nacurat drainage be
allowed to take place.
The depths of the initial fil1e coal bed and the double
layer are presented in Table 2-2-A. It is noticed from
the table that the increase in the bed depth as the
r~sult of the introduction of ultra fines is not as high
as one expects. This is primarily due to the material
compaction caused by th~ applied vacuum. If natural
drainage w~re allowed to take plac~, the depth of the
double layer would be much high~r than the initial fin~
coal cttke. However, the table shows t:.h~trend that th~
double lay~r bed depth did increase with the introduction
of ul t.ra fines. Th~ increase in bed dept,h was increased
as the Uf!f ratio increased.
From the ohaezvacd.one , it is obvd.ous that fine coal cake
serves as a good filtration medium for ultra fine
retention.

The retention Of the minus 150 micron fractj,on
after secondary dewatering

'the aperture of the screen used during secondary
dewatering was 150 um , Since both the fine ccnt.ent;and
the ultra fine content contain g 150 um particles (Table
2~J.-A and 2"1~E) I it is difficult to determine from
exactly which constituent the - 150 um is lost during
secondary dewatering. Therefore th~ retention of the
total f~~d material is used instead.

2.2.2 :

However I the dynamics of the laboratory screen vary
greatly from that of the industrial scale dewatering

18



TABLE 2-2-A
Retention of the Feed in Experiment A

. -- --
uf/f ratio Bed depth of Bed depth of !l; Totalin fraction the fine cake the double retention of

bed illmm layer in mm the feed after
secondary
dewatering

0.2 34.0 +~ 4.2 it 34.5 +- 2.0 !1; 100.0 +~ 0 sa
-..

0.22 34.9 +- 1.3 t' 34.!il += 0.4 !'d' 100.0 +- 0 90'

0.25 33.8 += 7.4 % 32.2 +- 2.8 % 88.1 +- 6.0

0.29 33.9 J,... 5.3 9" 38.1 +- 4.7 $'& 82.7 +- 4.3 £lu

0.50 34.5 +- 4.9 $)U' 38.1 +- 4.6 % 75.7 +~ 8.9 !1o

o $7 33.7 += b.4 ~ 41. .9 += 6.7 ~ 70.7 +- 16.9 !i's

1.00 :a.3 += 32 .3 32.1 +- 41. 7 % 75.7 +.. 12.·1
1.20 18.4 +- S.2 26.0 +- 13.6 79.4 +- 9.7 9"
1.5 20.0 30.0 93.6
2.0 8.5 += 8.3 2:1..5 +- 23.0 % 72.7 += 30.0 %-.

N.B, average values with relative standard deviation in
IIIare reported

Note
1 For uf/f ratio of 1.5, the standard deviation is not

available.
2 For uf!f ratio of 1.0, the standard deviation is

high, tests for this particular ratio were not
repeated dUB to time constraint. However, special
reserved approach was applied when stUdying the
rE"'sults.
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pure ultra fines
:2 .1.3 : Experiments D & E
1: A pre-determined amount of air-dried fines and ultra

fines were thoroughly mixed. The ratio of ultra
fines to fines was fixed at 0.4 for these two sets
of experiments.

:2 1n Experiment D a pre-determined amount of water was
added to the mixture and the sealed system was
allowed to zeach equilibrium. The same procedure was
applied to experiment E.

3 The mixture was then introduced onto a 150 um
Labotec screen and vibrated for a given period of
time in a gentle circular motion.

4 The product and underflow were collected for
moisture and loss determinations (underflow).

5: prc)cedures 1~4 were repeated for different periods
of time.

2.2 U1 tra Fine Retention Properties Of The Feed
Material Of (I) Double Layer For.mation Stage
(Primary Dewa~ering Stage) And (II) Secondary
Dewatering stage

For easier reading, a very short description of 2.2.1 and
2 .2 .2 and important data are listed below before the
commencement of the actual sections.
Section 2.2.1 deals w:i.ththe double layer formation
st1:\ge
'rests were performed to establish the feasibility of
using a fine coal cake as a filtration medium for the
ultra fitl.eslurries. With the gentle introduction of
ultra fine slurries, most of the ultra fines were
expected to remairl on top of t.l'lefine cake. Small amounts
of ultra fines would be filtered through into the fine
caul caka , The excess water from the ultra fine slurry
should be drained from the coal pa:t:'ticulatestructure. At
this stage, the retention of material is expected to be
high due to the Static natura of the experimental
conditions.
Section 2.2.2 deals with the ultra fine retention after
the secondary deWatering stage
'thefollowing table lists the important results obtained
from experiment A concerning the above two points.
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9: Procedures 1 - 8 were repeated for the following
ultra fine to fines ratio ( dry mass basis )

0.2
0.22
0.25
0.29
0.5
0.6'7
1.00
1.20
1.49
2.00

2.1.2 : Experiments E & C
1: Pre-determined amounts of air-dried fines and ultra

fines were mixed thoroughly to produce a homogeneous
mixture.

2 A pre-determined amount of water was added to the
mixture. The coal and the water were thoroughly
mixed and the sealed system was allowed to reach
equilibrium.

3 r.rhismixture was then introduced onto a :L50 urn
Labotec screen and vibrated for 20 minutes in a
gentle circular motion.

4 The product and the underflow of tli.escreen were
collected to determine the mcdacure level and
material retention.

5 Procedure IS 1..4 were repeated for the fClllowingultra
fine to fine ratios.

Experiment B
0.00 (pure fines)
0.20
0.40
0.50
1.00
2.50
5.00
pure ultra fines

Elxperiment C :
0.0 (pure fines)
2.00
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8 The mixture was then introduced onto a J.50 um
Labotec screen and vibrated for 20 minutes in a
gentle circular motion (see following diagram.

The entire screened product was caken out for
moisture determination.

___,
supportive
structure a~~ached
to motor

circular motion

Figure 2-1-13 Vibrating Screen
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ultra fine slurry

fine coal cake

vacuum

Figure 2-1-A Buchner Funnel Set-Up of Experiment A
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FloWBheet description

This is a closed-circuit operation with re-circulating
streams.

Mate:l:'ial from the sump (unit 4) iEl mixed thoroughly by
the stirrer and the turbulence caused by the five
ratuJ;'l1ing gravity-fed streams t.o the sump. '1'11eretu:r:ning
streams are: screen discharge (No.3) I screen underflow
(No.4) I outlet streams of flow rate setter No. 12 and 13
and thic]{ene:t' overflow (No.9) whdch wl'lShes the screen
discharge down the pipeline. The sump has u.""1y one outlet
stream (No.5) which il:1 pump-fed to the 1.1' l'lsElifyi1'l.g
cyclone (unit 2) .

'1'11e two outlet: stream!:l of the cyclone are cyclone
undarflm'1 (No.6) and cyclone overflow (No.7). Cyclone
underflow is gravity fed to the flow rate !:letter (unit G)
and split: into t.wo streams ~ No.1 and No. 12. No.1 was
the one with the set flot" rate and was therefore gr(;l\I'ity~
fed to the dewatering SCreElrl. No.12 was g:r;'avity~fed 1'"
the screen discharge collecting pan and was washed de •
to the sump with thickener overflow (No.9).

Cyclone overflow (No.7) was fed to tha thickener by
gravity. nurillg tl1a run flocculallt (No. 11) was dosed to
the tbJ.cl<:ener at a ccnetianc rate (see Appendix C for
det.ails of flocculant dosage calibration). There was
alwaYB more than 1 ton of material present il"l thEa
tl'l.icJ<:ener during the run to maintain a steady state
condition in case of temporary ~hortage of flccculant.
'rhicl~ener product (No. S) was pumped up to tlle flew rata
setter which split the etl:'eams into two streclms No.2 and
No. 13. No.2 was the one with t.he desired flow rate and
was t.l'la feed (by gravity) to the thickener !n~oduct
feedil1g pan, unit 7, t'lhich hung above the screen. 'I'he
ultra fine ISlul"ry was gravic:y~fed te the 1:i1'}.ecake
counter-currently at +- 20 cm near the screen diecharge
end. No. 13 went t:llrough the same routes am NO.12 .

'1'he screen dischar~je (NQ.:3)was collected in the seraen
discharge collecting pan. This strelilm was joined by No.
12 and l~o.:l3; all were washed down.by thickener ovel:'flow.
'1'11escreen ulldarflow ( No. 4: ) also returned to the sump
by gravity.

'I'he above flow~sheet def:lcribeti the set~up used during \:;he
primary dewatering. Since there was only o~e dewatering
SCt'8®11 available I mixing and. seccmdar.l' dewatering
procedurer:l were performed separtttely and bE1.tch~witleai;!;er
the complcltion of th(.llprimary dewat:e:dug stage (see also
3~2~2 : Test procedures) .



Sampling Points and Flow Rate Meat3urement Points of
Pilot Plant:.

Sampling
Stream

Sampling Device

No.3 screendischarge

Sampling and Flow
ltate Measurement
Point
screen discharge
emd

I§pecially~madu c<.:Jtltainer
with width slightly widerthan that of the screen
di@cl'l<$l.x·ge e;1d.,

No.4 screen
underflow

bucl<:etvulve underneath
the collecting
}:Jan!-,·------~.;;;;;;;;:;--.....--"""""'=---+-------------__ll

No. 1 cyclone f;L"omflxi. pipe
underflow aft®r the flow

rate sec,'t':!l'JX',.._..~......-~~;;.;;--;.....-.._..~I---·--------"""""'=--~I

No. S f<tl®dto .tlump
",Ql.gl:9J.l~ ,,=-_;;::: ~~'-=~:r~===':=-":;:;:'-;l:l'~"'-"l!-"" :::;;.'-~;:;-=-=~::;::;;;:;--~.::;::-=.. -::.:;-:;::;-';:;;;;-'''-;:::;;~.:;;;'::;::-::;::--;;;:;.~::::.-::;:;:.~

No. :2
t:.hiokel'l.er
product.
No. 7 cyclone
overflow

flxi. pipe afterthe flow I'atesetter
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Tabl~ 3~1-B : Pilot Plant Flow Stream Numb~rs

Stream No. Stream Name DE;lEH::ription .

1 cyclone underflow 45 ~ to 55 ~ solid
( fines _) slu~:ry : +- 3 ~5. til'lrF·---------=-~~~~~---------~~~~~~=-~~~~=-==--~I

:3 thicJeener product 30!~ to 35 ~ solid
( ul trti fines )

3 screen discharge 4~ 25 ~ H2O : +~ 1.5 t/hr
cake
4~ 80. s:; H2O ,.....,_~~ ....._

+~ 10 % to 15 !'J solid
screen underflow

.~- 0=-'51';> -_-- :-- ¢' - _-

~_____ fe~d to ~yc~9~n~e__ ~ __ ~~~~~~~~~~ ~1

(5 cycl0l1e und~rflot'J'_ -
7 cyclone OV(!:Il:fl~w. .. +~ 95 %' H20
8 thickener p:t:oduct --
9 thickener overflowI~-----------+~~~~~~~~~~r---------------'----------~I
:1.0 thic)<.enerproduct
11 flocculant by special pump

addition
cyclone unde.rflow
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Table 3~1~A : Pilot Plant: Unit Numbers

Unit No. Unit Name
Fordertechnik
dewatering screen

1 7 304.8mm * 304.Bmm panels
first three : 500um
other four : 300umI~------'-=~--~--'-=-=-----=-+~~=-~----~~~~-----=-=-~classifying 050 between 150 um & 212um at.

~,}rolonEl. 45 ~" to 55 ~ Elolid in u/f ..~-'~----~~~--~----·----~-+----~~--~------~~~~--~I
thickener

:2

4 SUlm2_

5 aai,a feed tank

i

maohanical feed sat feed rata of fines and
r(.tte satter ult~a ~.i!-nea
ultra fine slurry provide gentle feed of ultra
feeder fines across the screen width1~----4-;..;;...;;...;.;..:;..._~-~------t--.;......-·,- ,- '
pump

9
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3.1 Piloh Planh Set~up And Flow Sheeh Description

<5>

Figure 3..1..A
<7>

a., !<11:>:
Flocculant

<9>. t. n ",,,",, ••
col elliS pall
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CHAPTER 3 PILO'l' PLANT TEST WORK

Su:aunary :

Following the encouraging results obtained during the
laboratory Eldale test work, a pilot plant was designed,
constructed and commissioned to test the concepts on a
larger seale.
The pilot plant was set up to determine the following
functions :

test tl"lefeasibility of using the fine cake (cycl.one
underflm.,) as a filtration medit:ur.for ultra fine
slurr.y (thickener product)
perfOl:.-mtests du:dn.g a continuous primciCY dewatering
procElss
perfOlim mixing and secondary dewatering stages
batclJ.w:ise

T.his chapter details the setting up Of the pilot pl;:l.nt
and the experimental procedures followed.
The three main sections of this chapter are listed as
follo\."s:
3.1 Pilot Plant St3t~up and Flow Sheet Oescription
3.2 Experimental Methods and test. Procedures
3.3 I sampling Scheme and FJow R&te Measuremt:lnt

Scheme
For the machcds of s<;\mple preparatil'm, analyses of
moisture, part:i.cJ.esiZE! distributioll, ash C01'lt911t,dat~a
smoothing and daca i';ul&lyses,please refer to the
following : Appendi% A, Band C. For det.ailed data for
each test pleaFlEl:refer to Appemdix 0.
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The ncrmat residence time of material on the dewate:dng
screen is usually less than :2 minutes. Experiment D and
B were performed to investigate the minimal time required
tc. achieve acceptable results during secondary dewatering
(section 2=4). r.rheresults obtained show that with an
initial moisture of 29.82 ~, half~a~minute was all that
was required to reduce the moi~ture content levels to
similar levels achieved with u laboratory vib:.:atory
screen (around 22.0 ~). After that, no further reduction
of product moisture level was observed.
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pilot plant conditions the vibratory action of the
dewatering screen should further aid the drainage rate.
However, the additional rate of the ultra fine will be
limited by the residence t Lme (hence filtration time)
available of material on the dewatering screen.

The benefits from mixing and secondary
dewatering

Observations and results obtained indicate that mixin~
and secondary dewatering does reduce the moisture content.
even further (section 2-3-2, Experiment At 13and C). The
reduction moisture levels achieved was between 3.5 % to
15 , (absolute) depending on the testing conditions.

2.5.2 :

Experiment 13 and C were performed to investigate the
relationship between secondary dewatering product
moisture content and uf/f ratio. The results obtained
indicate an interesting trend. The moisture level for all
tests prior to secondary dewatering was fixed at 29.8 ~
which falls within the typical moisture range of th9
double layer obtail'l.edunder normal experimental
conditions. Initially the modscure level of the secondary
dewatering product decreases with increasing uf/f ratio
until a ratio of 1.0 (50 ~ ulr~a fines and 50 % fines) is
reached. After that, the (~\.:listurecontent increases
Slightly with increasing uf/f ratio.
Under the conditions of EXp. 13 and C, indications art:!!
that when a ratio of 1.0 is achieved, the saturation
point has been reached. Before the saturation point was
reaChed, the ultra fine particles continued to fill ehe
voids within the mtxcure thus reducing the moisture
retention ability of the mixture. Consequently the
product moistulA€! content decreased as the uf/f ratio
increased. After the saturation point was reached, there
were no more availab:Levoids for the ult.ra fine particles
to fill in. Thus the 'freel ultra fine particles added
provided extra surface areas for moisture adsorption
which resulted in increasing the moisture retenti,on
ability of the mixture again. As a result, the product.
moisture started to increase as uf/f ratio increased.
'thesaturation ratio of 1.0 was deduced from the results
obtained under the specific conditions of EXp. Baud C.
This was a special oase and results obtained should be
used for reference only. With the laboratory conditions
differing greatly from those envis~ged on an actual pilot
plant, even though the COr'A"'lPr. remains the same, it
prohibits direct scale~up ci, results obtained during
laboratory work. 'l'hUE!results will be used for reference
purposes only.



Studying the above tables and graphs, the following isderived
( 1 ) :

( 2 )

( :3 )

The final product moisture level of Exp. D is
higher than that of EXp. E due to its higher
starting moisture.
I11 Exp. D, there seems to be no additional
moisture reduction after 10 minutes of
vibration.
For Exp. E, there seems to he no additional
moisture reduction after 0.5 minutes of
vibration.

The 20 minutes screening time used during laboratory test
work was excessive as 0.5 ,\inuteswas SUfficient time to
achieve fi11al moisture of less than 30 ~". Additional
screening was of little benefit in further reducing final
moisture. This was attributed to the weak vibrational
forces of the laboratory screen.

Conclusions
The resul ts obtained were encouraging and subsequently
work. commenced on the pilot plant scale.

The feasibility of using a fine coal cake as
filtration medium for ultra fine slurry

Under the laboratory scale testing conditions, results
obtained indicate that the fine cake (moisture level 20
!l; to 30 l!;) is a good filtration medd.um for the ultra fitle
slurry (20 % solid).

2.5.1

Under the static conditions experienced under the Lab.
scal~ test work, the retention of the - 150 um fraction
throughout the uf /f rf~nge tested was high. The material
filtered through was mainly - 45 um and the amount
constituted lesB than 5 , of the original ultra finea
added (section 2w2-1). Most of the e~cess water from the
ultra fine slurry was drained out to leave a fine and
ui tra fine coal double layer with moisture concene c
between 20% to 30% (section 2~3~1).
'rhe important parameter here is the m~,nimum required
dt'ainage time. 'rests showed that t.o achieve a double
layer with moisture levelS between 20 % to 30 %, using
natural drainage, cakes at least two hours or more
depending on the uf!f ratios applied. Subsequently vacuum
was used in the laboratory to speed up the filtration
rate at the expense of losing relatively small quantities
of - 45 urnmaterial with the excess water removed. Under
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Graph 2..4...A
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TABLE 2-4-8
Results of Experiment E

-
vibration time ( minutes ) product moisture level
20 23.58
18 23.46
16 24.46
14 24.69
12 24.16
10 24.00_.-. --
8 23.81
6 24.02
4 23.04
2 25.39
1 21.97
0.5 22.19 - -

@ Starting moisture level 29.B2 % ( similar to the
moisture level of the double layer )
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reduced from 29.8 % to 21.2 % which corre~ponds to a
total reduction of 8.6 % (absolute). After that the
product moisture levels appears to Lncner.se slightly with
uf/f ratio. At the last point w'1ere no fines were added,
the final moisture content was 21.8 %.
This seems to indicate that under the specd.f i.c conditions
of experiment Band C, the saturation point is achieved
when a ratio of 1 (ultra fine : fine = 50 % : 50 %) is
reached. Thus what is theoretically predicted to occur
seems to be borne out by the findings from the above
tests.

2.4 : The Minimum ,L bration Time Required for
Secondary Dewatering'

In EXp. A, Band C the vibration time (gentle circular
motion) of the fine &: ultra fine mixture was twenty
minutes. HoweverI the normal residellCE:' t, ime of material
on a dew"1.tering screen is less chan :2 manuces. Exp. D and
E were therefore performed to investigate the .ninimum
vibration time required to yield a product with a
satisfactory final moisture level. The starting moisture
level of EXp. D was 70.0 9.: (a slurl.Y) and for EXp. E was
29.82 %. The uflf ratio was fi~ed at 0.4 (28,6 % ultra
fine and 71.4 , fil'l.es) for both expexdrnent.e. For the
experimental procedures please refer to section 2-1-3.

'rhe result of experiment D and Ii: are listed in tJle
following two tables (Table 2~4~A and Table 2-4-B) and
graphs (Graph 2~4~A and Graph 2 ·4-B) .

TABLE 2,4··A
Results of Experiment D

25.95

10 ~7.GG

vibrAtion tiM" ( minUbu )

20

111

16 30.42~-----------------------------+-------------------------------II
14 2'1. asI~-------------~---------------~~~~--------------------------~I

:aO.35

o
32.00

30.69

:=

Starting moiature level 70.0 %
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4.1 Secondary dewatering stage

No materiell was lost; at all during this st.age. The
average moisture level of product from pri.mary dewatering
'\I1a~ around 25 fit I 1.e. basically caks , During secondary
dewatering I conglomeration of coal particles occurred
leading to the fOl."mationof small round conglc:rLnex'atesat
the begit111ing of the screen. No material loss was
observed.

4.2 Prl"Jduct Moisture Levels Of (1:) Primary
Dewatering Stage (Pouble r~a.:yer Sta.ge) (II)
Secondary Dewatering Stage

'l'he following table lil3t13 all the important results.



I!; ~ 150 um fi1al:.erial and judging by the relatively small
uf/f ratio possible due to the litnits imposed by the
aVailable filtration time, it is easy to understand why
the !t; of 150 um material does not increase
significant.ly de!3pite! the relatively high correl'Jponding
rete311tion value.

With the existing sel:.~up for ultra fine addition in th~
pilot plant, the ultra fine slurry was able to travel
from the point of :tddition for the lengths of three
pane l s i. e. 0.9 m before reaching the region with no
aVailable filtratic,n medium. 'l'his set~\lp provided
sufficient filtration zone, aOfidequently Bufficient
filtration time, for up to 0."1 t/11r of t11icktmer product
(at 30 % solid gives 0.2 t/hr ~olid). A11d63.0 ~ of the ~
150 urnmaterial from the thickener product was recovered
under these operating cc:mdit~ons . The corresponding uf/f
ratio ill !k here was in the region between 10 !if to 15 lii'.

'X'h@ capacity of the normal il1dustrial dewlEltering screen
is SO t/hr with dimensions of 1.9 m 'Ii :3. i m. '1'he
ddmensd.on of the pilot plant dewateri:nq screen was 0.:3 m
'1<' 2.1 m hence the area available is only $).4 !{; of the
industrial scale screen. For a nozma ; plant feed of 1200
t/hr coal, assuming 5% fines, tl'lere would only be 144
t/hr fines loaded to the dewatering screen. Allowing for
misplaced material, one can assume that 190 t/l1.r coal is
loaded to the dewatering screen. Six ind\'H:ltrial size
dewatering screens would offer 300 t/hr prClcessiIlg
capacity therefore the extra e;:;tpacity 120 t/llr can. b(~
used for the ultra fines addition. 120 t/hr is 10 • of
the plant fEled of 120l t:/hr and in reality the ultra fine
content 'ill the feed to the phm.t should be much lower
than 10.0 !li, NOJ:lnallythe design aims at 3.0 % u1tr\:;\ fine
concenc in the f(~ed to the plant. With tht:l much larger
area of the industrial dewcll:.e:eingscreen, the recentitm
of the ultra fixles should be much higlter chan thEl 63. 0 ~,
obtained in the pilot plane.

BaSed on the figUl:e fronL DU Pree2 (3), the dewatering
acraen t'uxming ccst 0.26 Ric (capital + operating)
with a capaoity of 50 t/hr. 1'he hor:i.,:Ilontalbelt filtElr,
on the other h(;l.nd,i8 R 6.3g/t fC'lra capaod.ty of SO t/hr.
'rhe cost is 24 times greate:t' than t.l'le cost of the
de\<JateI'ing SereEl11. By using less than 6 d(llWc\tering
!:lereel'l13, it would be pOI:l!:Jibl(i) to reduce th~l moil3ture
content of the ultra fines ttl c\ reasonable level at a
lower eOl;lt than using the bel t, fill~er. Operation~wise I a
belt. f.ilter is also more difficult to opEl:t;'ate
effieiElnt.ly.
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Graph 4..1..A
% Retention vs Uf solid In tlhr

!~romt;,h~grap11 it. is clear t.hat the h:Lgh€lrtIle ultra fine
addition rate, the less t.he retention of the ..150 um
material from the ultra fin~ slurry.

Obsetvat.iolls made du:dllg the following test.s showed t.hat
there was sufficient filt.ration time for the ultra fine
slurry: RUN 4, :rn;aT2, E2'l'3, EJ3'l'3 and EJ4'r3. During these
test.s 110 unfiltered slurry walllobserved. '1'he retention
values of the ~ 150 um matel:it'tl frClm the ultra fi11e
slurry for these tests were hig11. The average value was
62.9 ~ with a relative standard deviation of 19,8 % and
the averdge ultra .e~.l'l.esolid addit~ion rate being 0.2 t!hr
+~ 0.05 t!hr. '1'1119 corresponds to 0.7 t!hr ult.rtl fine
Slurry with 30 lit !!H':)lidccncene , TIle h:tght:H:ltretel1tion
value achieved was 78, £) %' (llWr3) with a eorreElpot1ding
ultra fine solid addition rate of 0.2 t/hr. Amongthese
fiVe t.ests the lowest t'etentj,cn1. value ae:hieV'edwas 46.2
, (B3T3) with a corresponding ultra fine srlid addition
rate of also 0.2 t/hr (Table 4-1-A). Oth8r tests with
ultra fine addition t'ates higher than 0.2 t/hr yield poor
retention values due to insufficient filtratj"u zone.

A1t:hough the ret.ention of = 150 um material reom l':.he
thiekerler p:t'oduet can blEias high as nearly SO !II. it dOfdl3
not ll(';1(::tSlssclrilymean that t11e ~II ~ 150 um mat(~rit\l J,l'l th.e
:::lcreendisehf11rge will increase significarltlj. 'The pilot:
plal'l.t thielt:ene:r: product already normally consi!lJts of 60
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Table 4~1-A

Retention Results
"'.::t =- .,."_"..,, ~:,_",~--

test uf uf scm. uf/f ret. of ~ ~ = 150
IO slurry solid disch ratio in 150 um urn mat.t,/hr t/hr t/hr 90 mat. from in sen

uf in ~ diseh.
E1T1 0.0 0.0 1.7 0.0 E·A. a.5
ElT:.'. 1.5 0.6 2.0 42.0 40.0 11.4
EllT3 0.5 0.2 1.G 16.2 39.6 9.1
E2Tl 0.0 0.0 1.6 0.0 N.A. 9.0
El2T2 0.7 0.3 2.0 15.3 64.3 12.3
El2'r'3 0.6 0.2 1.7 14.6 56.9 a . ~I
El3Tl 0.0 0.0 1.6 0.0 _N.A. G.6
El3T2 1.0 0.4 1.6 24.2 27.7 11.7
El3'!'3 0.5 0.2 1.6 lO.8 46.2 8.4
El4Tl 0.0 0.0 l.t; 0.0 N.A. 5.1-E4T2 0.9 0.3 1.4 23.3 32.8 9.1
El4'l'3 0.7 0.2 1.5 13.9 79.a 7.9
RUN 'I' 0.0 0.0 1.9 0.0 N.1\. 4.7
RUN 4 0.3 O. j 1.3 10.7 67.5 9.2
IWN 5 1.5 O.G 2.5 as . 6 32.7 a·L_
RUN (5 0.9 0.4 2.6 19.1 38.1 (502

:<11 ===::1=---. ,~ _. ':-==:', ..

N. a. testa'!)E1'l'l, E2'1'l, E3'l'l,E4Tl and Run 7 are
cOflventiom1.1 deWatering process

The t'etention of ~ 150 urn nmte:d.al from t.he ultra fine
slurry VB the ultt'a fine solid addition rate is plotted
in tl').e following gl:'clph.'l'he simple linear regression line
with 95 % confidence interval is also shown in the same
graph.
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fine addition rate is too high, the unfiltered material
will travel towards the feed end of the screen, due to
the soreen slope. Eventually it will reach the turbulent
1::e9'io11of the screen where the filtratl.on mediumhas not
yet been established. 'rhe moistur~ level of the screen
discharge product obtained with a double lay~r (primary
dewatering product) was investigated.

The double layer was colleeted and mixed thoroughly under'
sealed conditions before being ·sent back to the
dewatering screen for secondazy dewatering. This step was
performed baucn-wd.se since there was 011lyone dewatering
screen available. The moisture levels between products of
primary and aecondazy dewatering stages were compared.
The nmterial retention during secondary dewateri11g was
also investigated.

4.1 : :Retention Of .. 150 um Ma.terial From Ultra
Fines Durirlg (3:) The Double I,ayer Formation
stage And (It) The Sedondary Dewatering stage

4.1.1 : (primaryDouble layer formatio11
dewatering stage)

Results from the pilot plant tests show that the main
limiting factor was the available filtration time for the
ultra fil1.@ ltllurry. The fine cake itself proved a
reasonably good fiJ,tration medium.

Whenthe addition ral~e of ultra fine slurl."Ywas too high,
SOMeunfiltered slurry would react the turbulent region
of the sczeen where I:',hefine cake was noc yet for:med.
Since the fine cake only started to form afte:c' che mi.d-
point of the fourth panel, the unfiltered ultra fines
r®adhing beyond this region we'J:einevitably lost through
the SCl~eH~l1 apertures.

Anothel:'possible faccol,' cOl'lI!ril.;ll.ltingto t:he loss of ~ 11.:iO
urnmaterial are the losses through the filtration m(.~dium.
In thc'3test,s where convent:Lcm.aldewatering was applied
(no ultra fine addition) I no loss of eoa; with t11esxceaa
water draining through the screen apertures was observed
after reachil'lg the m!d"poillt of the fourth panel. In the
tests wher(:1 the new tedhnique was employed, it was
evident that the slurry was being filtered and excalB
watl2ll..~ with some ultra firms W1M:l going I~l'lroughthe letS',: :3
panels (t~he ultl,'a fine DJ.Ul:ey was introduced near the end
of the sareen counter-currently to th® fine coal cake) .

'1'11a results obtained arB presented in the following
table.
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CH1U?TER FOUR THE :PILOT PLA'N'11 TEST ...WORK
DISCUSSION AND CONCLUSIONS

summary i

Sixteen. pilot plant tests were performed. The I fines I

referred to in the pilot plant teet was the pilot plant
clatlsifyil1.g cyclone product stt'eam, which on average
consists of 50 !ti + 150 urn ~ 500 um material and less than
10 ~i - 150 urn material. 'rhe 'ultra fines I referred to was
the pilot plant thidke11et' product 'vlbich nOl."ttlally consists
of 60 % ~ 150 um material. The coals used are the
thickener underflow and the Forderteehnik screen products
from Goodehoop Colliery.

Five of the tests conducted employed conventional
dewatering of fines (Cyc1011.(3underflow) using the pilot
pl;;mt scale Fordertechtlik screen. Tl'l.es®five tel':lts RUN 7 I

E1'1'l, E2'1'l, E3Tl and E4Tl w®re performed to establish the
following:

i ) The moisture level attainable by the specifiC
dewatering screen used in the pilot plant

ii) The extent of loss of the - 150 Urnmaterial in
the cyclont2l underflow (fines) while being
screened. Since both the fines and ultra fines
fractions contain - 150 um material, if the
amount; of - 150 um mat~erial lost from the :EiIle
pol::tion can be detel."mined, the :r.etention of ~
150 um material from the ultra fines
(tl'licJ~ener product) carl be deduced .

All the Ex'r2 and ExT3 were performed immediately after
the cor:r:esponding ExTl, e. g . El't2 and E1'1'3 were perf czmed
direetly after El'l'l,. Therefo:t'e the performance of each
und.t; in the circ.mit should have rt9mained consistent
during the thrme consecutiv<3 tests. Hence the retent~iol'l
eh&racteristics (:Jf - 150 um in the cyclone underflow from
ExTJ. dan be used in the formula to estimat1a the retentioxl
of '" 150 um mflte:t:':l.al from the thickener product in Ex'!'(l
i\\l'ld ExT3. (Chapter :3 : r~xperiment.al methods of pilot
plant tests and Appemdix 'A. : Method, of estimating
retention of ~ 150 um material of thicltel'lel~ product of
:ests pt':l:t'formed by the new technique) .

lUev®!1testE! using the nsw t.eclmiqu(;l W(.greperformed. The
ult::l."a fines slurry (~'R :30 !~ solid) was j,l1t:t'od\wed
countet'~eurrenl~ly Vil,;l a special feeder onto t11e fine coal.
cake (+~ 2S %' moj,stUl:e) 20 em from the screen discharge
el1d to ttJrtt\ the double l,':tyer. The limit,ittg tuctor he1."e.ls
the avaihlble f i1 I.:: l"at:J,on zone 011 the screen. If the ul era
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rat.e measuremEnt started. The flow rate measurements were
performed on the following streams

No.3 : Screen discharge
No.4 : Screen underflow
NO.1: Cyclone underflow ( feed to screen)
No,:2 : Thic]<:.ener Product ( for tests with
conventional method, this is omitted )
NO.7: Cyclone overflow ( for RUN 4, RUN 5,
RUN 6 and RUN 7 only )

The flow rat(3 measurement of each stream was plal'formed
separately, At least 20 1 of slurry or 20 kg of solid (.in
the case of screen discharge) was collected pe&
measurement. A stop watch was used. After weighing the
material collected, the material was re-introduced to the
circuit and the system was allowed to come to equ,ilibl"ium
bei:ore taJ<.ing the next measurement. Three measurements
were taken and t1'1(;')average and std. deviation calculated.
If the relative std. deviation was more than 5 %" mere
measurements were performed until a precise result was
obtained.

For the method of sample preparation and moisture
determinatiol'l., particle size distribution and ash ,
please refer to Appendix C : Operation and control of the
pilot plant.

ll'or the method of data smoothing, please :1:"0 ~er to
Appendix B : Method of data smoothing of pilot 1"1." t test
data.

For the method of data anatyad s , please refer to Appendb:
A : Method of estimating the retention of ~ 150 um
material of thicJ~ener product of tests pet'formed by the
net'l teChnique.
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The ul t.ra fines \iere introduced at a position of
approximately 20 cm from the screen discharge end. With
the set.-up of the feedi11g pan , the thickener product was
able to fall gently (by gravity) to the existing fine
cake. The thicl"ener product then flowed in the direction
ot the screen fe~d end while being filte:r:ed through the
cake structure along the way.

Fresh coal was used for each experirnent.. Within each
experiemnt, to avoid overdosing the coa' with flooculant,
flocculant was only dosed during the sampling stage.

3.3 : Sampling Scheme ~d Flow Rate Measurement
Scheme

The sampling schemE:!was designed in compliance with SABS
standards. T11irtywtwo incremell1ts were collected with the
mass of solid of each increment not less than the figure
calculated by the following equation (applicable to top
particle size less than 150 rom) :

P (t<g) :=: 0.060 , where P is the mass of each Lncxement ,
and P is the top particle sizes in mm, however, P is
always greater than O.S Kg

'rhe sampling and flo\'1 measurements were performed during
steady state conditions. It was physically impossible co
sample all streams simultaneously and therefoJ:'e
increments from each stream were collected in the
following order :

NO,3 ~ screen discharge
NO.4 ~ screen underflow
No.1 and No.2 cyclone underflow and
thickeller product simul banaous l.y
No. 7 ~ cyclone overflow (onl.y for RUN 4, RUN
5, RUN (5 and RUN 7)
No. 5 - feed to oycl.one (only f or RUN 4, RUN
5, RUN 6 and RUN7)

'1'he pilot plant opel: 't.es as a closed circuit system
therefore to avoid char;: as to the steady state conditions
due to incremented, sampling I after collecting one
increment from each at.ream, a pre~det.ermined amount of
prepared coal with a similar partiCle size distribution
was added to t.he sump at))compensation. ( '1'he compenaat acn
eoal was prepared in batehes before experiments started.
l?artiele size dist::t'il::mtitm analysl~s were performed to
asaure quality ). After this, the system was allowed to
run for another .2 minutes before repeating the above
procedure.

1
2
3

4

5

After the completion of the snmplil'l.g scheme I the flow
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stopped and the suet Lon valve closed. Finally the mixer
of the sump was stopped. The anaf.yses of the samples
should be completed within five ~'lorkingdays, after that
one was ready to start another set of experiments. By
this time all the coals would have settled at the bottom
of the sump. Excess amount of wate:r.could then be removed
from the sump by siphoning. A bit of the ultra fines
and/or fines could be added if required.
Immediately after shut~down of the plant, manual mixing
began of the representative samples collected during
primary dewate:dng stage (3~3 : sampling scheme and flow
rate measurement scheme). The mixing procedure was
performed under sealed conditions so that moisture loss
was min:imised. After that, the screen was re-stat'ted and
the entire sample was re~int:roduced to the screen for
secondary dewatering. In this case the entire sample was
collected for analysis.
:3.2.3 : Method of introducing the thickel'lerproduct
One of the new concepts tested was the usage of a fine
coal cake as the filtration medium for the ultra fine
slurries. The exceSs water was supposed to drain through
the cake leaving the ultra fine particles on top and
within the fine coal mass.
The pilot plant dewatering screen has a different set~up
to that of the industrial scale. :tt has a steeper
inClination angle Which promotes cake f'olLtlation.HOWever I

the steeper angle also promotes loss of ultra fine slurry
by enabling the unfiltered slurries to flow towards the
screen feed end where cake formation has not yet been
oompleted. In oraer to aChieve maximum residence time,
hence available filtration time of the ultra fine
sluJ:ries under the circumstances, a speoial procedure was
developed to overcome this problem. However, in the case
of industrial scale dewatering screen, the above.-
mentioned problem does not exist and one can simply add
the ultra fine slurry onto the fine coal cake co-
currently at the point at whd.ch cake formation is
complete.
Ultra fine slur'!:'yadditiol'lprocedure in the pilot plant
:

The thicl<:enerproduct was introduced counter~currently
and gently to the fine cake , '!'hethic]<:enerproduct from
the :Elm" rate setter was gravity ...fed to the thickeneJ:'
pz'oduct. feeding pan Which hung above the screen. '.I:'he
feed~end of the pan had the same width as the screen and
the length was about:.4: panels (the screen has 7 panels) .
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: Method of estimating the retention of - 150 ummaterial
of thickener product of tests performed by the new
technique) .

3.2.2 . Test procedure

Start-up procedure :

The start~up procedure of the pilot plant was easy. One
must ensure that there is an adequate amount; of material
present in the thicltener to maintain the steady state
condition in the event of the flocculant dosing system
stopping accidentally (more than 1 ton to be cautious) .
It is also necessary to ensure that there is sufficient
flocculant supplies for the day. The flow rate control
box must be set~up in such a way that there is no feed
to the screen during this stage and the screen must be
empty.

r£'hemixer in the sump was started so as to agitate the
'tnaterial. The screen was then sta,rted. Once the screen
was running, the sump suction valve could be opened and
the pump started. The flocculant dosing system was then
started. Once the cyclone overflow began reaching the
screen discha~ge collecting pan, the valve underneath the
thickener was opened slowly and the Sala pump started.
Whensteady state was reached (usually within 20 minutes I

the settling time of the flocculant was 13 minutes) the
flow rate of the two feed streams to the screen were
manipulated as required (by the control devices of the
flow rate control box) and the system was allowed to
reach the new steady state. The required test work chen
commenced (see 3~2-1 : experimental method, 3-2=3 :
method of thickener product addition, 3~3 : Sampling
scheme and flow rate measurement) .

Shut-down procedure I
'.the snut -down procedure of the pilot pla.nt was very
important to prevent coal particles accumulating and
blocldng the pipewor}(.

T11e two feed streams to the screen were stopped. All che
cyclone underflow and thickener product would then report
to the sump through the flow rate setter. The dosing
system of the flocculant. was then stopped. The screen was
allowed to run clean after which the feed to the
thickener was stopped and all the cyclone overflow
reported to the by-pass pipe . trhe valve undaz'naat.h the
t.hic]eener was closed and wat.er was introduced \7"0 the sa'l.a
pump sump to run clean. After this the sai.a pump was
stopped. 'I'hell water was added to t11e system at the screen
discharge collecting pan until the ret.urning streams
contained very little solid. By doing so all the pipswot,]t
should be free of solids. The sump pump could t.hen be
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Scn dis : screen discharge
From the above equation , it is obvious that in order to
determine the ~u retention of material of a particular
size class from the thic]{enerproduct I it is essential to
know the retention of the same class material from the
cyclone underflow. As the cyclone underflow' still goes
through the same routines as in the conventional process
(see 3<~w 2, method of introducing the thic]l;;enerproduct) I

one would assume that the retention values obtained from
RUN 7 could be used for estimation of the retention of
the material from the cyclone underflow. However, in
reality it is not that easy. Although much effort was
made to ensure that all the parameters remained as
constant as possible, except for the controlled parameter
(critical ratio)! the parameters do differ from test to
test to some extent. (Appendix D : Detailed data for each
pilot plant test) An attempt was made by applying the
retention values of mated,al from the cyclone underflo'i'l
obtained during RUN 7 to equation 1 to calculate the
retention of the material from the thickener product of
RUN 4, 5 and G. However, calculated results indicated
that:.this approach was not accurace . (Appe11di:x:A : Method
of estimating the retention of ~150 um material of
thickener product of tests performed by the new
cecnnd.que . )

A different approach was used. Instead of running the
tests independently, three tests were run consecutively
(one working' day is only SUfficient for three tests). The
first test would be called ExTl (e.g. experiment x test
1), and it was a conventional run (i.e. no ultra fines
addition). DUring this f:L:r.sttest I all the thickener
product would go to stream No.13 (see flow sheet) and the
circuit was run conventionally. After the ExTl test had
been completed, thic)tener product f at a certaili.flow
rate, was added and the system was allowed to come to a
steady state before commencing ExT2. After the completion
of ExT2 I the thicken,er feed to the dewatering screen was
stopped and the system was allowed to come to the same
steady state experienced during ExTl (or as closely as
possible). Then a diffet'ent flow rate of thickener
product was introduced and the system was yet again
allowed to reach a new steady state. "I'estEx'I'3was
performed as test ExT:'..
By using \:.1I.isnew approach, four experiments, each made
up of three tests, were completed. The advantages of this
new approach was that the performance of each unit during
the threl;:;tests should remain similar. 'I1herefore the
retention values obtained during' ExTl coul.d be
SUbstituted into Equation 1 to calculate the retention
values of material from thickener product during tests
ExT::!and E:x:T3.The method proved successiul (Appendix A
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3.2 : Exnerimental Methods Md 'rest Procedu.res

3,2.1 Experimental methods
The pilot plant operated on a closed circuit with a
constant feed being supplied to the dewatering screen.
With the set-up of the pilot plant it was possible to
apply the new t~chniques up to the primary dewatering
process in a continuous fashion, Since there was only one
dewatering screen available, mixi119 and secondary
dewatering could only be carr'Led out batchwdae after the
completion of the primary aewatering stage. The only
equipment uSed after the completion of primary dewatering
stage was the dewatering scrr~n. Mixing was performed
manually.
Efforts were made to ensure tl:.atthe only variable during
all the test work was the controlled parameter i.e. th3
uf/f ratio. The other parameters e.g. % particle size
distribution in all streams, slurry flow r~tes (except
thick.enerproduct) I % solid in all streams (except screen
discharge and equipmemt set-up was maintained as constant
as possible. By doing so, one can compare the results
obtained from the different tests.
Initially fOl\rtests (RUN4, RUN5, RUN6 and RUN7) were
performed separately. Except for RUN 7 I all the other
three tests were perfOl.inedusing the new cechni.que , RUN
7 was pel:'formedusing the conventional method (no ultra
fine addition) and its result serves as a comparison.
However, one problem is appazenc , namely the estimation
of the !); retention of the ultt'afinel;;mar,;;.erial(~ 150 um)
from the chd ckene'r product, Consider the followil'lg
equation :

Equatinn 1 :

:If aen dill * Xmm diD :::: F <,ve IIf 'A- Xeye u£ * Re\lo 'If, 1I

+ F'thk pd * Xthk pd '/.- Rthk pd. II

Wl'lere F : solid flow rate :"'1; a particular stream
(t/hr)

X size fraction ·f size class X ( in
fraction ) of tho;particular stream

R: fraction retention of size class X of the
particular st.ream

Cye uf
'l'hk pel

cyclone underflow
thickener product
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'TABLE 1

Calculation of Boundaries of t Retention Values ot
- 150 um Material of Thickener Product and Cyclone

Underflow for Tests Employed by the New Method
,- -- -

Test LD. Thk Pd. Thk pd. eye: ufo eye uf,
Max ( ret, Min ( ret. Max ( ret Min ( ret
eye uf :::: 0 eye uf ~ thk pd = 0 chk pd ~
S'u ) 100 % ) % ) 100 SJ )

r--- - -

El'1'2 56.50 -3.804 93.69 .. -0 ,l~_~~
El1T3 86,62 ~85.153 50.43 -7. 291 ~_

E2T2 123.71 -42.742 74.32 14.243
El2T3 1:;]5,55 ~£)6.845 65.26 13.279
1'--'
E3'l'2 71.77 ~58,269 ..55.19 ~21.71
.83'1'3 157.11 -1'70.08 48.02 17.46-

f-E4T2 55.25 ~104.:..S 34.66 -28.07-
r E4T3 110.33 -106.25 50.94 4.77
RUN 4 121. 48 -57.94 67.7:L 1:1..97--
RUN 5 48.08 -3.02 95.00 ~lOl.631--- .... - -RUN 6 57.44 -7.01 89.13 -£)(;'04

-...~ -~--~~.-
From the above table, it is obvious that the calculated
boundaries are too wide to have any practical purposes in
helping the estimation of the retention val.uea. TIle
values that are more than 100 ~ or less than 0 • should
be 19no1:'.;d since the real varues only lie in the region
between 0 ~ and 100 ~,
'thefollowing table lists che estimation of the retention
of w 150 um material of t.hickemer product using different
retention values of 150 um material of cyclone
underflow.
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steady state of E:x'l'J.( or as closely as possible ), Then
a different flow :rat.eof thickener product to dewatering
screen was introduced and the ayaceru would reach a new
steady state before test ExT3 commenced.

By using this new technique, four experiments each with
three tests were completed. The advantages of this new
approach allows the re~ention values of cyclone underflow
material of test ExTl to be applied co test Ex'1'2and
Ex'1'3.

Using equatid.on one, one can at least. calculate the
bcundDries of the retention values of cyalone underflow
and t.hJ.ckener produC't:by assuming one of them to be a !J;
dl:' 100 !J; and 'the calculated values are listed in t.he
foll(;)willg'table.
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Consider the following equation :

dIU * X * Xv
+ Flhk

equation ( 1 )

where F ""
X :::1

R ""

Rolid flow rate of the particular stream
in t./hr
size dist.ribut.iorl of size class i in
fractir.n
the retention of size class i in
particular stream in fraction

Son dis "" screen discharge
eye uf - cvcl.one \p'1.det"flow
Thk pd "" thickene:!:. product

It is clear from equation ( 1 ) that to estJ.mate the
retention of ~ 150 ummaterial :Ernmthe thic)cener product
in the tests employing the new technique, one needs to
know the retention of - 150 ummaterial from the cyclone
underflO\(I for the same tests. However; it is not pot3sible
to determine this value in the pilot plant as there is
only one screen undel~flow stream. The value is therefore
estimated from tests carried out using the cOlwentional
system without ultra fines additions.

In the earlier stage of the pilot plant test work, four
Lndependent; tests were perfol~med, viz : RUN 4, RUN .5 and
RUN (5 ( new technique ) ; RUN 7 ( conventional mabhod ) .
HoweverI applying the rete:r.tion values of the cyclone
underflow material of RUN 7 t.o equation 1 to estimate the
retention of ~150 ummaterial of bhdckenez' product of RUN
4 to RUN 6 did not yield satisfactory results since the
runni:ng conditions of RUN 7 were not as close to those of
RUN 4 to 5 without thick.ene:t~ product addition.

Later, a different approach was made. Instead of running
the tests independently, three tests were performed
sequentially ( one working day ). The first test would be
called ExTl ( e. g, experimellt:. 1 test 1 ) and this would
be a conventional run ( L.e , no ultra fine addition).
During this first test, all the thickener products woulrl
go to stream 10 ( see Chapter '1'h1:'99, flow sheet
desc:r:iption ) and the circuit would run conventionally.
After this first test had: been completed, bhd.ckanez'
product at til certcdn flow rate was added and the system
was al Lowed to reach a new steady state befor~ test E:x:'l'2
began. After the completion of test Exfl'2/ the feed of the
thickener product to the de~waterin9' acz'een was stopped
again and the system was brought back to the original



Appendix A Method Of Estimating The Retent:llon
Of - 150 um Material Of Thiokener
Product For Tests Performed By The
New Technique
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due to the limiting factors mentioned in the previous
paragraph, under the circumstances the advantage of
mixing and secondary dewatering could not be demonstrated
as in the laboratory scale tests.

In order to be able to add more ultra fines, a greater
filtration zone is required. This should :increase the
ultra f~ne content in the product significantly, and as
a result product mod at.uze content should be less due to
the reduction in the moisture holding ability of the coal
particulate syacem, Tests should also be performed to
establish the saturation point (hence the max. ultra fine
addition rate) undez the new conditions.

'1'he available filtratiol'l zone could be increased by
having a greater screen surface area. Hm'lever, dewatering
screens are dynami.ca'l.Ly balanced and subsequently
detailed studies have to be performed before considering
any alterations. J:t.: is certainly an aspect worthwhile
considering since the sum of capital and operating costs
for dewatering sorlElen is 24 times less than that of the
belt filter wit-:h the equivalent capacity (capacity : SO
t/hr, RO.26/t VS RS.39/t).
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5.2 : The Benefit Of Mixing And Secondary Dewatering
Resul ts from the laboratory scale test lnork clearly
illustrated point 5.2. The absolute reduction In moisture
of the primary dewatering product by mixing and secondary
dewatering was between 3.~ % to 15 % depending on the
conditions. The correspond~ng saturation point obtained
happened to be at a uf!f ratio of 1.0 (50 !'.; ultra fine :
50 9.; fine). Any fm;ther increa8'~ in the u:~tra fino
content increased the specific surface areas of the
mixture and oonaaquent.Ly Lncxaaaed the water t'etention
ability of the system.
However, as m~ntioned in S.l, under pilot plant testing
conditions, the final moisture attainable by the specific
screen under the conventional opexatd on ccndd tLons was
already acnr.eved during the double layer formation stage
by the new method.
No loss of material was observed during secondary
dewatering and the mixture conglomerated during the
process into small round balls.
5.3 : Recommenda.tions
The laboratory scale test work demonstrated that further
reduction in moisture of the double layer was possible by
mixing and secondary dewatering, provided that the fot'ces
applied are strong enough. Under the laboratory testil'lg
conditions, saturation was achieved with a mix of 50 %
fines : 50 !i; ultra fines. At uf!f ratios below this
saturation point, the product moisture would decrease
with increasing ultra fine content.

However, due to the limiting factors experienced during
the pilot plant tests, the highest achievable ultra fine
addition rate was 0.7 t!hr which corresponds to a uf!f
ratio of 0.1 to 0.15. In addition, the retention values
achieved of the ~ 150 um fraction of the ultra fines was
63 , instead of almost 100,0 t. The resul~ was that the
Increase in ultra fine cont.entin the product ~s not high
enough to Y1ald a negative correlation between the two
parameters ( %' H20 and % - 150 um content). NeverthtE:l"'lss
a weak correlation was obtained from the pilot plant
J:'esultsbetween the % product moisture and the -150 um
ccncenc in the product. The trend is there but not
pronounced enough.
'thevibratory forces experienced On the dewatering screen
wen:e stl~ong enough to reduce the moisture level of the
double layer to the lowest level attainable by the
specific screen used under the circumstances. However,
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CHAPTER FIVE : CONCLUSIONS
The two fundamental concepts underlining ~he new
technique were tested both in the laboratory and i.1 a
pilot plant. Results obtained showed the potential of the
new technique.
Tests under a wide range of uf/2 ratios were conducted
undar laboratory conditions. However, it was not possible
to test such a wide range under piiot plant conditions
due to t.he limited filtralion zone avad l.ar :.e for the
ultra fine slurry. Nevertheless, from the promising
results obtained f:r;'otttthe pilot plallt test wO~'k l,Jositive
conclusions can be made.
!5.1 : The Feasibility Of Using Fine Coal Cake As

Filtration Medium For Ultra Fine Slu~ry
The two important ooncarns here are the retent.ion of ~
150 um material fl.·omthe ultra fine slurry and the
moisture level of the resultant doub ..e layer.
ExCellent results were obtained from the labor~tory scale
test work. From the wide range of uf/f ratio tested, the
loss of the - 150 um material from the ultra fine slu:t:ry
was less bhan 5 % w.r.t. the solid mass of u1tra fines
and the lost particles were mainly - 415urn. The static
conditions of the experimental set-up in the Laboxat.ory
were thought to be responsible for this phenomenon.
Natural d.cainage takes too long hence vacuum was used to
increase the rate of filtration process. EXCess water was
removed through the filtration medium together with a
sr.lallamount of - 45 um material from the slurry. The
resultant double layer had a moiscure content of between
20 % and 30 % depending on the testing conditions.
However, under pilot plant conditions, the highest ultra
fine slur~J!addition rate was 0.7 t/hr (0.2 t/hr solid).
Higher addition rates resulted in the loss of unfiltered
ultra fines in the region Where cake fOJ:'trlationwas not
yet completed. A 0.7 t/hr addition rate corresponds to
uf/f ratio Of between 10 % to 15 %. At this addition
rate, on average 63 % of the - l50 um material from the
ultra fines can be recovered.
The material lost was with the excess water filtering
tlll:'Ougl'l the cake.
Th\!!!resultant double layet' (screen discharge) had a
moisture content similar to chat of the normal screen
discharge during conventional I£lcreening.In other words,
th.elowest moisture level was attained during the double
layer fOlL!latio11stage.
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Moisture difference bet\'leen primary and
secondary dewatering stages

Data and analysis suggests that there was no significant
dil:ference between the moisture levels from primary
dewatering a.ndsecondary dewatering produ(;tsfor the uf/f
ranges tested.

4.3.2 :
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This finding agrees with observations made during the
tests. The moisture level of the double layer has already
been reduced to levels attainable by the specific
dewatering screen. Any further moisture reduction would
probably require equipment with stronger forces than the
dewatering screen.
4.3 : Conclusion

The fine cake proves to be a reasonable
.:iltration medium for the ultra fine slurry
under the pilot plant conditions.

The resultant douDle layer has a moisture content of 2S
% which is the normal moisture level obtained with
conventional screens. The excess water from the slurry
was easily filtered through the cake by the vibratory
force of the screen. The limiting factor was the
available fi:tration time.

4.3.1

With the pilot plant set-up, the highest attainable ultra
fine slurry addition rate was 0.7 t!hr (0.2 t!hr solid)
with a corresponding uf!f ratio, in %, 10 % to 15 %. The
retention of the - 150 um material from the ultra fine
was 63 %'. The double layer (screen ddschazqe) yield had
a moisture content of 25.0 % which was the level normally
obtained du..~J.ngthe convent .ona), runs. Ultra fine slurry
addition rate beyond this point resulted in a loss of
unfiltered ultra fines through the screen apertures at
the tnon-cake I forming region of the screen.
Simple calculation in 4.1.1 suggests thl::l.tin a normal
1200 t!hr plant, six industrial size dewatering screens
would handle all the ultra fitl~s.The resultant product
has a final moisture similar to that of the normal
dewatering screen product. At this moisture level,
further dewatering or handling costs are much lower and
consequently more options become open. '1:'herelatively
cheap capital and operating costs of dewatering screen
make the new technique attractive.
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product moisture level from primary dewatering
stage (double layer formation stage)

The average moisture level of the double layer obtained
from the tests employing the new technique was 24.8 %'
with a relative struldard deviation of 0.75 t. With the
conventional application, the same screen gives an
avez aq= discharge moisture of 25.5 % with a relative
standard deviation of 1.4 %. !t appears that du~ing the
double layer formation stage, the product moisture level
was already lower than that achieved during conventional
screening.

4.2.1

Two-Sample statistical analys:i.swas applied to compa!.~
the mean mod atnrre levels between the two sets of data.
However, the result (see Appendix F) suggests that there
was no significant difference between the two sets of
data.
From the result it can be stated that the fine cake does
act as a good filtration medium for the ultra fine slurry
in terms of excess water removal. The resultant dOUble
layer moisture was at least not higher than the
conventional dewatering screen product.
Laboratory scale test result~ suggested that before the
saturation point was reached, the % moisture level should
deCrease with increasing ultra fine content. The
saturation point was obtained, under the speCial
experimental conditions, with 50 % fines and 50 % ultra
fines. Also unaer laboratory conditions there was almost
no 150 urn material lost during the double layer
formation stage. However, the t'.trafine addition rates
in the pilot plant tests were ~reatly restricted by the
available filtration time. The highest uf/f ratio
attainable in the pilot p~ant, without losing unfiltered
ultra fines to the 'uon-cake' region of the screen, was
between 0.1 to 0.15 (or 10 % to 15 %). As was mentioned
previously this low addition rate does not allow the % -
150 um material in the double layer to increase
significantly. Therefore at ''lisstage only a weak
correlation between the % hlu-,-sturelevel of screen
discharge and the %' 150 um material present was
obtained (Appendix F) .

Product moisture
dewatering stage

From table 4-2-A, it seems that there is no significant
difference between the moisture levels of the primary and
secondary dewatering products. Two-Sample statistical
analysis was again performed, the result (Appendix F)
confirming that there was no significant diffe,rences
between the two sets of data.

4.2.2 : level from secondary

50



Table 4.\-2-1\
Product Moisture Results

test 1.D. uf/f % - 150 um % H2O % H2O
ratio mat. in primary secondary
in %' p:r:od. dewatering dewatering

EiT1 0.0 8.5 24.2 N.A.
E2T1 0.0 9.0 24..3 N.A.
E3T1 0.0 6.6 25.5 N.A.
E4Tl 0.0 5.1 25.8 N.A.
RUN7 0.0 4,7 27.7 N.A.
E1T2 42.0 11.4 24.0 24.8
EIT3 16.2 9.1 24.8 24.8
E2T2 15.3 12.3 24.6 24.2
E2T3 14.6 8.7 25.2 25.3
E3T2 24.2 11.7 24.2 23.7-
E3T3 10.9 8.4 25.1 24.9
E4T2 23.3 9.1 24.4 24.2
E4T3 13.9 '/,9 25.6 25.4
RUN4 J.0.7 9.2 25.9 24.7
RUNS 29.6 8.4 23.5 24.3
RUNG 19.1 6.2 25.6 25.3

av~rage % H2O average !'c; H2O
prl.mary dewatering secondary

dewatering
conventional 25.5 +- 1.4 % N.A.
new technique 24.8 +- 0.75 % 24.7 +- 0.54 %

'"-

N.B. the first 6 rows are from tests employing
conventional method
N.A. All standard deviations are reported as relative %
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Exp. 1 t Test 1
% Particle Size Distribution (data as is and smoothed)

",,,,,"" ~ ..

size size screen screen sc'\:'eenu/f screenum class u/f frae u/f cum % frae ~ u/f cum ~~
Pc; smooth smooth

~ 45 1 30.S 30.S 30.7 30.7
- 4&" 2 2.3 33.1 2.3 33.0..I

~ s:~
+ ~3 :3 1.8 35.0 2.3 35.4
- 63 -

4.2 .. 139 .s~ 63 4 4.1 39.1
" t,

+ 75 5 6.9 46.0 G.9 46.S
~ 106 -
+ 106 6 9.::3 55.3 9.3 55.S- 1.50 _ ...,_.,._

" ..~
+ 150 7 11.8 67.0 11.5 G7.3
~ 212 ~-1-- f1-"_

+ 212 a 11.5l 76.9 11.9 79.3
...- 300
+ 300 9 12.7 91.6 12.4 91.6
~ 425 -- --. .-
+ 425 10 4.1 95. '7 4.1 95.7
~ 500
+ 500 11 :2 "I 98.5 2.6 98.4.. ,
~ 600 I..._-
+ 600 12 1.5 :1.00.0 1.4 99.S
~ 850 -,_ ... --.
+ 850 13 0.0 100.0 0.1 9$1.9
~
UBO .
... 14 0.0 100.0 0.1 100.0
:1.:1.80 .

total=l' - -1,00,0 100.0===== tt1.-- . ""-'- ...~ - - ,_
,.=======:-.:=
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Exp. 1 : Test 1
• Particle Size Distribution (data as is and smoothed)_,

_."._~=- ..
si~e si~e sereel1 sereen
um elass dis. 1\ dis.I\.;l;rae cum
~ 45 1 3.4 3.4

+ 45 " 0.:2 3.6~
""" 53

+ 5.:l :3 o 'i 3.13....
;;;:. ~3

+ (33 4 0.5 4.3
~ 15
+ 75 5 1.4 S. "/
~ lOG
l' 1(\6 I.l 2.9 13.4
-:'- 150
+ 150 '1 s. 1 13.5
Q 212
+ 212 8 'I. s :21.1}
= 3M
,~ 300 tl 14.b 36.0
..... 425
+ 425 10 9.6 41l. 'I
~ sat)

"' 500 11 1:L~1 1Hl. !.1
..~ 000

+ 600 .1.2 2GlZ !J13.1
Q 81:\0
4, usa 13 10.7 ss. 8
USO

+ lA 4 " 1(J[).0.~
1180
total 100.0
=- ttr" ... -_.

sereen
dis. I\.
frae
smooth.

aczeen Sdr8ctl
df.s . 1\. dis. 13
cum frae
smooth,

sereen
dis 13
cum

::1.1 3.1 ::l.0 3.0
0.3

o. u,~

• '1 I) I} 0.3

L 4 5."/ 1.0

" • S 8 .5 ~!.2~

5 " 13.7 4.6.~
1. s ai. '1 7.6

H .'1 31;). 4 14 .4

9. 7 46. 1 9.9

13.0 59.1 13.8

~5.'1 04 .8 2'i :3

.10. " 95.5 1Ll

4.5 100. 0 '1. :3

100.0 .100.0~-~.;::;-=====~
N.H. sCtGBn discharge A : primary dewatering praduat

sateen dischatge B : seeondary dowatering praduat
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'1.1

11. '1

43.&

5'1.4
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Appendix 0 Detailed Data For Each Pilot
Plant Test



coefficient of analyses ~ 0.994 therefore, this is
a good fit.
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G : Flocoulant Dosing System
Flocculant used : ANIKEM 4916 ( same as Goodehoop
u~lliery where the coal used for testing came from) .

set -up : supp'ty buckets and small pump.

The following table lists the setting of the dosing
syst.em.

fL.cdull\nt concentration : 25 !'.;
vol use,'. for each test : 500 ml

pump set ting .r-o-t.;..i,l...;.ue.;;..·__;_(..;:.",;;._;··e;:..;c;..;;o.;.;n;.;.d.;;;s__;)~_--._l...:/...;h;;,;:1: ..." __ .........

10 40.69 44.24
n.._1 ...0_ .... ==-l-4,;.0.;..;..,;. 8~6;.... -I-.;;.44.-.:1.L_. ....J1

10 40.93 44.09

9 44 .51 40 .44. --11

9 44.80 40.18

8 49.79 36.15
1~8 --.---- --_~~49--.2~0;...--~--------_I_-36.S9

59.27 30.377

7 59.51 30.25~---~----------~~~,----------.~~~~~-----------9.5 42.35 42.50
---------11

9.5 42.81 42.05
8.S 46.43 38.77------~~~--------------~~~--------------
8.5 46.24 38.93

7.5 53.46 33.67
7.5 ~5.;;.3~.9~6~__ ----.---- __ ~3~6~~----------~1

~ r_6_2-.~5~3-- ------_....J-2...;a- ....7-9--------------
6.S - 62~=.43" 28.83~:==;;~.=~=~~~~.==~;===;;;=======-~~.==--~=-~========--~==-=.~.==============~.=
If one plots the :t/llI' ( flow rate ) VEl pump sett.:Lng ,one
\dll discover that it. is a 9traight line. Least Square
Armlyses were performed on the data to obtain t.he
following equation for sett.ing of the pump :

l/hr a -0.154 + setting * 4.47
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was performed the next day. After that:.the coal was
spread on top of a tough plastic sheet to the thickness
of less than 1 em. 'l'hesample was air-dl:ied for tt.'10 to
five days ( depending on the * solid level ). When the
sample was non-sticky and free when touched with papez ,
the weight was again taken. The free moisture is
oal.cuLat.ed by the following formula :

% free H20 = 100 * mass of H20 removed I wet mass
The air-dried sample was then ready for sample
preparaticm.
Decanting was not necessary for the dewatering screen
product due to the lower moisture content. Air~drying
procedure could be commenced immediately after sample
collection.
4 :Particle Size Dib 1but.ion Determination,

A sample sizl\:'!of += 50.0 g was weighed and wet screened
using the screens in the following order : 45um, 63 urn,
75 urnand 106 urn.When one obtained a clear flow of water
( test by white paper ) free from any coal one could then
commence 1::11escreening of the next larger size.
The .).lOG um fraction ViaS dried and then vibrated for 20
minutes through screens of the following sizes : 150um,
2l2utt'l, 300UID, 425utt'l,500utt'I, 600um, S50um and llGOum. The
dried mass of each sizt:'class was measured. The !If
particle size distribution was calculated as follows :

%' of class X lZ 100 'k mass of class X I
crrig:i.nal sample mass

Duplicate tests were performed.
5 I Ash Lavel Detarluinat:i.on

Same as the method described in IS01J.71-
Duplicate tests were performed.

11



1 Special Devices For Flow Rate Control/sampling /
Thickener Product AdditioIl

1 ) : by~pass of cyclone overflow

E:low l~,ate cO!1tb'olby means or; uQ..JiJ~
device

This is basically a split box which alluws the incoming
stream to be divided in such a way as to give a
controlled feed flow late. The inlet stl:eam pipe is
flexible and is fitted with a round hoop which allows the
pipe to be positioned over the s1'1itter to give the
desired feed flot" rate. The pipe is then held in posd.t i.on
by means of a nut and bolt.

Xlli.Qk~hoduct uaddition Dan

Tha width of the pan Was the same as that of the
dewatering screen . The length of the pan was about the
length of four panels of the screen. The height was about
6 cm , The pan was hung above the deWatering screen so
that the chf.ckenex product could be added gently in a
councex-curxenc fashion to the cake of cyclone underflow.

~,al. set,.::J.l.ps.for. sampHnglflow rate ml"lasurem.!an.t

( :2 ) : valve underneath the dew~cering screen

The by-pass consisted of a T-junction with ~ valve on
each inlet leg which allowed control of the direction of
flow of the material.

This valve was only opened when taking samples or flow
l::ate measurements. ll.fter opening the valve I the mat.erial
was allowed to flow for 5 Sedonds before commencing the
required t.ask.

2: Sample P:reparatioI1Procedures
ll.fter the sample was air-dried and the free moisture
level determined, ge11tle rolling with a WOOdenrolling
pin wan performed to ensure that thet'e were no lumps of
materia! ~resent.

The sample was t11e11blended and mixed thoroughly by hand.
Riffling was then performed until a sample weighing
between 30g and 50 g was obtained.

3 I Free Moisture Determination Procedure
The slurry samples collected from the pilot plant test
were Weighed and allowed to settle overnight. Decanting

10



APPEND:rX·· c Operation And Control Of The
Pilot Plant



It is a well known fact that due to the inevitable
occurrences of experimental errors, when one performs
mass balance over each unit, the total inlet mass flow is
seldom equal to the total outlet mass flow. A software
programme called MICROSIM devaloped by Mr. W. Stange of
the Metallurgy Department salves this pr'obf.emfor the
user I provided that the user has a goad idea of the
magnitude of errors of each measurement.
The following data with its relative standard deviation
or estimated experimental errors are entered in each data
smoothing sessiolls of MICROSIM for each test :

the flow sheet description
the mass flow rate of at least one stream (the
writer entered all streams measured)
the particle size distribution of at least one
stream ( the writer entered all streams )

the %' ash of at least one stream ( the writer
entered aD. streams )
the %' moisture level of at least one stream
(the writer entered all streams)

It was found that the relative std. deviation of each
measurement/analysis performed was a very good estimation
of the experimental error since the iteration ccllculation
converged very quiCkly with those values as experimental
errors. Any error values larger than those would not
enable the iterat:lon calculation to converge. The
smoothed results are very similar to those of the raw
data ( Appendix D i detailed data of each pilot plant
da~a) and this confirms that the sampling and flow rate
measurement scheme is a reasonably accurate one.

8



APPENDIX B Method Of Data Smoothing Of
Pilot Plant Test Data
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testing the feasibilities of thE':new technique.
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TABLE 2
Estimation of the % Retention of - 150 urn Material of
Thick.ener Product by Different Estimation of %' Retention
Values of - 150um Material of Cyclone Underflow

Test I.D. using ret. of using 14.1 g, using 39 %0

corresponding (lowest found (highest
ExT1's in five found in five

conventional conventional
tests) tests).~-

E1T2 40.0 50.0 33.0
E1T3 39.2 62.4 19.6.
E2T2 64.1 100.2 58.8-...""-~
E2T3 56.7 98.4 50.2
E3T2 27.7 53.4 21.0
E3T3 46.2 111.0 29.5_.

"

E4'I'2 32.8 32.8 -6.9
E4T3 80.0 79.8 25.9 --
RUN 4 N.A. 96.2 51.5-
RUN 5 N.A. 40.9 28.2
RUN 6 N.A. 48.4 32.3_,

From the above table, it is obvious that using the
retention result of cYGlone underflow of the
corresponding EXTl tests gives the most reasonable result
in terms of trends and obslS!rvati.onsfrom the experiments
( based on the on-site observations, one knows that the
following tests will yield good retention of thickener
product: E2T2, E2T3, E3T3, E4T3 and Rm~ 4 ). As for RUN
4 to RUN 6, one uses the ave.raqe of the retention values
of - 150 urn material of cyclone underflow of the five
tests performed with COl'lventionaJ.methods.
Attempts had been made to use the result obtained by the
five conventional. tests to form a model, thereby using
the model to predict the rete~tion values of - 150 um
material of cyclone underflow of all the new tests.
However, the data gathered is not enough to yield a model
which gives accur'ate predictions.
It: was therefore decided to calculate the retention
values for ~ 150 um material only I not .b:"1revery size
class due to the complexity involved and the additional
results would serve little practical purpose in terms of'

5



Exp, 3 : Test 1
t Particle Size Distribution (data as is and smoothed)
""'" -~-~> .. -- _ _....,.,;. .
size size screen screen screen u/f screenum class u/f frac u/f cum %' frac !J u/f cum %'

~6 smooth smooth
~ 45 1 17.3 17,3 17.3 17.3
~ 45 2 1.9 19.2 1.9 19.2
~ 53

+ 53 .3 1.5 20.7 1 r;: 20.7.::.1
~ 63 ~
+ 63 4 3.2 23.9 3.3 24.0
~ 75 - -, -
+ 75 5 5.8 29.7 5.7 29.8
= 106

'W . ,.
~iO .. " -

+ 106 (5 9.5 39.2 9.4 39.2
~ 150
+ 150 '1 15.2 54.4 15.0 54.2
~ 212 -
,I, 212 8 16.8 71.2 _6.6 70.9
~ 300
+ 300 9 17.9 89.1 17.7 as.G

I~ 4.25

+ 425 10 5.S 94.6 5.5 94.1
~ 500 ~- .
+ 500 11 3.5 91301 3.6 97.7
~ 600 .,"
+ 600 12 1.9 100.0 2.1 95>.8
~ 850 ~.~,. -

'" 850 13 0.0 100.0 0.4 99.9
-
1180

"" 14 0.0 100.0 0.1 100.0
1180

- Eotal -"-,--- 100.0 ....,... 100.0- ,..,,~" . "'. .- ----.""'''',.,,,..,~" ..
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Exp. :3 : Test 1
t Particle Bize Distribution (data as is and smoothed)

~e '1';"
'''''

uereen s.jreUI1 tlCl:Geti [JCt'8811 sezeen stlreen
U1i\ t::lass d1l:). A dis. 1\ dis. A dis. A dis. 13 dis 13frac cum i:rad cum frac cumsmooth smcot.h- .. -
~ 45 1 1.'/ 1,1 1.8 1.8 1.5 1.51--
... 45 2 0,2 1•9 o '" 2,1 0.0 1.5....
= 5~~-
+ ~i 0.2 ~.O Oo~ 2,3 0;2 lob-
+ 63 4 0.3 ;;;.4 O.S 3,8 I) " :L8.'"~ 15-

+ 15 )) ,1..1 :3. S 1.1 3.9 O.t! ""'" l1YI

~ lOG

'" 10(:1 (j Z,~ fL3 :3.6 I). b ~.3 4 • ::I
'"" Ha
... lila '1 6t~ 12.4 5. 9 12 • I) 5.2 10.1
~ :ell:.!
,~ 212 8 9.9 220 3 !L6 22.0 8.8 19.0
;;J 300--
'I' 3M !) 1·/ .1 40.0 1'/ .4 39.4 16.<3 35.9
~ 425
'I' 425 10 lO.S 50.5 .1.0.4 49.'1 .1.0.3 46.1
~ 500
+ 500 :1.1 12 .I:l 1:)3.3 12.8 62.6 13. ~~ 59.3.. GOO~ ~

"" GOO 12 24 .0 97 .3 24 • :3 till. 9 25.8 1311.1
""" aBO
+ aso cL3 9 " !HL5 £I. 4 !)6. ~ 10.6 8B. ~I."
Hao
+ :JA 3.5 100.0 1.6 100.0 4.1 100.0
11110
t.otal lOO.a 100 ,0 100.0

...;::;;:;'=::"-'-"" - =
N. B. seree" dj,schu.t:\jG:1\ : primary dewilt.~dn\1 vrocluet

Bereen diDehurgo B : BOdondory dowatering produdt
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EXp. 2 : Test 1
General running conditions ( data ae is and smoothed

data

solid t/hr

cyclone
underflow
1.590

screen
discha~ge
1. 020

screen ..--~-~
underflow __
0.410 _
0.410Solid t/hr

smoothed
1.590 1.180

slurry t/hr
smoothed

1.S583.240 1.681

!'u' H20 surface 50.42 24.36 75.91
75.61>I; H20 surface

smoothed
50.92 24.28

19.33 18.52 23.02

- - ~ .,-". - -- -
solid solid H2O H.20 ash ash
screen screen surface surfcwe screen screen
inlet ol.ltlets ::larSlAIl screen ;i,nlet outlets
t/hr t/hr inlet out,lel~S t/hr t/hr

t/hr I t!hl' -
1.590 J•• 590 _:~~~:~~::i~ 0.311 0.311- -



EXp. :2 . 'I'est1.
Detailed solid mass balance across unit: screen for each

size class
................
size size ~ size screen % size screenum class distn. inlet distn. outlet:screen t/l'lr screen t/hr

inlet outlet
~ 45 1 8.0 0.128 8 0.128--
+ 45 :2 0.9 0.0143 0.9 0.0143
~ 53
~.53 :3 0.9 0.0147 0.9 0.0147
~ 63

+ 63 4 1.6 0.0248 1.6 0.0248
~ 75
+ 75 - 5 2.8 0.0442 2.8 O. 04tl~
105

+ 105 6 4.5 0.0723 4.5 0.0723
~ 150
+ 150 7 7.4 0.118 7.4 O. Olla
~ 212
+ 212 8 9.9 0.158 9.9 0.158- 300
+ 300 £) 15.3 0.244 15.3 0.244- 425 - 1'--

+ 4:25 10 8.6 0.13'1 8.1S 0.3.37- 500
+ 500 11 10.1 0.161 10.1 0.161- 600
+ GOO 12 18.9 0.300 18.9 0.3
- SSc--.~b50 13 7.S 0.124 7.8 0.124- 1180
+ 1180 J.4 3.2 0.0508 -- 3.2

""'"
0.0508.' ~-:;:J- -=
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Exp . .2 : Test; 1

% Total Retention ( data as is and smoothed data )
--,

size size % frac %, cum ~ frac * cumum class retention retention retention :1;'etention
smooth smooth

~ 45 1 30,S 30.5 28.7 28.7
- 45 2 1.4 28.4 31.2 29.0- 53
+ 53 3 1.4 26.6 32.8 29.3- 63 -
4- 63 4 22.0 26.1 35.4 30.1- 75 -
+ 75 ~ .5 "4.3 27.6 40.0 32 1
105

'" 105 6 44.0 31.15 47.3 35.8- 150
+ 150 7 54.4 38.1 56.S 41.7
~ 2J.2- -
+ 212 8 63.3 45.1 64.8 48.0- 30

'" 300 9 74.1 54.a 74.5 56.0- 425
+ 425 10 84.2 58.5 84.0 60.0
~ 500
+ 500 11 91.4. 63.5 90.7 64.4- 600

'" 600 12 97.3 70.9 97.1 '71.4
~ 850
'f' 850 13 98.7 73 .3 97.7 '73.5- lJ.80
+ 11130 14 98.4 74.1 96 .6 74.~
total 74.1 "74. :2.. , - _ ...... ..-~...=- . _-.....- .._ .......,"'_ .
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EXp. :3 : Test 1
t Particle Size Distribution (data as is and smoothed)

. .
size size cyclone cyclone cyclone cycloneurn class u/f frac u/f cum t' u/f frac %' u/f Clum !!;

% smooth smooth
~ 45 1 8.4 8.4 8.0 8.0
- 4S 2 0.6 9.0 0.9 8.9
- 153
+ 53 3 0.6 9.6 0.9 9.8- 63
- 63 4 1.3 10.9 1.6 11.4- 75
+ 7S £5 :.),,6 13.5 2.8 14.2- 106
+ 106 6 4.3 17.8 4..5 18.7- 150
+ 150 7 7.1 24.9 7.4 26.1- 212 -
+ 212 8 9.6 34.6 9.9 36.0- 300 -......._~

+ 300 s 15.3 49.8 15.3 51.4
&::J 425
+ 425 10 8.7 58.5 8.6 60.0
- 500~- _.
+ 500 11 10.5 69.0 10,1 70.1- 600 --
,~ 600 12 19.5 88.4 18.9 89.0- 850
+ 850 13 8.2 96 .6 7.8 96.13-1180
.~ 14 3.4 100.0 3.2 100.0
1180
total 100.0 190•0,~- -= ------ -
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EXp. 2 : Test 1
~ Particle Size Distribution (data as is and smoothed)

-
size size screen screen screen u/f screenum class u/f frac u/f cum % fretc~ u/f cum %_. £\.; smooth smooth
- 45 1 22.4 22.4 22.2 22.2
- 45 2 2.4 24.9 2.4 24.6- 53 -
+ 53 .3 2.4 27.3 2.4 27.0- 63
~ 63 4 3.9 31.2 3.9 30.9- 75 -
... 75 5 6.5 37.8 6.5 37.4
- 106 - -~
+ 106 6 9.4 47.1 9.3 46.6- 150 -
+ 150 7 12.4 5.9.6 12.4 59.0- 212

N

<I- 212 8 13.7 73 .3 13.5 72.6
~ 300 -
+ 300 9 15.3 88.6 15.2 87.7- 425
... 425 10 5.3 93.9 5.3 93 .1.~SOO
... 500 11 3.5 9'7.3 3.6 96.7- 600 -
+ 600 1;;: 2.0 99.4 2.1 99.9- 850
+ 850 13 0.4 99.S 0.7 99.6-l180 -... 14 0.2 100.0 0.4 100.0
1180 -- ---
total 100.0 100.0

.-::-
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EXp. :2 : '.l.'est1
% Particle Size Distribution (data as is and smoothed)

size size
um class

14

100.0

scr sen
dis. A
cum

screen
dis. A
frac
smooth

screen sczeen
dis. A ciil'J. B
cum f~ frae
smcot.h

screen
dis S
awn

screen
dis. A
frac

- 45 1 2.8 2.8 3.1 ;3.1 ;;.5

+ 45 2
- 53

+ 53 :3
- 63

0.1

0.3

3.0

3.3

0.4

0.4

:3.5 0.2

3.9 0.0

.. \)3 4
= 75

0.6 3.8 0.7 4.6 0.4 3.0

l' 75 5
- lOG

1.5

+ lOG 6
- 150

3.0

5.3 1.5 6.1 1.1 4.1

6.68.3 2.9 9.0 2.5

11. 9+ 150 '7
- 212

5.9 14.2 5.7

+ 212 8
- 300

9.0 23.2

9.8 48.8

14.7 5.3

20.48.15

9."1

+ 500 11
- 600

12.3 61.1

23.3 8.5

38.1 15.8

48.5 10.1 46.3

60.9 13 . .3 59.15

.. 300 9 15. a 39.1 15.4~_i?_5-+ -r ~ ~ ·__+- ~ ~ ~1
+ 4e:S 10
= 5t10

+ 600 12
~ 850

25.0 86.1 24.7 85.15 25.7 85.3

+ 850 13 10.l 10.3 95.8 10.s 95.~
.1.1130I~~~~------~------~~------~----'---r--'----~-------'-r--------~I4.2 100.0J.8 100.0

~======~~=================*=========-==-,==.==============~!~otal 100.0

N.B. screen ~iBcharga A primary dewatering product
screen disl~harge B secondary dm'l1atedng product

21
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Exp. 1 : Test 1
General running conditions (data as is and smoothed

data)
~. .

cyclone screen screen
underflow discharge underflow

~.lid t/hr 1.750 0.880 0.500
solid t/hr 1.728 1.233 0.495
smoothed
slurry t/hr 3.630 1. 627 :2.003
smoothed
% H2O surface 51. 63 24.35 75.78

~ H2O surface 52.40 24.23 75.29
smoothed
90 ash 19.40 21.10 21.50
0, ash smoothed 19.54 r 18.79 21.41'u

- - -
solid solid H2O H2O ash ash
screen screen surface surface aczeen screen
inlet outlets screen screen inlet outletst/hr t/hr inlet outlets t/hr t/hr

t/hr t!hr
1.728 1.728 1.902 1.902 0.338 0.338- - ~

20



1.p.l:Testl
Detailed solid mass balance across unit screen for each

size class
-

size sIze ~u size screen % size screenurn class distn. inlet distn. outlet
~creen t/hr screen t:/hl.~
inlet , outlet

- 45 1 11.0 0.19 11.0 0.19 ~

- 45 2 0.9 0.015 0.9 0.015- 53

+ 53 3 0.9 0.0155 0.9 0.0155
- 63 -
+ 63 4 1.7 0.0293 1.7 0.0293- 75

I + 75 - 5 3.0 0.0513 3.0 0.0513
105

+ 105 6 4.7 0.0805 4.7 0.0805- 150
+ 150 7 7.0 0.121 7.0 0.121- 212 -
+ 212 8 9.1 0.157 9.1 0.157- 300
+ 300 9 14.1 0.243 14.1 0.243- 425

+ 425 10 8.1 0.139 8.1 0.139- 500 - .
+ 500 11 10.1 0.174 10.1 0.174- 600
+ 600 :12 18.7 0.324 18.7 0.324- 850
+ 850 13 7.7 0.132 7.7 0.132- 1180 -
+ 1180 14 3.2 0.0561 3.2 0.0561-

3.9



Exp. 1 : Test 1
% Total Retention ( data as is and smoothed data )

,- -
size size %' frac s- cum %' frac %" cum0um class retention retention retention retentionsmooth smooth
- 41:) 1 16.5 16.5 20.0 20.0
+ 45 2 22.5 16.9 I 23.0 20.3
..... 53

I
-_

+ 53 J 29.1 17.7 2!J,O 20.6
- 63 ---t-
+ 63 4 20.3 17.9 28.4 21.5
~ 75
+ 75 - 5 33.5 20.7 33.4 23.5
105 -'

+ :LOS G 42.7 25.5 42.8 27.6- 150
+ 150 7 53.2 32.5 52.9 33.7- 212
+ 212 8 62.9 39.9 62.4 40.5- 300
+ 300 9 74.6 49.5 74.8 49.8
- 425
+ 425 10 85.5 54.4 95.4 54.5- 500
+ 500 11 92.0 59.6 92.5 59.9
w 600
+ 600 12 97.6 67.6 97.9 67.9
~ 950

,i + 850 13 100.0 '/0.2 99.7 70.4
w 1.180

~~- .... ._
+ 1180 14 100.0 71.3 98.7 73..4- -

=tota~ 71.3 71.4
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Exp. 1 : Test 1
% Particle Size Distribution (data as is and smoothed)

size size cyclone cyclone cyclone cyclone I
urn class u/f frac u/f cum SJo u/f frac %' u/f cum %

% smooth smooth_,-
- 45 1 10.6 10.6 11.0 11. 0
- 45 2 0.8 11.4 0.9 11.9- 53
+ 53 3 0.7 12.2 ~.9 12.8- 63
- 63 4 1.5 13.7 1.7 14.4- 75
+ 75 5 3.0 16.6 3.0 1'7.4- 106
+ 106 6 4.7 21. 3 4.7 22.1- 150
+ 150 '7 7.2 28.5 7.0 29.1
- 212

+ 212 8 9.2 37.7 9.1 38.2
~ 300
+ 300 9 14.3 52.0 14.1 52.2- 425

,....................

+ 425 10 8.2 60.2 8.1 60.3- 500 --
4· 500 11 9.9 70.0 10.1 70.4- 600 -
+ 600 12 18.5 88.6 18.7 89.1- 860 -
+ 850 13 7.7 96.3 7.7 96.8-
1180
+ 14 3.7 100.0 3.2 100.0
11bO
total 100.0 100.0--
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Run 7
~. l?ttJ~ticle Size Dis:.ot:dbution (data as is and smoothed)

........... - ·"''''''''-....,,~·" .. =T "'_......

size size screen screen Sdreen u/f screenum class u/f h:ac u/f cum ~ti :Erae ~.:i U/f cum !It
% smooth smQ.otl:l_

~ 45 1 11.5 11.5 11.3 11.3
+ 45 2 1 .2 12.7 1.3 12.15
~ 53
+ '13 3 1.2 13 .£1 1.3 14.0
- 63
+ 153 4 1.9 15. 7 ;a.o 16.0
~ 75
+ 75 5 4 .6 20 .3 4 .6 20.6
~ 10~

'" lOG £} '1 .5 27 .r, ., .5 28 .1
~ 150
4- 150 7 12 .6 40 .5 12 .4 40 .5- 212

"" 212 8 1G .8 57 .2 16.6 57 .1
~ 300
4< 300 9 22 .G '19 .9 22 .2 79.3
~ 425
'I· 425 10 8.13 88 .7 a.a SELl
~ 500
'I· 500 11 G.5 95 .2 IS.S 94.7
~ GOO
-+ 600 12 4.2 99 .4 4.4 99 .0
""" 850
~.950 13 0.4 99 .8 O. '1 99 .7
1180
+ 14 0 .2 100 .0 0 .3 100 .0
1180

,,_~ot~}.l -~-- .190 ..9.. 100 0
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Run '1

lI; Vcu:t.iele Size Distribution (data &9 is and smoothed)

a1,zeum screen
dis cum ~"

0.2

screen
dis cum !I:
smooth

screen dis
frac ~"
smooth

s screen
elasE! dis frac

~

1 1.9 1.9 1.6 1.6
::1 0.0

0.0 0.2

1.S

2.0

+ 63 4
~ 75

2.40.3 0.3

0.6 O.S 3.1

+ 106 6
..150

4.74.3 1.5

... :1.50 '1
~ 212

3.9 B.2 :3.7 8.4

15.4-j 212 8
~ 300IF---~~F------r-----'-----+--=-------'F---------~~------~I
'i' 300 s
~ 425.

7.3 15.5

15.9 15.3

'" 425 :1.0~ 500
10. "/ 42.0 10.6

'"500 11~ 600
14.2

94.5'~600 12
~ 9S0

M .'1

+ 950 :1.3

aaso1~~~4------+--~=-----F-=-------~----------'~---------
'I<

_1180

10.13 11.1

4.5 100.0 4.5 100.0

30.7

41.4

95.5



EXp. 4 : 'rest 1
General running conditions (data as is and smoothed

data) -
~91i~JJ_l_lr ~2_.~O,_5_0 -==F_~_1~..O~~O_O ==~~O_._70_0~__ ==-=~1

solid t:./hr 1.1330 1.127 0.703
smoothed
slurry t/hr
smoothedII~~~~~------F---------~~~·-----'
,~ H20 9ul':face
ll; li20 surface
smoothed

cyclone screen acxaen
underflow discharge underflow

5.507 1.518 3.990

66.39 :35.79 82.01
2!5076 132.38

solid
f!1creen
inlet
t:/hr

solid
screen
outl<l!ts
t/hr

1. 830

17.76

ash
screen
outlets
t/l'lr

H20 H20
surface surface
screen screen
inlet outlet~
t/hr t/l'lr

ash
s~t'een
;.nlet
t/hr

38



Exp. 4 : Test 1
Oetailed solid mass balance across unit screen for each

size class

size size ll; size SCl::een ~ size screen
urn class dis tn. inlet distn. outlet

screen t/hr screen t/hr
iu)et outlet

- 45 1 ll.4 0.209 11.4 0.209r-- -
'I, 45 2 1.0 0.0193 1.0 0.0183
~ 53

+ 53 3 1.1 0.0202 1.1 0.0202
~ 63
+ 63 4 1.4 0.0253 1.4 0.0253
~ '"/5

'¥ 75 ~ 5 2.8 0.0504 2.8 0.0504
105

+ 105 IS 4.6 0.0837 4.6 0.0837
- 150
+ 150 '7 7.(5 0.138 7.6 0.138
- 212 --
." 212 a 10.3 0.188 10.3 0.188
= 300

+ 300 9 16.0 0.293 16.0 0.293
~ 425
~, 425 10 8.4 0.154 8.4 0.154
"' 500 -- -.~500 11 10.0 0.182 10.0 0.182- 600.

~"M_";H~

'r 600 12 17.3 0.:316 17.3 0.31G- 850 _ .._-
9> 850 13 6.3 0.116 6.3 0.116

tUBO
_1180 .

7'<1 ~""""")ii
14 !.9. 0.0357 1.9 0.0357~ - "".....- - =--~~
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Exp. 4 : Test. 1
~ Total Retention ( data as is and smoothed dat.a )

size size
um class

~ 45 1
+ 45 :2
~ 53
+ 53 3- 63
+ 63 4
... 75
of-' 7$ ~ 5
105

+ 105 s
w 150
+ 150 7
~ 212
+ 212 a
~ 300
+ 300 9.. 425
+ 4:25 10
- 500
+ 500 11
- 600

'" 600 12.. SSC
+ 850 13

r-~~180
,1' 1180 14
total

== ==

~J frat:
retention

20.4
21.2

~.; cum
retention

20.4
20.5

!!; f.cac
retention
smooth
ILl

11.0

%, cum
retention
smooth
8.1
8.3

38.7

29.9

21.8

22.6

13.1

1$.9

8.7

9.4

24.4

36.e5 2!5. 7

20.3

25.9

44.1

56.3

30.4

:31.1

69.3

Sl.B

36.5

50.2

11.1

14.1

19.8

27.6

38.346.4

51. 0

65.2

79.3 43.7

49.487.9

98.6

55.8

GS.3

aG,7

%.1

98.9 60,9



EXp. 4 ! Test 1
~ Particle Size Distribution (data as is and smoothed)

- ~--
Cl'c{~no Isize size cyclone cyclone cyclone

um class u/f frac n/f cum 0, ulf frac ~ u/f cum ~~0

~ smooth smooth_~.
- 45 1 11. 7 11.7 1:1..4 11.4-
.... 45 :2 1.0 12.7 ,..0 12.4
= 53 _.

.... 53 :3 1.0 13.7 1.1 13.5
~ 63
~ 63 4 1.5 15.1 1.4 14.9
= 75 --
.... 75 .5 2.6 17.7 2.8 j7.'7
w lOG
.... lOG 6 4.7 22.4 4.6 2:~.:3
= 150.-- ---
+ 150 '7 7.6 30.1 7.6 29.8- 212 _--..- 1---' .
.... 212 8 10.6 40."' 10.3 40.1
= 300

'" 300 9 J.G.4 57.1 1.6.0 56,1
Q 4,1.l5 --,;;

+ 425 10 8.5 65.5 8.4 64.5- 500r'- -
'l' 500 11 9.9 75.4 J.O.O 74.4
= tiOO ~-
>I- 1500 12 16.7 92.2 17.3 91.7
= 850
.1< 850 13 6.0 98.2 6.3 98.1-

H
180. -, _. .......

14 1.8 100.0 1.9 100.0

1:~.~~
_~ -

__tOQ. L~= 100.0
"

._.""" =: =----=-...:.:.= - =
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EXp. 4 : Test 1
% Particle Size Distribution (data as is and smoothed)

.- - ,- 0'size ~ze screen screen screen u/f screenum class u/f frac U/f cum ~o frac tt; u/f cum ;"j

~J smooth smooth
~ 45 1 27.3 27.3 27.4 27.4
+ 45 :2 2.0 29.6 2.3 29.7
- 53
+ 53 3 1.8 31.3 2.5 32.2
= 63 -

+ 63 4 3.0 34.3 3.0 35.2- 75
+ 7$ 5 5.8 40.1 5.7 40.9- lOG -
.f. lOG 6 8.9 49.9 8.8 49.S
- 150 -
.f. 150 7 12.5 61.4 12.5 62.3- ~12
+ 212 8 13.5 74.9 13.3 75,6
R 300
+ 300 9 14.8 89.7 14.5 90.1
..... 42$
+ 425 10 4.5 94.2 4,5 94.6
= 500 -----
of. 500 11 3.5 97.7 3.5 91301
- 600 -_.._ --
of. 600 12 2.0 99.7 1.7 99.8
= 850
+ 850 13 0.3 100.0 0.2 100.0-1180 -... 14 0.0 100,0 0,0 100.0
ra ao -total lOO.Q 100.0--___ '- - _.,., ..:i' #,_ _'=-'_' ,- ,-.....~ .
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Exp. 4 : Test 1
% Particle Size Distribution (data as is and smoothed)

- ---- -

size size I screen screen Sdreen screen screen screen
Ull\ cluss dis. A dis. A dis. A dis. A dis. l.'l dis 13

frae cum frae cum '8 frac CUlII
smooth smooth-~ 45 1 1.4 1.4 1.5 1.5 1.5 .J.. 5

+ 45 ") 0.0 1.4 0.2 1.7 0.1 1.6...- 53

+ 53 :3 0.1 1.5 0.2 1.9 eLl loB- 63

+ iS3 4 0.3 loll 0.4 :303 0.3 2.0
~ '15
+ '15 /3 O.S 2.6 O.g 3.2 1.0 3.0
~ 106
+ lOti \:1 1.9 4.5 1.9 5.1 :L3 15.3
= 150

-l- 150 1 4 ~ 9.0 4.5 1'), 6 4.9 10.2.'l
.... 212 .....l_
+ 212 B 9.2 1'1.2 IL4 1'1,9 8.6 lS.a~ 300

+ 300 9 16.8 34.1 J1.0 34.9 16.9 35.'1- 425
1- 425 10 10.8 I).!j. ~I 10.9 115.7 10.8 46.5
"'" 500
1, 500 11 14.1 59.0 14.0 59,1 14.0 60.5
= 600
1---

'I, 600 12 :::'1.4 $6.3 2'1.0 86.1 26 Jd. !HLIl
~ 850

~;....

+ 850 13 10.4 9tl. "I 10.1 96.B 10.0 9i'). '1

11BO _.....----
+ 14 :L3 lOO.O 3.2 100.0 3.3 100.0
1180
t;otal 100.0 .1.00.0 100.0=.~

N.8. sczeen disehuJ:ge A primary dewatering product
sczeen discharge 13 secondury dewa tel; inti product
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EXp. 3 : Test 1
General running conditions (data as is and smoothed

data)
--- - - -

cyclone screen screen
underflow discharge underflow

sOlid t/hr 1.630 1.130 U9.2___.._.._
soll.d t./hr 1.627 1.227 0.400
smoothed --slurry t/hr 3.572 1.647 1.925
Sl .)othed
I-'-

% H2O surface 53.74 25.62 79.G1 ,---
$I, H2O surface 54.4$ 25.50 79.220

smoothed --
~ ash 18.23 17.08 22.31- --
% ash smoothed 18.36 17.08 22.30- -

-

~

solid solid H2O H2O ash ash
screen screen surface surface screen screen
inlet: outlets screen screen inlet outlets
t/hr t/hr inlet outle= I ~/hr t/hrt/hr__ t/hr

I 0.299 :111.627 1.627 1.945 1.945 0.299- == ::



Exp. 3 : Test 1
Oetailed solid mass balance across unit screen for each

size class

size size 90 size screen %' size screenum class distn. inlet distn. outlet
screen t!hr screen t!hr
inlet outlet

- 45 ~ 5,6 0.0914 5.6 0.0914....

+ 45 2 0.7 0.010e; 0.7 0.0106
- 53
+ 53 3 0.5 0.00875 0.5 0.00875- 63 '_
+ 63 4 1.2 0.0197 1.2 0.0197- 75 ._- --
+ 75 - 5 2.3 0.0367 2.3 0.0367
105 -

+ 105 6 4.3 0.0700 4.3 0.07
- 150
+ 150 7 8.1 0.132 8.1 0.132
~ 212 -
4- 212 8 11.3 0.184 11.3 0.184
- 300
+ 300 9 17.5 0.284 17.5 0.284- 425
... 425 10 9.2 0.149 9.2 0.14.9- SOO
.~SOO 11 10.6 0.172 10,6 0.172- 600 --
+ 600 12 18.9 0.307 18.9 0.307
- 850 .
... 850 13 7.2 0.117 7.2 0.1:1.7- 1180 --
+ 1180 14 2.8 0.0450 2.8 0.045- ,.1..
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Exp. 3 : Test 1

% Total Retention ( data as is and smoothed data )
==size size % lrac % cum 90 frac %CU~um class retention retention :r:etention retention

smooth smooth
- 45 1 26.9 26.9 24.5 24.S
-l- 4S 2 4.7 25.2 27.2 24.8- 53

+ 53 3 6.4 24.1 29.9 25.2
- 63
+ 63 4 18.3 23.3 33.1 26.4- 7S -
.J. 75 ~ 5 30.3 21.8 37.4 28.8
106

+ 105 6 42.5 30.0 46.2 33.9- 150

l.=
150 7 51.9 37.9 54.6 41.3
212 --- ~

+ 212 8 62.4 46.2 63.8 48.8- 300 - _.
-l- 300 9 74.6 56.0 75.0 57.7
- 425 ._
+ 425 10 85.2 60.5 85.3 61.8- 500
+ 500 11 92.0 65.4 91.7 G6.3 Ii II

- 600
+ 600 12 97.7 '72 .5 97.3 72.8- 850
+ 850 13 100.0 74.7 99.5 74.7
~ 1180
+ 1180 14 100.0 75.4 99.2 75.4. "-
tr.1tal 75.4 75.4
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Exp. 3 : Test 1
% Particle Size Distribution (data as is and smoothed)

size size cyclone cyclone cyclone cycloneurn class ulf frac u/f cum % u/f frac % u/f cum %
:?6 smooth smooth

- 45 1. 5,8 5.8 5.6 5.6
45 2 0.5 6.3 0.7 6.3
53

+ 53 3 0.4 6.7 0.5 6.8
- 63
- 63 4 1.0 7.7 1.2 8.0
~ 7S
+ 75 5 2.0 9.7 2.3 10.3
~ 106
+ 106 6 4.1 13.8 4.3 14.6- 150
+150 7 7.8 21.6 8.1 22.'7
- 212 ._
+ 212 8 ),1.0 32.6 11.3 34.0
- 300
+ 300 9 17.3 49.9 17.5 51.5
- 425

'" 425 10 9.1 59.9 9.2 60.6- 500 -
'" 500 11 10.8 69.8 10.6 '7J. . 2- 600

'" 600 12 19.7 89.5 :1.8.9 90.:1.- 850 r,

'" 850 13 7.6 97.1 7.2 9'7.2 1
w

1180
wo_ . --

+ 14 2.9 100.0 2.8 100.0
1180
total 100.0 100.0---. .
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EXp. 1 : Test 2
Ge11eral running ccmditiol1s ( data as is and umoothed

data )
_""'"" ~.""..,"'.~"-.="' .. ,,--' - -- -;;;,"""",--,.. -~.----""" - ~ =-,.".

cyclone screen screen~ u/f thickener
u/f disch. prod
1.51,8 1. 54'7 0 .G09 0 .637

3 .667 2 .035 :3 .096 1.462

59.79 23 .79 79 .54 56. 89
~~

59 .60 23 .98 80 .33 56 .44

slurry
t/llr
smoothed
~ a20
surfad"~~..
!k H~O
surfaCe!
smoothed

13.62
13.50

'Ii ash 21.03 17.59 22.02
smoothed,....-=r,.. ...~'" ~ ..........-- _,_.,. - ==- ==--
rr;:~=;-I;Oli~-"'~~;.~-_. H;~--'*--
.screen I screeu surface surface
inlet outlets screen Bcreen
t/l'lr t/l'lr inlet outlets

____ +-t:~/~hr~~__+~tLh-r----~----.--~--------~1
2.155 2.156 2.974 2.975 0.406 0.406= ~'"",,~==~====""=-'~.:I t:::__",:;:.=.~~====~.,;,,_=.::.:--,. =-

ash ash
inlets outlet:
acreen screen
til'll: t/llr



EXp. 1 : Test .2

Detailed sOlid mass balance across unit screen f~r each
size class

~"-""~~"'-""-

si2e size i~ size screen 9t( size screenum class distn. inlet dist1'l. outlet9c:r:een t/hr screer... t/hrinlet outlet
~ 45 :1. 1J..2 0.242 11.2 0 .242~
+ 45 :2 1.0 O.022G 1.1 0.0226
~ 53
l' 53 :3 1.1 0.0230 1.J. 0 .0230
~ 63

+ 63 4 l.a 0.0395 1.a 0.0395
~ 75
+ 75 ~ 1:5 3.3 0.0708 .3 • :3 0 .0709
105

+ lOS 6 4.8 0.103 4. a 0.0103
~ 150

*' 150 7 7.3 0.157 7 .3 0 .157
~ 212

_,iii ....?

+ 212 a 9 .2 0 .197 9 .2 0.198
~ 300
+ 300 9 13 • B 0.29B 13 .8 0 .298
.. 425
i--

'I< 425 10 a .3 O.1~lg a .3 0.:1.79
~ SOO ~-
+ 500 11 10 • J. 0.218 10.1 .218
~ 600
." GOO 12 113.1 o .3$11 18 .1 0 .391
..850 -,---~ -.

'to 8S0 13 7.4 0.159 "I .4 0.159
w :l.:L S 0
+ 1180 J.:4 2.6 0.0563 .2 .6 0.056~hec=-;;; .... ,,·. "."....-~. """.,"'. -",.,.-e ._ _ .., '~--"-"" ", ..,. ...,=,~".,=.:;:.=~--,--<..=
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EXp. 1 : Test '2
~ Total Retention ( data as is and smoothed data )_ .

.-~ ~ ~,."~""..,.,.."'..... ,- ~"""",,,,,=....,............,,,,>-" '..=,--'---
size SiZ8 !l..; frae 1(; cum !~ :Erae li; cumum class t'etention retention retention retention

smooth smooth
~ 45 1 26.1 :.Hi.1 27.5 27.5
+ 45 2 39.1 27.·1 31.3 27.S
~ 53 "'-
.f. 53 :3 27.5 27.4 32.8 213.2
~ 63

I' 63 4 40.3 29.0 36.9 29.2
~ 75
+ 75 ~ 5 47.4 32.5 42.4 31.El
105

+ 105 6 fSl.4 36.5 48.7 35.1
~ 150
+ t50 7 59.6 42.1 57.0 40.3
~ 212

>I- 212 8 66.3 47.8 64.4 45.9
~ 300
.~300 9 '"74• .3 54.6 73 .1 52.9
~ 425 w•• ___

-.__.......__ --.;~.

+ 425 10 84.0 58.6 83.1 :56.9
~ 500
+ 500 11. 90.0 62.9 90.0 61.6
~ 600 -----
.... GOO :1,2 %.2 69.4 96 .8 613.7
~ 950
... 850 13 99. :1• 71.$ 99.9 71.0
" 1180
4' 1180 14 97~.:3 '12.1 99.9 71.8- ~.......,._

t.otal 74.5 ,-- 99.s)~ ... .~--lI'==='-'" =.t;:;'t~
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Exp. 1 : Test 2
!\; Particle Size Distribution (data as is and smoothed)
-- - .~ "~""'""'*"

size size thicleenel" thicle91"1er thicke!l'l.er thickenerum class prod frac prod cum prod frac pt'od cum
!~ *'

g, smooch !It smooth•
~ 45 1 23.9 23.9 24.0 24.0~
+ 45 2 2.7 2G.7 2.6 215. '7
~ 53

1-- .-

+ 53 :3 :2, 2 28.9 2.1 28.8
~ 63

+ 63 4, 3.9 32.8 3.8 32.6
~ 75 - -

+ 75 5 7.4 40.2 7.3 39.8
" 106 ,., ------ --
+ 106 6 9.2 49.4 9.1 49.0- 150
+ 150 7 12.3 131.7 12.1 61.1
~ 212
+ 212 S 11.6 73.3 11. s 7'2.7
~ 300
+ 300 9 12.1 85.5 12.1 84. S
~ 425 - ----.-"
+ 425 10 4.6 90.1 4.0 89.2
~ SOO
+ 500 11 3.9 94.0 3.9 93.1
~ 600
+ 600 12 4.6 98.6 4.9 98.0
~ 850 --
+ 850 13 1.0 99.7 1.5 99.S
~
1180 -
'" 14 0.3 100.0 0.5 100.0
:I.lBO

total 100.0 .~, 100.0 ~:c=::--:--=.....-- =--=w_ ~~ ~- -, Im=-'·===r:,.,



EXp. 1 : Test 2
% Particle Size Distribution (data as is and smoothed)

---='- ~ - ~~
size size cyclone cyclone cyclone cycloneum class u/f :frac:: u/f cum % u/f frac ~ u/t: cum Pt)'

Vo smoot.h smooth-- 45 1 5.5 5.5 5.9 5.9
oj. 45 2 0.5 6.0 0.4 G.2
~ 53 -

'" 53 :3 0.5 6.5 0.6 6.9
~ 63~-
1- 63 4 1.0 7.5 1.0 7.9
" 75 - .,. .....-
1- 75 .5 1.9 9.4 1.6 9.5
= 106 - -

<I- 106 (5 3.1 12.5 2.9 12.4- 150
+ 150 7 5.6 18.l 5.3 17.7- 2l:(, -- -
'r 212 8 8.6 26.7 8.1 25.8
~ 300
+ 300 s 14.9 41.6 :1.4.6 40.4
~ 425 - --

'" 425 10 10.1 51.7 9.$J 50.3- 500
C~I.

<I- 500 11 12.7 64.4 12.7 153.0
u GOO -
+ 600 12 23.0 87.4 23.7 BEL '7- 850 -- -

.j. 950 13 9.4 %.8 9.8 %.5-1180 -

~. 14 :3.1 99.9 3.5 J.OO.O
J..~.!llL-
~~al 100.0

"~ ~. ,...... '"
100.0

~~-lO.n"::..~"":'-'''=~ - .", .... "
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Exp, 1 : Test 2
% Particle Size Distribution (data as is and smoothed)

.'--
size size screen screen screen u/f screen
urn class u/f frac u/f cum ~, f:rac % u/f cum !~u

% s~ooth smooth
~ 45 1 2!LO 29.0 28.8 28,8

+ 45 2 2.5 31.5 2.15 31.4
~ 53
+ 53 3 2.6 34,1 2.5 33.9
- G3
~.63 4 4.0 38.1 4.1 38.0
~ 75
+ 75 5 6.G 44.6 ~ '1 44.7
~ 106

'" 106 6 8.6 53.2 S.7 53.4
~ 150
+ 150 7 :1.1.0 64.2 11.1 64.5
~ 212-.,
+ 212 8 11.4 75.7 11.6 76.1
...300r---
+ 300 9 l:LO 88.7 13.2 89.3
~ 425
+ 425 10 4.9 93.5 5.0 94.3
... 500
+ 500 11 3.6 97.2 3.6 9'"/ .5)
~ 600 1_-
'" 600 12 2.4 99.S 2.1 100.0
- 850 --
'" 850 13 0.2 99.8 0.0 1,00.0

1190 ----,--_.-.
+ 14 0.2 100.0 0.0 100.0
1180
total "-~ 100.0 , ~--= J.OO,,!O.. ~"-~ ::: ._..,.,..,...,.,..;;,:;: •.- ...... ,{""""':;;"":i' "_ .... ,"""'" =;:=
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EXp. 1 : Test 2

%. Particle Size Distribution (data as is and smoothed)
= -- ----- -

£11:e lli~El screen screen screen sc:roen screst! scr eenum class eli,! • A dis. A dis. A dis. A UJ,S. B dis ~
frtlc cum fruc cum frac eW11

smooth smooth

- 45 1 4.1 4.7 4.3 4.3 -1.'1 11."1

+ ·15 .2 0.3 5.0 0.:5 4.8 0.5 5.2~ 53 ~~
+ 5j :3 0.2 1502 !J. 2 I. t'L3 5.5~ 63

+ 63 4 0.6 5.S C.9 6.2 0.6 6.1
~ 75
'i- 75 1) 1.7 1.5 1.9 ILl 1.8 !l.0
~ 106
+ 10E\ I) 3.1 10.6 :$02 11.4 3.2 11.2

r-'-
150

+ 150 '1 5.5 1 (,,1 5.B 17.1 5.7 H. (1- 212

+ 212 8 7.8 23.9 25.4 B.3 25.1- 300
+ 300 9 rs. B 37./ 14.1 39.4 H. '; 39.0- 425
+ 425 10 9.1 47.1 9.6 4Sl. 0 9.5 49.3

1-: ,!§.Op_ --
<I- 500 11 llL7 59.S 12.7 61. '1 12.6 61. 9
~ 600
+ 600 1') 25.4 a5.2 24.5 96.1 24.5 Btl.4,~- 850
<I- aso 13 10.7 95.9 10.2 96.11 10.0 96.:1

lltlO

+ 14 4.1 100.0 3.6 100.0 3.'1 100.0
i rao
~<!Jill.l ~.~O.O .~ 10Q.&... 100.0

:) ;;'C't":==="",' _

N. B. screen dj,scharg"i A : primary dewa toting produet
sereen disehnrge !~ : secendaey dewutoring product



!tun 7
General l::unnil1gconditions (data as is and smoothed

data)
- ~

cyclone screen screen cyclone feed to
:-,'

u/t disch. u/f olf cyclone
solid 1.650 0.990 0.370 0.610 N.A.
t/hr -solid 1.1598 1.347 0.350 0.613 2.310
t/hr
smoothed __ _,.-slurry 3.853 1.864 1.986 '1.643 11.491
t/hr
smoothed __ ,-
~u' H2O 54.53 28.02 83.06 91.90 130.13
surface -
~; H2O 55.93 27.74 82.38 91.98 79.90
surface
smoothed ==:---

=
solid solid H2O H2O solid solid
scxaen screen surface 9UlAface inlets outlet:j.nlet outlets screen screen to sump sump
t/llr t/hr inlet: outlet.s t/hl~ t/hr

t/hr tlllr
1.1599 1.697 2.155 2 ~:t§.3 2.310 2.310~
H2O H2O solid solid fH20 H2O
surface surface cyclone cyclone surface surfacesump sump inlet outlets cyclone cycloneinlets outlet tlhr t/hr inlet. outlets
t/hr t/11r _til!! t/hr

~;ta3, U81 2.310 ~L311 9 ..;.~.L_Li.!...lS5 __
.:r.:.... -; =
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Run 1
%' r.r'otalRetentiol'J.( data as is and smoothed data )

- -- ._ --
size size s:; fraa % cum % fr1.c !~ cumum class retention retention rettantion retentionsmo)th smooth
- 4.15 1 27.4 2,'/ .4 35. ·1 35.4,_
+ 45 2 0.2 25. :3 36.5 35.5
~ 53
+ 53 3 0.2 23.5 37.5 35.7
- 63

+ 63 4: 33.6 24.9 38.6 3G.1- 75
+ 75 ~ 5 22.3 24.3 39.7 36.9
105 - --

+ 105 6 34.1 2'7.2 44.0 39.0
- 150
+ 150 '7 44.9 33.8 5:3.4 44.3

...:..2,12

+ 2:1.2 8 54.9 41.6 62.0 50.9
~ 300
'r 300 9 66.6 51. 8 72 .6 59,8- 425

+ 425 10 78,1 57,0 82,3 G4,3- 500
+ 500 1:1. 86.5 62 ..., 89,,3 69.3
~ GOO - --
+ 600 12 94.9 71.3 %.2 7G.G- 850 -

+ 850 :1.3 98.2 73. '7 98.4 78.6
" 1180 -
+ 1180 14 98.6 74.5 98.4 79.3-total. 74.5 79.3 _,'-=--===,_.,;c; _ - - -
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Run 7
% Particle Size Distribution (data as is and smoothed)

-,,-- - -
size size feed to feed to feed to feed COum class cyclone cyclone cyclone cyclone

frac %' cum ~u frad !it) cum %
smooth smooth

- 45 1 9.5 9.5 9.0 9.0
+ 45 2 0.7 10.1 1.0 10.0- 53
+ 53 3 0.7 10.8 0.9 10.8- 63
+ 63 4 1.1 11.9 1.3 12.1
- 75 -
+ 75 5 2.5 14.4 2.B 14.9- 106
+ 106 6 4.3 lB.7 4.4 19.3- 150
+ 150 7 7.2 25.9 7.4 26.7- 212
+ 212 8 10.0 35.8 10.0 36.7- 300
+ 300 9 16.2 52.0 16.0 52.6
- 425 - 100_0"'1"'_

+ 425 10 8.B 60.9 8.8 61.5- 500
+ 500 11 10.8 71.7 10.4 71.9- GOO --
+ 600 12 19.5 91.2 la.€) 90.5- 850 -
+ 850 13 6.7 97.9 6.8 97.3
-
1180
+ 14 2.1 100.0 2.7 100.0
1180 --total 100.0 -"..",..,....... 100.0- -- -
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Run 7
% Particle Size Distribution (data as is and smoothed)

I
.,

size size cyclone cyclone cyclone cycj.one
um class olf frac o/f cum % olf frac S;; o/f cum ~o

!\. smooth smoot.h0- ._
- 45 1 24.0 24.0 23.8 23.8
+ 45 :2 2.5 2El.4 2.6 26.4
- 53

+ 53 3 1.9 28.3 2.0 28.4- 63 ~
+ 63 4 2.9 31.2 2.9 31.3
~ 7S
+ 75 5 6.2 37.4 6.1 37.5
- 106
+ 1015 (5 9.0 46.4 8.9 46.4
... 150

~",.

+ 150 7 12.7 59.1 12.5 58.9
- 212-.
+ 212 8 13.0 72.1 12.9 71. 8
- 300
+ 300 9 14.0 86.1 13.8 85.6
~ 42.5

"" 425 10 4.9 9J..O 4.9 90.5
- 500
+ 500 11 4.2 95.2 4.3 94.8
- 600
+ 600 J.2 3.9 99.1 4.1 98.9
~ 850 --
+ 850 13 0.6 99.7 0.8 99.7-1180
+ 14 0.3 100.0 0.3 100.0
1180 -

,,"Jot~ ........ - 100.0 100.0
"= -= '" '=""'==-~"""":t=:', .
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Run 7
% Particle Size Distribution (data as is Qnd smoothed)
=s=
size size cyclone cyclone cyclone cycloneurn class u/f frac u/f cum % u/f frac % u/f cum ~

go' smooth smooth
- 45 1 2.8 2.8 3.6 3.6~.
+ 45 2 0.4 3.3 0.4 4.0- 53 -
... 53 3 0.3 3.6 0.4 4.5
~ 63

-'""
+ 63 4 0.9 4.4 0.7 5.2
- 75
+ 75 5 1.. 4 5.8 1.6 6.7
- lOG -
+ 106 6 2.7 8.5 2.8 9 ,..~
- 150 - ",,'_
+ 150 7 5.4 14.0 5.5 15.0
~ 212 . ,-

+ 212 8 8.8 22.8 9.0 24.0- 300
... 300 ! 9 16.5 39.3 16.7 40.8
~ 425-.
... 425 10 10.4 49.7 10.2 51.0- 500 .
+ 500 11 12.8 62.S 12.7 63.7- 600
+ 600 12 24.4 86.9 23.8 87.5

lit - 850
"'- , -

-+ 85 ) 13 9.4 96 .3 8.9 96.4
~
1180 --
+ 14 3.7 100.0 3.6 100.0
1180
total 100.0 100.0 -'.;::: -.,==-=< - =
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EXp. 2 : Test 2
t Total Retention ( data as is and smoothed data

~ --
size size !k frac ~~cum !'J frac i~ cumum class retention retention retention retention

smoonh smooth
- 45 1 36.9 36.8 39.2 39.2

'" 45 :2 8.7 34.6 40.9 39.4
= 53
+ 53 3 10.6 33.2 43.8 39.8- 63 ---
'" 63 4 20.2 31.7 46.4 40.B- 7S
of· 75 - 5 47.5 34.8 52.9 43.1
105

-I- 105 6 50.3 38.4 57.5 46.5- 150
oj. 150 7 60.2 44.7 65.0 51. 7- 21.2

'" 212 a 66.2 SO.6 70.5 56.8
- 300f---
+ 300 9 76.7 58.4 78.9 63.2
~ 425
4- 425 10 86.4 62.5 86.7 66.4
~ 500
+ 500 11 92.8 67.0 92.4 70.0
- 6001-- ---.-
+ 600 12 97.4 13.5 %.7 7.5.1
w 850
+ 850 13 98.8 75.S %.9 7G.6
~ 1180
+ 1180 14 100.0 76.1 97.7 7'7.0

_~o~~l 76.1 77.0
"~='~-'~-._. ~---......,,...-,,'- -. =- ,"--.~:.,~,.,.-."",,~
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Exp. 2 : Test: 2
• Partiale Size Distribution (data as is and smoothed)
...- _, ........ -. =-~"""-....,..,

size size thiekener thickener thidkener thi,dkenarum dlass prod fraa prod cum prod frae prod cum
% ~J !~ smooth % smooth

~ 45 1 28 .9 28.9 28.4 28.4
4- 45 :2 :3 .5 32 .4 :3 .6 32 .0
" 53

4> 53 :3 .2 .5 34 .9 2 .6 34.6
~ 63
oj. 63 4 4 .9 39.S 4.9 39 .5
~ 75
+ 75 .5 '7 .4 47.2 7.4 H5.9
Q lOp -* _. ...-~
-I- 106 6 10 .9 58.1 10.9 57.S
~ 150
+- 150 7 13 .7 71.S 13 .6 71.4
~ '212

+- 212 8 11. 3 83 • J. 11.3 82 .8
~ 300
of. 300 $) s .2 92.3 9.3 92 .0
~ 425 -
+ 425 10 :3 .8 95. :l 2.9 94.9.. 500
+ 500 :1.1 ;;) .1 97 .2 '2 .1 97 .1
= 600

'" GOO 12 '2 .1 99 .3 2.0 99.0
~ 850
~.850 13 0.7 100.0 0.9 99.9
1180
+ 14 0 .0 100 .0 0.1 100.0
_:J.lSO

t2t;~~ 100.0 100 .0 1..~-"""""""",..;...~<--'~-.. :;,:::_._"_C~ =... -
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EXp. 2 : Test 2
~ Particle Size Distribution (data as is I~d smoothed)

., = "~ - -=.... - .- ,_ "'__ ,

size size cyclone cyclone cyclone cycloneum class u/f frac u/t! cum %' u/t: frac ~ u/f cum *% smooth smooth
~ 45 1 5.9 5.9 5.6 S.t?

'-,

+ 45 2 0.3 15.2 0.7 10.4
~ 53 ~
+ 53 3 0.3 6.5 0.7 7.1
~ 63
+ Ei3 4 0.8 7.3 1.5 8.5
'. 75 -

+ 75 5 2.1 9.5 2.3 10.8
~ 106

I

I + 106 <5 3.4 12.9 3.9 14.7

,: 150
150 '7 6.7 19.6 7.2 21.9- 212 -

+ 212 8 9.6 29.2 10.4 32.3
u 300

'" 300 9 16.3 415.5 16.9 49.2.. 425

+ 425 10 9.6 55.1 9.5 58.8
~ 500 -
+ 500 11 11.7 66.9 11.3 ", iJ • 1
~ 600 -
+ 600 12 21.5 88.4 19.7 89,8
~ 850 -
+ aso 13 8.6 97.1 7.6 97.4
~
1180

+ 14 2.9 100.0 2.6 100.0
1180 -total 100.0 -~ 100.0

eeeeeeeeeeeeeeee~ - - - __,."'" - .
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EXt', :2 . Test 2.
~. Part.icle Sizlll Distribution (data as :l,s and smoothed)
---"""""'! ~ _'_"_""""== -- - ........ ~"""'-

size I size screen screen screen u/f screenum class u/f :Erae u/f cum % frac !~ u/f cum It;
lI; smooth smooth

~ 45 1 23.:3 23.2 22.9 22.9
+ 45 :2 2.8 26.0 2.9 25.8
~ 53
oj. 53 .3 2.2 28.2 2.3 28.1
~ 63
+ 63 4 4.5 32.7 L5 32.6
~ 75
~, 75 5 <5.1 38.8 6.l 38.7
~ lOG
+ 106 (5 9.1 47.9 B.9 47.6
~ ':liO

+ 150 7 12.6 60.S 1:2,3 59.9
~ 212
+ 212 8 13.9 74.4 13.5 73 .5
~ 300
+ 300 9 15.0 89.4 14.6 88.l
~ 425
+ 425 10 S.O 94.4 5.0 93.1
~ 500
+ 500 11 3.2 97.6 3.3 96.4
~ 600
+ 600 :1.2 2.0 99.G 2.5 91L9
~ 850 .
+ 8S0 13 0.4 100.0 0.9 99.13
1180
+ 14 0.0 100.0 0.2 100.0
1190 ---
total 100.0 100.0 ...J~- -=- _ ....=-,.,.._ ~ '_'e
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EXp. 2 : Test 2
, Particle Size Distribution (data as is and smoothed)-~
si~e 811:(;1 screenum dlas8 dis. A.

frae

"'" 45 1 4 e:1

+ 45 " 0.4G:

~ 53
fo--"'-
+ 53 :3 o , 4
= 0:3

+ 63 I] a.a
.... "/5

+ ':15 5 a.r
= 106
+ 106 (5 4.0
'"'" 150
+ 150 I 1.4
.... 212

+ 212 13 10.M
~ 300

+ 300 9 1'1. :3
~ 425
+ ~25 10 9.9- 500
+ 500 11 12.0~ (500

+ bOO 12 20.9
""' 850
+ 1350 13 ''I. 6

11M

+ 14 2.5
11130
~~al 100.0

--+-------~~----~~----,_F----=-~------_+~----~---=--=~=-
().4 4. a

Bcreen t'Jel:OGI1 I £JCJ:'8811
dis. A dis. A dis. A
dum ftHC cum

slllooth smoot.h

4,;" 11. I] 4.4
4.6 0.6 5.0

!l.a I '1.5 5.5

5.8 1 " 6.'1.~

screen
dis. l:l
frac

4.0
0.4

Bereel'
dis Bdum

4.0

0.8 £;.5

'1.9 200

11.9 3.6

19 .2 6.13

29.8 \LG

4'1.0 ,dS. J

56.9 9.'1

61L 9 12.1

119.9 ai .s

1l'7.5 13. 4

100.0 2.!l

11. :3

is .i

28. "I

45.0

54.B

ilG.9

10.1

1'1.9

se .t

97.1

100.0

100.0 roo .o

100.0

N.B. Bcreeh discharge A primary dewatering product
I:H':reendischarge l3 secondary dewatering product
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EXp. 1 : Test 3
General running conditions (data as is and smoothed

data)
M - - --=-= - ..=.~ «

cyclone screen screen u/f thickener
u/f disch. prod

solid 1.450 0.910 0.500 0.230t/hr asis _.

solid 1.451 1.190 0.496 0.235
t./hr
smoothed....;.:---- -

I slurry 3.791 1.582 :2.734 0.5:25
t/l'lr
smoothed
9J H:20 61.20 24.S7 B2.20 55.20
surface
%' H2O 61.72 24.00 81.96 55.24
surface
smoothed -
% ash 18.30 .01:1..:. 70 21.50 13.60
9J ash 19.26 17.21 21.49 13.60
smoothed "'--;,l_ - _ ....

= .._- ~...."

solid solid H2O H2O ash ash
sczeen screen surface surface inlets outlet,
inlet outlets screen screen screen screen
t/hr tlhr inlet out:lets t!hr t!hrt/hr t/hr
1.686 1,. 686 2.630 2.631 0.311 O.~ll===_ ..__ .
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Exp. 1 : 'l'est3
Detailed solid mass balance across unit screen for each

size clasEl
...." ~-
size size !'6' size screen S:ia size screenurn class distn. inlet distn. outlet

screen t/hr screen t/hr
inlet out let~

""-
- 45 1 9.4 0.159 9.4 0.159
+ 45 '2 1.0 0.0164 1.0 0.0164
- 53

+ 53 3 0.9 0.0151 0.9 0.0151
- 63 ..... ' ,

+ 63 4 1.::J 0.0319 1.9 0.0319
- 75 'c

+ 75 - .5 2.7 0,0449 2.7 0,0449
105 --'

+ 105 6 4.3 0.0719 4.3 0.0719- 150 -
+ J,50 '7 6."/ 0.113 6.7 0.113- 212 ---,,--,,- -
+ 212 9 s. 3 o .1SG 9.3 0.156- 300
+ 300 9 14.9 0.251 14.9 0.251- 425
-I. 425 10 8.7 0.147 8.7 0.147- sao -
+ 500 11 10.4 0.175 10.4 0.175- 600 - -
+ 600 12 19.1 0.323 19.1 0.323- 850 ---
+ 850 13 7.7 0.129 7.7 0.129
.... 1180 - --
+ 1.1.80 14 3.1 c.osa» 3.1 0.052'7
== == ; -..,. 0 -= --- ----= --
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Exp. 1 : Test 3
% Total Retention ( data as is and smoothed data )

sizl';! size %' frac % cum ~~frac !'$ cumum class retention retention retention retentiOll
sncoch smooth
""'-

- 45 1 16.8 16.8 25 9 25.9

'" 45 :2 2.3 15.3 26.5 25.9
~ 53
+ 53 3 16.2 15.3 29.6 2.6.2
- 63
+ 63 4 18.5 15.7 32.6 27.1- 75 ,,-- -
+ 75 - 5 37.1 19.7 36,0 28.6
105 ......,_ ---- -

+ 105 (5 41.8 24.7 43.5 31. 8- 150
+ 150 7 50.5 31.6 50.7 36.5- 212
+ 212 8 58.1 38.7 58.5 42.1
~ 300
+ 300 9 70.3 48.3 70.0 .'i0.3
- 425
+ 4.'25 10 81.3 53.3 80.5 54.7- 500 ---
+ 500 1:1.. 88.9 58.8 88.3 59.'1
- 600 -
+ 600 12 96 .2 67.2 95.6 67.4
- 8.150

+ 850 13 98.8 69.7 97.8 69.8- ::.180
+ 1180 14 96 .9 70.6 95.1 70.6
total 70.6 70.6~
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Exp. 1 : Test 3
% Particle Size Distribution (data as is and smoothed)

-
size size thickener thickener thickener thickener
um class prod frac prod cum prod frac prod cum

!lo % % smooth % smooth
- 45 1 25.2 25.2 25.0 25.0~-'"
+ 45 2 2.8 28.0 2.9 27.9
- 53
+ 53 3 2.3 30.3 2.4 30.2
- 63
+ 63 4 S.O 35.3 5.0 35.2- 75
+ 75 5 7.6 42.9 7.6 42.8- 106
+ 106 6 10.5 53.4 10.4 53.2- 150 .
+ 150 7 13.3 66.7 13.2 66.4
- :12
+ 212 8 11.9 78.6 11.9 78.3- 300 -
+ 300 9 11.1 89.8 11.0 89.3- 425 -
+ 425 10 3.6 93.3 3.7 93.0- 500
+ 500 11 2.9 96.3 2.9 95.9- 600
+ 600 12 2.9 99.2 2.9 98.8
~ aso
+ 850 13 0.5 99.7 0.7 99.6-
1180
+ 14 0.3 100.0 0.4 100.0
1180
total 100.0 100.0-
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EXp. 1 : Test 3
i Particle Size Distribution (data as is and smoothed)

- -
size size cyclone cyc lone cyclone cycloneum class ulf frac ulf cum % u/f f.rac % \l/f cum %

20 smooth smooth
- 45 1 6.0 6.0 6.9 6.9-
'f' 45 2 0.5 6.5 0.7 '/.6- 53
+ 53 3 0.5 7.0 0.7 8.2- 63

'*' 63 4 1.a 8.0 1.4 9.6- 75 -
+ 75 5 1.9 9.8 1.9 11.5- 106

'*' 106 6 3.2 13.0 3.3 14.8- 150
~.150 7 5.7 18.7 5.7 20.4- 2~2--
-i- 212 8 8.8 27.4 B.B 29.2- 300

"-'->;;" ---
+ 300 9 15.8 43.3 15.5 44.8- 425
+ 425 10 9.7 53.0 9.5 54.3
- 500r----
.1- 500 11 11.9 64.9 ll.6 G5.9- 600 -.
+ 600 12 22.6 87.5 21.8 87.7- 850

'*' 850 13 9.0 96.S 8.8 96 .4
-
1180

'*' 14 3.5 100.0 3.6 100.0
1180
total 100.0 100.0
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EXp. 1 : Test 3
% Particle Size Distribution (data as i8 and smoothed)

size size screen screen screen u/f screen
urn c l.as s u/f frac u/f cum % frac % u/f cum %

~u smooth smooth
- 45 1 24.4 24.4 23.8 23.8-- I-~"

+ 45 2 2.7 27.1 2.4 26.2
- 53 -
+ 53 3 2.1 29.2 2.1 28.3- 63

+ 63 4 4.2 33.4 4.3 32.7
- 75 .._
+ 75 5 5.7 39.1 5.8 38.S- 106
+ 106 6 8.2 47.3 8.2 46.6- 150
+ 150 7 11.3 58.6 11.2 57.9- 212
+ 21.2 8 13.1 71.7 13.1 71.0- 300
+ 31)0 9 15.3 87.1 15 2 86.1- 425
+ 425 10 5.7 92.7 5.8 91.9
- 500
+ 500 11 4.0 96.8 "

~ 96.1.J.- 600
-l- 600 12 2.6 99.4 2.8 98.9- 850 -
+ 850 13 0.3 99.7 0.6 99.5
-
1180

".;;..,..~
+ 14 0.3 100.0 U.S J.OO.O
1180
total 100.0 100.0
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N.B. screen discharge A
screen discharge B

primary dewatering product
secondary dewatering product

Exp. 1 : Test 3
% Particle Size Distribution (data as is and smoothed)

....
5ize size screen screen screen I screen screen screen
um class dis. A dis. 1\ dis. A dis. A dis. B til£> 13

frac cum <~ frac cum frac j~ cum
smooth smooth

- 45 1 4.2 4.2 3.5 3.5 3.8 3.8
+ 45 2 0.2 4. II 0.4 3.8 0.2 4.0- 53
+ 53 3 0.2 4. '1 0.4 4.2 0.2 4.2- 63
+ 63 4 0.5 5.1 0.9 5.1 0.4 4.6
- 75
+ 75 5 1.2 6.3 1.4 6.4 1.1 5.6
= 106
+ 106 6 2.6 B.8 2.6 9.1 2.3 7.9
- 150
+ 150 -; 4.8 13.6 4.8 13.9 4.6 12.5
- 212
+ 2U 8 7.8 21.4 7.7 21. 5 7.3 19.8
- 300
+ 300 9 14.9 36.3 14.8 36.3 14.6 34.4
- 4?5

J. 425 10 10.0 46.3 10.0 II€1.:3 10.1 44.5
" 500--
+ 500 11 13.0 59.4 13.0 59.3 13.8 58.2
- 600
+ 600 12 26.2 85.6 25.9 85.2 26.9 85.1- 850
+ 850 13 10.6 96.2 10.6 95.8 10.1 95.5-1180
+ 14 3.8 100.0 4.2 100.0 4.5 100.0
11 (1

total 100.0 100.0 100.0
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EXp. 2 : Test 3
General running conditions (data as is and smoothed

data)
I'f,.."..=,.........,...='======r======--r·!=.===="';e- ===J:-::"::'='=-- -"-;.__-=:::1 ~?~lone ~r~~~~screen u/f I ~~~~kener

0.820 0.390 0.200

% H20~~rf~~c_e~__~ +- +- ,

lJ H20
surface
smoothed

solid
t./hr asis
solid
t/hr
smoothed
slurry
t/hr
smoothed

Po ash
smoothed

- - ..............-=--~-

1.443 1.288 0.367 0.211

--
3.070 1.722 1.945 0.594

--

52.94 25.23 81.3.7 G4 .46
-

53,00 25.22 81.13 64.47

- -
3.8.38 16.88 21.88 12.93--. ~-----
18.68 16.82 21.88 12.93

- ==: 0:: ~

1.550

---- ~'_==T===----~'~========~
H20 H20 ash ash
surface surface inlets outletscreen scraen scre~n screen
inlet outlets t/hr tlhr
t/hr tll'lrII--- .......--r-----.I-'-~O':-'-_+_""""-_ .......h'- ~_111 __ ,...... •..11

~~\II:I:,=1=.=6=5=5==:;~2.;;;;-~~::.:.0i.iil=0==_-=-~".=..?-:i:.·..~9==1==2=- q..!:2~:-, J~==~~

solid
screen
inlet
t/hl:

solid
I'HJreenoutlets
t/hr



EXp. :2 : Test 3
Detailed solid mass balance across unit screen for each

size class

~~~~'=~--9-r=~=_~=!=:=S===i'=~=,i=:=~=~::=~=::=;;=::~='~=~=:=•.~""n=-=~T"'==~::;"i~::.:;;:-=~~~"m..~=.'~==¥=-=P-~=~=i:i==:~=~=l
screen t/hr acre~n t/hr

1~ __ •__ ~ -+~i~n~l~et~~__4- ~o~u~t:~~~-=' ~1

~ 45 1 6.2 0.103 6. :1 0,103I~~~~=+~~-=~~~--=--"·----·-vm.~~~ ~· M~__ ·_-~-_-__-=_~~~i~__~~1
+ 45 2 0 .s flo 0154 0 .9 0 . 0154

1~=·"_S~3_·__ +- +- -=~4-~ __-=~4--==~ F~'=--= __
~, 53:3 0.6 0.00999 0.6 0.00999~ G3
'" 63 4.
.. 75

0.02'14Q,O.t.!'73 1,7

~. 75 ~ .5
105

0.03156 0.0366

+ '.05 IS
= 150

4,2 0.0697

'r :S12
~ ~OOII~~~~------'-+---------'~--------~--------,.300
'" 425IF---~~-+'_'_------~_""------+---------~--------~---'-'--..-..-~I
4· 425
.. 500

4.2 0.0696

S.28.2 0.135 0.135

:11.511.5 0.190 0.190

9 1'" • .5 0.290 17.5

0.148 8. s10 8.9 0.148

-"500
'" GOO

10.G 0.175 10.6 0.17511

19.1 0.300 18.1'~--------+--------'----------~410.300.j, GOO
., 8$0I~~~~-~=-'--+-~'---=--+-'
...6S0
~ 1190I~~~~--~-----+_"__""----~'----~----~------'--+----------

&~+i:i.:13ii.:.8i'.ui0~oiilir,'i;4_1ffl 2 "* 0 •Qj04 __~""~,_~~""",,,",,!~==;;;:;:;9;.:;;._O:~=.~:;.,i=;;,;;;.~:;.;:;..~....-:1.I

0.1140.114 6.9G.9

7:2



EXp. 2 : 'rest 3
% Total Retention ( data as is and smoothed data )
-- .-~ """0-..., ~ "".,=. ~ " *"',= ,~"""""-"""",- .. ,.""","-"",,,- "~

size size 1~ frac r:; cum % frac !l; cum
urn class retention retention retention retentionsmooth smooth
~ 46 1 26.4 26.4 36.1 3G.1
+ 45 2 38.S 28 .2 37 .4 36 .2
~ 53

+ 53 :; 44.S 29 .S 40 .1 36 .5- 63

+ 63 4 5 .6 26 .5 41.9 37.5
~ 75
4 75 ~ 5 49 .0 :31.5 45.4 39.0
105

+ 105 s 53 .s 38.0 53 .1 42 .9
~ 150
-l- 150 '7 63 .1 47. J. 61.S 49.3- 212 --.
+ 212 a 69.4 54.6 68.8 !55 . (:)
~ 300 -
+ 300 s 79 .0 G2 .9 78.1 63 .0- 425
.,. 42$ 10 87.4 66.5 87 .:L 66 .5
~ 500
+ 500 11 92 .0 70 .3 91.S 70 .2
~ 600
... GOO 12 97 .3 75.8 97 .3 75 II 6

I .. 850
+ 850 13 99 .4 77 .3 99 .8 17.3
~ 1:1.80
+ 11M 14 SHLl ,;-7 '1 .8 99 .3 'i7.9----~-
toti1\l 7"1 8 ._""'" 77 .9- .~. ~ "r.;: .'.~- :il~"-' ~~'''==!::zr''= ._._ --,



Dxp. 2 : 'I'est.3
, Total Retention ( data as is ~nd smoothed data

- ~-"" ......= ~"""""51"'55 -' ~.--t. ..,,,,,,,-,"- - """_"=",,,,,,,,,,,~,~,,,

size size ~ frac % cum ~ frac ~ cumum class ret.ention retention retention l:'etentionsmooth sm"oth
~ 45 1 26.4 26.4 36.1 36.1
+ 45 2 38.8 28 .2 37 .4 36.2
~ 53
+ 53 :3 44.5 29 .8 40.1 36 .5
~ 63
+ 6:3 4 5. 6 2G.5 41.9 37.5
w 75
~, 75 ~ 5 49 .0 31.5 45.4 39.0
1.05

+ 105 6 53 .9 38 .0 53 .1 42 .8
- 150

+ 150 '7 63 .1 L17 .1 61.S 49 .3
~ 212
+ 212 8 69 .4 54.6 68 .8 55 .6
~ 300

'" 300 9 79 .0 62.9 78 .l 63 .0
~ £125

..:... J125 10 137.4 66.S 87.1 66.15
~ 'JOO

.~500 11 92 .0 70.3 91.S 70 .2
~ 600
~.600 12 97.3 75 .8 97 ,3 71;'6- 850 --
+ 850 13 99 .4 77 .3 99 .8 77.3
~ 1180 _..__,, ___
+ 1180 14 98.1 77 .8 99.3 77.9
1---
total "/7 oJ__ 77.9
:;"=='=lk= ._ ~'I=:::-' ~"._ Fe"' .=, =
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Elxp. 2 : 'l'est3
t Particle Size Discribution (data as is and smoothed)
•. _.. = ·~c;..;;:•....: ==-7 .. -

siz(, i u.l.ze thici.::ener thickener thickener thicl-::enerurn class prod frac prod cum prod :Erae prod cum
!l6' ~ ~J smooth % smooth

~ 45 1 19.4 19.4 19.5 19.5
~-.'"

4< 45 :2 2.6 22.0 2.5 22.0
~ 53

- ....--,.."-~
+ 53 3 :2 • t, 24.0 1.9 24.0
~ 63

+ 63 4. 3.8 27.9 3.8 27.8
~ 75

-1---

4< 75 5 5.4 33.2 5.3 33.1
~ 106
+ tOG 6 9.2 42.5 9.2 42.2
~ 150
+ 150 7 13.8 56.3 13.7 56.0
~ 212
4< 212 8 14.1 70.3 14.0 70.0
~ 300
-I' 300 9 14.6 84.9 14.5 84.5., 425 V.+ 4:2.5 10 4.9 89.8 4.9
~ 500 -
+ 500 11 4.3 94.1 tl, 3 93.6
~ 600
+ 600 12 4.9 99.0 4.8 98.5
~ 850
+ 850 13 1.0 100.0 1.5 100.0
11.80

'r 14 0.0 100.0 0.0 100.0
1180 --total 100.0 100.0== """--'-.-~~'- .-
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EXp. :2 : Test 3

%' Particle Size Distribution (data as is and smoothed)

size size thickener
\litl class prod :Era.e

~u

thickener
prod cum
i~

thickener thickener
prod frac prod cum
% smooth % smooth-,.....------11

~ 45 1 19.4 19.4 19.5
+ 45 2 2.6
= 53

22.0

+ 53 3 2.0
~ 63

24.0

2.5 22.0

1.9 24.0

+ 63 4 :3.9
~ 1,5

27.9 3.8 27.8

33.:1.+ 75 5 5.4
= 106
+ :~6 6 9.2
= 150

42.5 9.2 42.3

+ 150 7 13.9
~ 212

56.3 13.'7 56 .0

+ 212 8 14.1
= 300

70.3 :1.4.0 70.0

+ 300 9 14.6
= 425

84.9 14.5 94.5

+ 425 10
= 5001~~~4------+--------~~--------+-----·------~-----'----
+ 500 11
= GOO

4.9

4.3

89.8

94.1

99.5+ 600 12
= 850I~~~+-----~·---------~---------+-------=--~----------
+ 860 13 1.0 100.0 1.5 100.0
1180I~~~+------+------·--~r---------+-----------·~------~~I
+
1J,80

14

4.9

lOO.O

4.9 99.4

93.6

4.8

0.0 100.00.0

70



Exp. 2 : Test 3
t Particle Size Distribution (data as is and smoothed)
-- - -
l3ize eize cyclone cyclone cyclone cycloneum class uff frac u/f cum ~ u/f frac % u/f cum Po

i'o smooth smooth
- 45 1 3.6 3.6 4.3 4.3
+ 45 .2 0.7 4.3 0.7 5.0- 53 -,
+ 53 3 0.5 4.8 0.4 5.4- 63

"

+ 63 4 0.7 5.6 1.3 6.7- 75
+ 75 5 1.9 7.5 1.8 8.S- 106 - -
+ 106 G 3.6 11.1 3.5 11.9- 150-
+ 150 7 7.7 18.8 7.4 19.3
- 212
+ 212 8 11.4 30.2 11.1 30.4.. 300 .
+ 300 9 18.6 48.8 J.B.O 48.4
~ 425
". 425 10 9.7 58.5 9.5 57.9
- 500
+ 500 11 11.6 70.0 11.5 69.4
- 600
+ 600 12 20.3 90.3 20.1 89.5- 850
+ 850 13 7.2 97.6 7.7 97.2-1180 -
+ 14 2.4 100.0 2.8 100.0
1:1.80 ..- --
t.otal 1UO.0 100.0-
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EXp. 2 : 'rest 3

~ Particle Size Distribution (data as is and smoothed)
-

size size:; screen screen screen u/f screenurn class u/f frac u/f cum % frac ~o u/f cum 9t)'
9", smooth. smoochu

~ 45 1 18.1 18.1 17.9 17.9 -
+ 45 :2 2.6 20.7 2.6 20. j~

- 53 - ----
+ 53 3 1.7 22.3 1.6 22.:.l- 63 .-
+ 63 4 4.6 26.9 4.3 26.S
~ 75 -
+ 75 5 5.4 32.3 5.4 32.0
~ 106
+ 106 6 8.9 41.1. 8.9 40.9- 150
+ 150 7 14.0 55.2 14.1 55.0
- 212
+ 212 8 16.1 71.2 16.2 71.1- 300 -- -
<{- 300 9 J.7.:2 88.4 17.3 88.5- 425
+ 425 10 5.2 93.5 5.2 93.7
... 500

+ 500 11 3.9 97.4 3.9 97.6- 600
+ 600 12 2.2 99.6 2.2 99.8- 850 -
+ 850 13 0.2 99.S 0.1 99.9
~

rl:!.8.Q_--- -
+ 14 0.2 100.0 0.1 100.0
llSO .--
total l-.lOO~~ 100.0. ...--" -
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Exp. 2 : Test 3
~ Particle Size Distribution (data as is and smoothed)

~

size screen screen screen 'J./f screen
m class u/f frac u/f cum %' f:r:ac% u/f cum ~15

%' smooth smoot.h
5 1 18.1 18.1 17.9 17.9

I + 45 2 2.6 20.7 2.6 20.6- 53
+ 53 3 1.7 22.3 1.6 2~.2- 63
+ 63 4: 4.6 26.9 4.3 26.5
~ 75

+ 75 5 5.4 32.3 5.4 32.0
~ lOG
+ lOG 6 8.9 41.1 8.9 40.9
- 150
+ 150 7 14.0 55.2 14.1 55.0- 212
+ 212 B 16.1 71.2 16.2 71.1- 300 ~- -- -
+ 300 9 17.2 88.4 17.3 88.5
~ 425 -
+ 425 10 5.2 93.5 5.2 93.7- 500
+ 500 3.1 3.9 97.4 3.9 97.6
~ 600 -- _.
+ 600 12 2.2 99.6 2.2 99.8- 850 -
+ 850 13 0.2 99.8 0.1 99.9-
1180 --- .
+ 14 0.2 100.0 0.1 100.0
l180
total 100.0 100.0 -:=
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Exy. 2 : Test 3

% Particle Size Distribution (data as is and smoot.hed)

size sJ.ze screen screen screen scteen screen screen
urn class dis. A dis. A dis. A da s . A dis. a dis 13

frac cum frac CU!~\ frac l1 CUllI
smooth smooth

- 45 1 3.6 . 6 2~9 2.9 2.5 ;'1. 5
,1 ......... -

+ 45 " 0.4 4.0 0.4 3.3 0.4 2.8"- 53

"" 53 3 0.0 4.0 0.3 3.6 0.4 3.2- 63

+ 63 II 0.4 4.3 0.9 4.5 0.4 3.5- 75 --
+ 75 5 1.1 5.4 1.3 5.B 1.4 4.9
".. 106
+ 106 6 2.9 8.3 2.9 8.'1 3.2 8.1
= 150
+ 150 '1 6.3 14.7 6.5 15.2 6.8 14.9
~ 212
+ 212 8 10.0 24.6 10.1 25.3 10.5 25.4
- 300
+ 300 9 17.2 41.• 8 J.7.6 42.9 17.5 42.9- 425 --
+ 425 10 10.0 51.8 10.0 52.9 10.2 53.1
.... 500
+ 500 11 12.5 64.3 12.5 65.4 12.6 65.7
""" 600
+ 600 12 22.6 13'1.0 22.7 88.0 22.2 87.9
~ 950
+ 850 13 9.4 96.4 8.S 96.9 8.6 96.5

1180
+ 14 3.6 100.0 3.1 100.0 3.5 100.0
1180
tota.1. 100.0 100.0 100.0

N.B. screen discharge A prilllary dewat.erinLJ product
screen discharge 13 secondary dewa tel'il1g product
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EXp. 2 : Test 2
Gene:r.alrunning conditions (data as is and smoothed

data)

cyclone screen screen u/f thick.ener
u/f disch. prod

solid 1.670 1.130 0.460 0.240
t/hr as
is -
solid 1.682 1.494 0.445 0.257
t/hr
smoothed -slurry 3.505 1.981 2.177 0.651
t/hr
smoothed ,,-I---'
% H2O 52.00 24 58 79.57 60.52
surface
~ H2O 52.02 24.57 79.56 60.520

surface
smoothed
96 ash 19.99 17.02 23.00 13.68
% ash 19.47 17.36 23.18 1 ',.64
smoothed-
- -

solid solid H2O H2O ash ash
screen screen surface surface inlets outlet
inlet outlets screen screen screen screen
t/hr t/hr inlet outlets t/hr t/hrt/hr t/hr
1.939 1.939 2.217 2.219 0.363 0.363 i_', - """'---=-
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Exp. 2 : Test 2

Detailed solid mass balance across unit screen for each
size class

. -
size size % size screen IJ,. size screen0

um class distn. inlet distn. outlet
screen t/hr screen t/hr
inlet outlet

45 1 8.7 0.168 S.7 0.168
+ 45 2 1.1 0.0217 1.1 0.0217
- 53

"

+ 53 3 0.9 0.0180 0.9 0.0180
~ 63

+ 63 4 1.9 0.03'16 1.9 0.0376
- 75

--=: ..."'.

+ 75 - 5 3.0 0.0573 3.0 0.0573
105

+ 105 6 4.8 0.0934 4.8 0.0934
- 150
+ 150 7 8.1 0.157 8.1 0.157- 212- _.
-l- 212 8 10.5 0.204 10.5 0.204- 300
+ 300 9 15.9 0.308 15.9 0.308- 425 -
+ 425 10 8.7 0.168 8.'7 0.168
- 500
~.500 11 10.1 0.195 10.1 0.195
- 600
+ 600 12 17.4 0.337 17.4 0.337
- 850.
+ 850 13 6.7 0.129 6.'7 0.129- 1180
... 1180 14 2.3 0.0444 2.3 0.0444

"

65



EXp. 3 : 'r'est:3
~ Particle Size Distribution (data as is and smoothed)

I
.~ =- ~ ~

size size thickener thickener l::11i!jl~ener thickenerum class prod :Erae prod cum prod f:cac prod cum
!'u !~ ~u smooth !itt smooth

~ 45 J 17 .8 17.8 17.8 17.8
+ 45 2 2 .5 20 .3 2 .5 20 .3
~ 53

+ 53 :3 2 .1 22 .3 2.1 22 .4
- 63
+- 63 4 :3 .2 25 .5 :3 .2 25.6'- 75
+ '15 5 5.5 31.0 5.5 31.1. 106
+ lOG 6' 9 .3 40,,'3 9.3 40.4
~ 150

'" 150 ., 13 .9 54.2 13 .9 54 .4
~ 212 --
+ 212 8 14.4 68. G 14.4 69.8_, 300
+ 300 9 14 .8 93 .4 14.8 83 .(5
~ 425

~.425 J.O r' ., 88 .6 5 .2 sa .81;01 , ""*- 500
'I' 500 11 4.8 93 .4 4. • 8 93 .6
~ 600

'" 600 12 5.2 t:l8 ,,6 5 .1 98 .7- 850 -=
'.. 850 13 1.1 %).8 1.1 99.8
1180 .- --
+ 14 0 .2 100 .0 0.2 100.0
l.180

total lO9.,. 0 ""'" .
100.0 ."~ _.~~~.......~c_~.~."",~.,...". ::;'=1''"': 'r"~:-~ ...="". . "-.';'_',,.,..%.,..,..,.-,,,,,, ~-".-
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Exp. :3 : 'l'est.:3
~ Particle Size Distribucion (data as is and smoothed)

si1~eum size ! cyclone
class u/t frac

Pu

cyclone cyclone
u/f cum !it u/f f:l:ac !l;

smooth
cycloneulf cum !'usmooth

~ 4)5 1 6.1.~
+ 4S 2 0.6
~ 53
,I, 53 :3 0.5
~ 63

4- 63 4 O.S
~ 75
+ 75 5 1.8
~ 106
,~ 106 6 3.8- 150

+ :t50 7 7.5
~ 212
'r 212 8 10.13
~ 300
01- 300 9 17.0
~ 425

'r 425 10 9.1
~ 500
+ sao 11 11 2
~ 600-.....;__ ..
01- 600 12 2,0.1
~ 850-
+ 850 13 ~I• 8

6.1 5.9 5.9
G.'1

7.1

0.7

0.6

6.6

7.2

8.4'1.9 1.2

1.9 10.3

50.7IF-~~+------+--------~~--------+-------------'------~I59.8

13.5

21..0

31.8

57.9

4.0

7.9

11.2

17.3

9.1

14.3

33.4

10.9 70.7

89.3 19.4

1180
14 2.8

97.1

100.0
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90.1.

91.47.3

100.0

+
1180I~~--'F------~--------+-------~-r----------+---~-----~I
tO~91"," '
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EXp. 3 : Test 3
~ Particle Size Distribution (data as is and smoothed)

size:!
urn

size screen
class u/f fraa

!'.; .

screen
u/f cum l~

screen u/f
frac ~
smooth

screen.
u/f cum ~,
smooth

- 45 19.81 19.8 19.8 19.8
+ 45
- 53I~~~+-~---+--------~~--------+---~------+----=---~I
+ 53
- 63
+ 63
- 7S

'"75- 106
+ 106
- 150
+ 150
~ 212

:>. 2.4

3 1.8

4 3.4

5 5.0

6 8.7

7 14.3

8 15.7

s 16.7

10 5.2

11 3.6
--I-'

12 2.4

22.2

24.0

2.4

1.8

22.2

24.1

27.4

32.5

41.1

55.4

3.4

5.0

8.6

14.2

27.5

32.S

41.1

55.2

70.8+ 212
- 300
+ 300
- 425
+ 425
~ 500
+ 500
- 600
+ 600
- 850

96.3

71.2

87.9

93.1

96. a

99.2

15.6

16.6

5.2

3.7

2.6

87.4

92.6

99.S+ SSC 13
1180~1--
+ 14
:1.180

0.4 0.6

0.4 100.0100.0 O.S



Exp. :3 : 'rest 3

!?; Particle Size Distribution (data as is and smoothed)

si2e screen screen EJdteen l:Je.reetl screen seroen
cltHJS dis. A dis. A dis. A dis. A dis. 13 dis tI

frat: dum frae eUIII frac eumSlIh)Clth smooth
-"~,

..... 45 1 '" . 5 2.5 ~L6 .; G a.r .; 1'"'
+ 45 2 0.2 2.7 0.3 3.a o " 2t3IlIU

"'"' 53
+ 53 :3 0.3 3.1 0.3 3.3 0.2 2.5
~ 63
+ ('!3 II n.s 3.G 0.'1 I) .1 O.il 3.0
<:;j 78
+ '15 5 1.4 5.0 1.3 5.3 l,a 4 ,.,..,
= 106 -..----
'" lOb 6 3.3 8.:; a.r 13.4 2.9 '1 .0
= 150

+ rso ',I "I .0 IS.3 I;). 6 15 .0 I). :3 13.3
= 212
+ 212 a 10.4 25."1 Hl. 0 21),1 9.'1 22. I')- 300
+ SOo 9 1'1.5 43.2 17.2 4202 11.L1 39.6
~ 425 --,I, 4213 10 10.1 53.4 la.O 5" " !J. 9 49.S......
~ SbO

'" !:lOO 11 riLl] 65.tl 12.6 <54 .8 12.1 tl~ "~'*"'~ 600
>f' 600 .12 229a 813. t' 23.-3 83. 1 24.1 IlO. II
"'" 850
+ e50 1;) 8 .5 9'1.1 lL tl 1')"] .0 :rl. 9 %.3
...
1UlO

+ 14 2. 9 ioc.o 3.0 lOO.a :3 • '1 lOO.a
lltJO -- __.[~~-::..-=-";;ig_~0

_--'4

\.;Clta:L loa.O HiO.O

N,B. screan discharge A : primary dewatering prClduct
screen discharge D : secDndary dewBtGting product

$1



EXp. 3 : Test :4

General rUl'1ningconditions (data as is and smoothed
data)

~"P.'"? ---,
cyclone screen screen u/f thickener
u/f disch. prod

solid 1.490 1.020 0.620 0.360
t/hr as
is
solid 1.490 1.230 0.620 0.360
t/hr
smoothed
slurry 3.346 1.623 2.679 0.956
t/hrsmoothed ~~
sb~ H2O 55.51 24.20 76.82 152.34
surface
l),' H2O 55.47 24.21 76.85 62.33
surface
smoothed
!k ash lS.14 16.73 20.07 13.42
* ash 19.12 16.$)£3 20.07 13.42
smoothed-- ::=z:' . _ .....

solid solid H2O H2O ash ash
screen screen surface surfac'o inlets outlet
inlet outlets screen screen screen screen
t/l'lr t!h:r: inlet outlets t/hr t/hr

t/hr t/hr "
1.850 1. 850 2.452 2.451 0.3:;3 0.333

_.,f = ~--'_'=
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EJtp. 3 : Test 2

Detailed sclid mass balance acrcss unit screen for each
size class

- -
size size ~ size screen % size screen
urn class distn. inlet distn. cutlet

screen t/hr screen t/hr
inlet cutlet

~ 45 1 11.4 0.211 11.4 0.211. _5,.._
+ 45 :2 1.4 fJ.0251 1.4 0.0251
~ 53 -~
+ 53 :3 1.2 0.0226 1.2 0.02215
- 63 ,_
+ 63 4 2.0 0.0367 ,J 2.0 0.0367
~ 75
+ 7'5 - S 3.3 0.06:1.3 3.3 0.0613
105

+ 10~J~ 5.6 0.103 5.6 0.103
~ 150 ~ -" .-
+ 150 7 8.7 0.162 8.7 0.162- 212
+ 212 8 10.7 0.198 10.7 0.198- 300 -
+ 300 5) 15.6 0.288 15.6 0.288- 425

+ 425 10 7.8 0.144 7.8 0.14'1- 500 .
+ 500 11 9. J, 0.168 9.1 0.168
~ 600 -
+ 600 12 15.5 0 ..28G 15.5 0.286
- 850-- --
+ 850 13 5.7 0.105 5.7 0.1015- 1190

::.:.~_llao li! 2.1 0.0382 2.1 0.0382- --.""-:-~~ F --_ -" ~
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Exp. :3 : Test :2

, Total Retention ( data as is and smoothed data )
- - -- ,------ --

size s:i.ze !is frac 9J cum %- f:t"ac % cum
um class retention retention retention retentioll

smooth smooth
~ 45 1 18.8 18.8 21.9 21.9-
+ 45 2 17.5 18.6 26.9 22.4
~ 53 -. - --

+ 53 3 0.9 17.S 29.6 23.0
~ 63 -

+ 63 4 21.3 17.9 32.0 24.1
~ 75
+ 75 ~ 5 34.7 20.8 39.5 26.8
105

+ 105 6 41.8 25.6 46.5 31.2
~ 150
+ 150 7 49.1 31.8 52.4 36.7
~ 212 -
+ 212 8 58.2 3B.3 59.9 42.3
~ 300

+ 300 9 69.1 46.5 70.3 49.6
~ 425

+ 425 10 80.7 50.4 8:L4 53.3
~ 500 -
+ 500 11 87.8 54.9 88.0 57.4
~ 600-
+ 600 12 95.4 61.S 95.2 63.7
~ 850 -
4- 850 13 J.OO.O 64.0 99.7 65.B
~ 1180 -
+ 1180 14 100.0 64.7 99.2 156.5-total 64.7 77.9- _ ... -=....._

7B



Exp. 3 : TeSt :2

% Total Retention ( data as is and smoothed data )
.

size size !?r5 frac 91)' cum 5b~ frac % cumum class retention retentiol1 retention retention
,.... smooth smooth
f-. 45 1 18.8 18.8 21. .9 21.9
+ 45 :3 17.5 18.6 213.9 22.4- 53 -

+ 53 3 0.9 17.;; 29.6 :23.0
~ 63
+ 63 4 21.3 17.9 32.0 2t1.1
... 75

+ 75 ~ 5 34.7 20.8 39,5 26.8
105

+ 105 6 41,8 25.6 46.5 31.2- 150
+ 150 7 49,1 31.8 52.4 36.7
s;; 212
+ 212 B 58.2 38.3 59.9 42.3- 300
or 300 $) 69.1 46.5 70.3 49.6
~ 425
+ 425 10 80.7 50.4 131.4 53.3
~ 500
+ 500 11 87.S 54.9 88.0 57.4
~ 600
+ 600 12 95.4 61.8 95.2 63.7
~ 850
+ 850 13 100.0 64.0 99.7 65.8
~ 1180

+ 1180 14 100.0 64.7 99.2 66.5
total 64.7 77,9. 0
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Exp. 3 : Test 2
% Particle Size Distribution (data as is Bnd smoothed)

- --
size size thickener thickener thickener thickenerum class prod frac prod cum prod frac prod cum

% n,. SIS smooth % smooth'0

- 45 1 28.5 28.5 28.2 28.2
+ 45 .2 3.1 31. 6 3.0 31. 2- 53
+ 53 3 2.6 34.2 2.Ei 33.9- 63
+ 63 4 4.3 38.5 4.3 38.2- 75
+ 75 5 7.1 45.6 7.1 45.3
- 106

+ 106 6 10.4 56.1 10.4 55.7- 150
+ 150 7 13.2 69.3 13.1 68.8- 212
+ 212 8 11.3 80.5 11.2 80.0- 300
+ 300 9 10.3 90.8 10.2 90.3
M 425
+ 425 10 3.1 93.9 3.1 93.4
~ 500
+ 500 11 2.8 96.7 2.8 96 .2- 600
+ 600 1.2 2.8 99.4 2.8 99.0
N 850
+ 850 13 0.6 100.0 0.9 99.9-1180 -- -.
+ 14 0.0 100.0 0.1 100.0
1180 ---
total ~ lq_g ,_0 :::::r--==: ,_. _ 100.0-. ;;; = 00=0>
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Exp. 3 : Test :2

% Particle Size Distribution (data as is and moothed)

size size cyclone cyclone cyclone cycloneum class u/f frac u/f cum 90' u/f frac % u/f cum ~J
% smooth smoot.h

- 45 1 7.6 7.6 7.4 7.4-
'" 45 2 0.8 8.4 1.0 8.3- 53
+ 53 3 0.5 8.9 0.9 9.2- 63
... 63 4 1.2 10.1 1.4 10.6- 75
+ 75 5 2.3 12.4 2.4 13.0
~ 106 _., -
+ 106 6 4.3 16.7 4.4 17.5- 150
+ 150 7 7.6 24.3 7.7 25.1- 212
+ 212 8 10.7 35.1 10.6 35.7
- 300
+ 300 9 17.1 52.1 16.8 52.6- 425
+ £125 J,O 9.0 61.1 8.9 61.5- 500
+ 500 11 10.7 71.9 10.6 72 .1- 600 -
+ GOO 12 18.8 90.7 18.5 90.6- 850
'r 850 13 6.8 9'7.6 G.8 9'7.$-

~.!Q_
+ 14 2.4 100.0 2.5 100.0
1180 -total 1.Q0 .0. 100.0 ="'" -=;;:
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Exp. 3 : 'rest 2
~ Particle Size Distribution (data as is and smoothed)

-
size size screen screen screen u/f screenum class ulf frac ulf dum % frac 96' u/:e cum %

% smooth smooth-
~ 45 1 26.8 26.8 26.6 26.6
+ 45 2 2.9 29.7 3.0 29.6
- 53

+ 53 3 2.5 32.2 ~.6 32.2
"'" 63 -
+ 63 4 4.0 36.2 4.0 36.2
~ 75
~.715 5 6.0 42.2 6.0 42.2
~ 106 ~ ------
+ 106 6 9.0 51. 3 8.9 51.1
~ 150 -
+ 150 7 J.2.5 63.8 12.4 63.5
~ 212I-~
+ 212 8 12.9 76.7 12.8 76.3- 300 _. -
+ 300 9 13.8 90.5 13.8 90.1
~ 425r---
+ 425 10 4.3 94.8 4.3 94.4
~ 500
'1- 500 11 3.2 97.9 3.3 97.7- 600 -
'f 600 12 2.1 lOO.n 2.2 99.9- 850~
+ 85.J 13 0.0 100.0 0.1 100.0-1180 ,_

+ 14 0.0 100.0 0.0 100.0
1180 -------total 100.0 100.0=-~ - --
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Exp. :3 : Test 2

% Particle Size Distribution (data as is and smoothed)

size size scz een scr eer, screen screen screen screen
um class dis. 1\. dis. 1\. di'i. 1\. dis, A dis. B dis 13

ft'ac cum fraC cum frac CUIlI
smooth smooth

- 45 1 3.6 3.6 3.B 3.8 , 6 3.t>

+ 45 2 0.4 4.0 0.5 4.3 I i. • 4.0- 53
+ 53 3 O.~ 4.3 0.5 4.9 0.5 4..5~ 63
+ 63 4 0.7 5.0 1.0 5.8 0.8 5.3 ,

"... 75 --
-10 75 1') 2.0 7.0 2.0 1.8 1.9 7.2
~ 106
+ 106 6 4.0 11. 0 3.9 11. i 3.'1 10.9... 150
+ 150 I 7.0 18.0 6.9 18.6 6."1 1'1.6- 212
+ 212 8 9.7 27.7 9.7 28.2 9.5 27.2
~ 300
'I< 300 9 16.5 44.2 16.4 44.'1 16.3 1j3.4- 425 ------
+ 425 10 9.6 53.9 9.6 54.2 9.5 53.0
..... 500

'" 500 11 12.1 ss. 9 12.0 66.3 12.3 65.2- MO
+ 600 12 22.3 88.3 22.2 a8.4 23.1 ss. :3
~ 950 ._
'" 850 13 8.6 9G.9 a.5 96.9 8.'1 97.0
1190 ~-
'" 14 3.1 100.0 3.1 100.0 3.0 100.0
1180
total 100.0 lUO.~ 100.0

N.B. screen discharge A primary de\·mtering product
Screel, discharge B secondary de\'1tlterin\1 product
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Exp. 4 : Test :3

% Particle She Distribution (data as iH and smoothed)

s1~e sz ae
Ulll class

~ 45 1
.. 45 :2
~ 53
.. 53 :3
~ 63
+ 63 I}

- 75
+ 75 5
~ 1M

+ lOEl I)
= 150
+ :J.!j() '1
~ ara
+ 212 a
= 300
'1' 300 £)
~ 425
'I- 425 10
~ SOD

'" aoo 11
'" GOO
+ see 12
""'" RSO

+ aso 13
~
11130

'" 1-1
rrso
\:ol.:',(ll

sel:'esn
dis. A
frue

0.3

.!lel'ee!l
cl:UJ, A
dUIII

sel:'eel1
diS. A
frue
Elilltwth

c. ~

Sel:8UI1
dis. 1.\
CUIII
sll\~oth

2.5

sel:'eel1
dis. B
irae

w::::reeh
d18 B
Gum

0.6 3.5 0.8

1.5 S.O 1.4 1.4
--~------~=------F-------F=---~+-=--=~~----~

:3. () '/ • 'J

'1. 3

11.3

:UJ.13

10.3

1.2. tj

11. 4

rs. b

1.9

'1.0

11.0

10.3

lO.t!

14. ').1 :l~.

211;'1

1!L1

HI. 4

1,L9

lOO.a

'1."

£l0.a

9'1."1

100.0

1.00 u

ion.c

I'LI~. Sert11m disdl'lllrUG A pd!ll(u:y dewutedng product
sereen discharge B secondary dGwa~Gring product

roo .o

95

100.0



EXp. 4 : 'I'est :2

General :t'unn.ing conddt.Lons ( dat a as i!:l and smoothed
data )

solidt/nr as
is
solid
t!hr
smQothed
slurry
t/hr
Bm~oth~_d
I~ H20
sltrfaee
III H20
!\lU:r.f'ewesmoothed

cyclone sel~een sereel'l. u!f thiele.ener
_u_l_f, disch. J2r.Q§,
1.450 0 .920 0.720 O. :VIG

1.420 1.033 O.71~ () .3:31

:3 .2130 1.3GG 2 .1327 0.909

54 .96 24.63 'tEl.SO (');3 .05

515 .71 24.36 74.57 63 .60

~~-~~-
17,68 .l6~.;t{H :'l0. as 13.14

~Ii\.'

19 .S5 15 .!15 20.00 13.14

solid solie. H2O H2O t:wh ashscreen screen surface surface inlets out:.let
inlet {lutlsts Sdreen t:'H::lreen screen Si::!:r.'een
t!ht' t;/hr inlet ouUets t!lll: t/hr

t/l'lr ~t/hr
1.751 1.752 :2 .439 2.441 (J .308 0.309.='='-



.s:x:p. 4 : l'est 2
Detailed solid masa balance across unit screen for each

aize class

size size ~ size screen ~l size screenum class dimtn. inlet distn. out:let.
screen t/hr screen t!11r
inlet:. outlet

~ 45 1 11.4 0.200 11.4 0 .201

'I' 45 2 1.4 0.0240 1.4 0 .0240
~ 53
.... 53 :3 1.2 0.0201:3 1.2 o . 0209
~ 63
+ 63 4 2 .1 C .0374 2.1 0.0375
., 75 -,~ -
+ 75 ~ 5 3 .4 0.0596 3 .4 0.0597
l05

.... 105 6 5 .7 0.0999 5.7 0.100
~ 150
,f. :t50 7 $) .1 0 .160 9. :t O.lGO
~ 2:1.2
+ 212 8 11.6 0 .202 11.6 0.202
~ 300
·r 300 9 16.2 0.284 16.2 0 .285.. 425

4- 425 10 7.7 0.136 7 .7 0.13£1
~ 500

." 50Q 11 8 .9 0 ,155 8 .9 0 .155
Q GOO
+ 600 12 14.3 0.250 1.4.3 0.250
~ 850 ~~~
+ 8SC 13 5.0 0.OS78 5.0 O. osvs
~ 1190
+ 1180 14

#_~ .~9 0.0330 1.9 LO. Q~}O
"' . -"",,,,,,,,,,,, - ",0'''=



Exp. 4 : 'rest .2

1~ Tot.al Retention ( data as is and smoothed data )
_.",.,.,.,..0:. =..,.""". __ "_. ......."........,.'-'_"""~~""""~=,; ••~,.-",---,;".~,.~ -.~-' _ ......,.,,- - y'~'_."'=,..,..,=""""~= .- ..~ .","""=.",", ..~-~.--.",.,.~-,,..,. •...,.-~~

size she ~ frac ~(i cum ~ frac !I; cumum class :retentiOl'l retention retention retentionsmooth smooth
~ 45 1 11.1 11.1 :1.1.0 11.0

+ ,15 2 4.5 10 .5 19 .1 11.9
~ 53
'f 53 :3 26 .6 11.9 19.3 12.5
~ 63
+ 63 4: 19 .6 12 .9 26.4 14.4
~ 715
+ '15 ~ 5 28 .4 1,5.6 29.3 17.0
105

- 'II U",,,, MIF'

+ lOS 6 36.S) 20.5 36.2 21.3
~ 150

+ 150 7 46.6 27. 7 44 .3 27.4
~ 212
+ 212 9 5il.4: 34 .6 S;L 0 33.6
- 300

'.. 300 9 64.0 42 .4 6:2 .0 <n..O
~ 425

'" 425 10 7"'.5 46.4 75.6 44.S
~ 500 -~__....-

~, 500 :L1 S(Ll 51.0 84.2 49.3
~ GOO

+ (;iOO 12 $14.5 57.7 93 .9 56 .1
~ 950
.~850 13 SlS.O 59.S $IF; • $) 58 • .3
~ 1180 ~~....
-+> U80 14 1.00.0 GO. (5 %.7 59.0~. -~I------F·~·-·· ....--- .

L t2S:~~_ '-~="'~~=.lJ.1...!-.l~,.~-,.~.=r;;~-...,~~."",,=59~1' ...__n:'~"'_ =====



EXp. 4 : Test 2

~ Particle Size Distribution (delta as is and smccchad)

"-size size tl'li ckener tl'licleel1.er tl1.ickener thickener
um Olass prod frac prod cum prod frac prod cum

~ ~ 90 smooth !~ smooth
~ 45 1 25.7 25 .7 25 .9 25.9
.... 45 2 :2 .1 27 .8 :2 .1 27.9
... 53

1'-"'-

53 :3 2.5 30 .3 :2 .4 30 .4
1-'

63

.... 63 4: 4.5 34 . a 4.6 3,1..9
,~ '1$

+ 75 5 6.S 41.5 6. a 41.S
~ 1.06,..--
+ 106 is 9.6 51.2 9.G 51.4Ir-ill4- 150 7 J.2 .8 64.0 12 .8 64 .2I a 212~~--
. 212 8 12 .1 7G .1 12 .1 76'.3
--2.90
.~300 .9 11, a 87.9 11.7 98 .0
~ 425
,~ 425 10 :3 .9 91,B 3.8 91. S
~ 500
.~500 :l.l :3 .6 91:;'4 :3 .5 95 .3
q GOO~. -,,--i~

4- 600 12 :3 .6 98 .9 :3 .5 98 .8
q 850 ~~
-I- 850 13 0.7 99 • G 0 .9 99 .7
1180 ~_..,._

+ 14 0 .4 100.0 0 .3 100.0
1180
t.ot~\!ll 100 .0 100.0~~~ ......= "_'j=C. .-- .....•;::,. =" "",.."",..,,.- - '=...., ~..;.y-.~~"'..' ='- .... """'~.,-.",.".
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E:X:p.4 : Test 2
~ particle Size Distribution (data as is and smoothed)

~~=="' .. ---.,.~
size size cyclone cyclone cyclone cycloneurn class u/:e frac u/f dum ~ u/f frac ~6 u/:e cum ~

..
!)j smooth smooth

~ 45 1 7.4 7 .4 8.1 8.1
-I> 45 :2 0.9 8 ') 1.2 9.3....
~ b3~--
I' 52 3 0.9 9.1 0.9 10.2
~ 63
... 63 4 1. '1 10.4 1.G 11.8
~ 75
~, 75 5 2.4 12.8 2.6 14.4
~ 106
-I> 106 6 4.6 17.4 4.8 :1.9.1
~ l~)Or--'"
.j. 150 7 8.2 25.6 8.3 27.4
~ 212
+ 212 a 11.5 37.1 l1.4 38.9
~ 300
4- 300 9 17.6 54.7 1"1 . .3 56.2
~ 425 -1---"-.., 425 10 8.9 G3.6 S.6 64.9
~ 500
4· sao 11 10.6 74.2 10.1 75.0
~ 600
+ 600 l~ 17.1 91.3 16.9 91.B
~ 850_;.._

"" 850 :1.3 (L 1 97.4 6.0 97.7
1180
+ 14 2.6 101;).0 2.3 100.0
US 0 -....t--~~
total 101,0 100.0

.. ;; w -.~=;=~..~-";i;i\"~~ -= ..... 01 =-,.;;:;,;;;
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EXp. 4 : 'rest2
!'o Particle Size Distribution (data as is and smoothed)

size size screen
um class u/f frac

s:;

- 45 25.21

screen screen u/f screen
u/f cum !It) frac % u/f cum ~

smooch smooth
25.2 24.9 24.S
27.9 2.7 27.5+ 45

- 53

+ 53 3
- 63

2.7

2.2 29.930.2 2.3

34.2 3.9

40.1 5.9

49.1 9.9

61. G 12.4

75,1 13.5

90.0 15.1

94.5 4.6

97.8 3.4

99.S 2.1

100.0 0.3

33.7+ 63 4
w 75
+ 75 5
- :1.06

6.0 39.b

+ 212 8
..300

9.0

12.5

13.5

60.9

+ 300 5)
- 425
""425 10
w 500

15.0 89.5

4.5 94.1

~. 500 11
~ GOO 97.153.2

-l- 600 12
~ 8$0

2.0 99.6

-I- 850 13
1180

-l-

1180
14

0.,2

0,0

99.S

0.2 100.0100.0

89



Exp. 4 : Test 2

~ Particle Size Distribution (data as is and smoothed)

size !.lizG screen screen tJcteel1 screen screen screen
tun class (..lis I A dis. A dis. A dis, A dis. B dis B

fl .a C cum f.l:'aC" euin , :rrae cum[j

smooth smooth
w 45 1 2.7 2.'1 :201 2.1 3.2 3.2

'" 45 ., 0.4 3.1 0.4 2.(5 0.3 3.5...
~ 53

+ 53 a 0.2 3.4 0.4 3.0 0.3 3.9
... 63
... 63 <] 0.9 4.2 1.0 3.9 (l.a 4.1
- 75
+ 75 5 1.9 6.1 1.7 5.6 1.:) €l. b
= 106
+ lOG 6' 3.7 9.B :3. 5 fl.l 4.0 10.6
~ lSO

'" 150 7 7.0 16.8 6.9 16.0 7.4 18.0
~ 212
... 212 B 10.2 27.0 10.2 26.2 10.4 28./j
= 300 '--~.300 9 17.0 44.0 1'1.1 43.2 16.9 45.3
- 425

'" 425 10 9.8 53.9 9.9 53.2 9.8 55.1
- 500

+ 500 11 12.4 66.3 12.'1 65.S 12.0 6'1.1
~ GOO
+ 600 12 22.5 8S.a 22.8 Silo 6 22~2 89.2
= 850
+ 850 13 8.3 97.1 S.3 tlG.!l 8.0 97.3
11St)
,~ 14 2.9 100.0 3.1 100.0 2,7 100.0
11M

total ~ 100.0 100.0 100.0..-
~j. B. soreen discharge A : primary dewa t llring produot

screen dischnrge IJ : secoltldurydewatering p.r:oduet

S8



EXp. :3 : Test 3
General running conditions ( data as is and smcoth~d

data )

cyclone screen scret'n u/f thickener
u/f disch. prod

solid 1.470 1.020 0.420 0.160
t/hr as
is
solid 1.479 1.209 0.421 0.160
t/hr
smcothed
slurry 3.332 1.614 .2 .192 0.473
t/hr

~qothed -
% H2O 56.38 25.00 80.51 66.26
surface
Po H2O .55.88 25.08 80.79 66.19
surface
smoothed --
9, ash 17.64 15.31 22.17 12.12u

Pu ash 17.63 15.32 22.17 12.12
smoothed -. - ._ . =-
solid solid H2O H2O ash ash
SCl:'een screen surface surface inlets outlet
inlet cutlets screen screen acreen screen
t/hr t/hl." inlet outlets t/hr t/hr
- t/hr t/l~r
1.630 1.630 2.175 2.175 0.279 0.27.9

;= ...... =r=
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Exp. 3 : Test 3
Detailed solid mass balance across unit screen for each

size class

size size % size screen 90' size screen lum class distn. inlet distn. outlet
screen t/hr screen t/hr
inlet outlb!;

- 45 1 7.1 0.115 7.1 0.115
+ 45 2 0.9 0.0144 0.9 0.0144- 53

+ 53 3 0.7 0.0117 0.7 0.0117- 63

+ 63 4 1.4 0.0234 1.4 0.0234- 75
+ 75 - 5 2.2 0 0366 2.2 0.0366
105

+ 105 6 4.5 O. 0737 4.5 0.0737- 150 .-1-'-.~150 7 8.S 0.139 8.5 0.139- 212-
+ 212 B 11.5 0.187 11.5 0.197- 300
+ 300 9 17.0 0.278 17.0 0.2'78- 425

+ 425 10 8.8 0.14.3 8.8 0.143- 500 --
+ 500 11 10.3 0.168 10.3 0.168- 600 --
+ 600 12 18.0 0.293 18.0 0.293- 850 -

850 13 6.7 0.109 6.7 0.109
190

--;.~ 14
~ ~

2.4 0.0386 2.4 0.038_§__= ~---
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EXp. 3 : Test 3
% Total Retention ( data as is and smoothed data )

-
size size 9u frac % cum % frac % cum
um class retention retention retention retention

smooth smooth
~ 45 1 19.0 19.0 27.5 27.5
+ 45 2 4.4 17.7 29.2 27.7
~ 53
+ 53 3 13.5 17.4 34.8 28.3- 63 -
+ 63 4 3.0 15.3 38.6 29.8
~ 75
+ 75 - 5 30.2 18.0 42.7 32.1
105

+ 105 G 40.2 23.9 50.7 37.1- 150

+ 150 7 47.9 32.0 57.2 43.8
~ 212

+ 212 8 58.2 41.. ':j 64.9 50.4
~ 300
+ 300 9 70 5 50.0 74.8 58.1- 425 -
+ 425 10 82.3 54.7 84.7 61.8
~ 500 -
+ 500 11 89.9 59.9 90.'7 65.9
~ 600 --
-I- 600 12 96.2 67.4 96.2 71.9
~ 850 .---.-
+ 850 13 98.3 69.7 97.6 73.7- 1180 -
+ 1180 14 %.4 70.4 94.8 74.2--total 64.7 74.2= - :::.,-- -- -
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Exp. 3 : Test 3
% Total Retention ( data as is and smoothed data )

-
size size % frac % cum ~Q frac S'b cum
urn class retention retention retention retentionsmooth smooth- ,-
~ 45 1 19.0 19.0 27.S 27.5
+ 45 2 4.4 17.7 29.2 27.7- 53

+ 53 3 13.5 17.4 34.8 28.3
- 63
+ 63 4 3.0 15.3 38.6 29.S
~ 75 _ ..
+ 75 ~ 5 30.2 18.0 42.7 32.1
105 ;--

+ 105 6 40.2 23.9 50.7 37.1
- 150 -- _.
+ 150 7 47.9 32.0 57.2 43.'3- 212 ---
+ 212 a 58.2 40.3 64.9 50.4- 300 !
+ 300 9 70.5 50.0 74.S 58.1- 425 -
+ 425 10 82.3 54.7 84.7 61.8- 500
+ 500 11 89.9 59.9 90.7 65.9- 600 -
+ 600 12 96.2 67.4 96.2 71. 9
... 950
+ 850 13 98.3 69.7 97.6 73.7- 1180 --
-I- 1180 14 95.4 70.4 94.8 74.21-----
total 64.7 74.2,_

95



Run 4
t Particle Size Distribution (data as is and smoothed)

size size
(um) clasrJ

~ 75 1

+ 75 2
= 106
+ 106 3- 150
,I' 150 4:
~ 2:1.2

+ 212 5
- 300
+ .300 6
... 425
+ 425 7
= 500
4- 500 8
= 600~--
.~ GOO $)
~ 950

feed to
cyclone
frac t

feed to
cycl.ons
dum %'

M.A. 'N A.
M.A. N.A.

N.A. N.A.

N.A. M.A.

M.A. N.A.

N.A. N.A.

M.A. N.A.

feed to feed tocyclone aycl011El
frac !it cum !~

smooth smooth
12.5 1;L5
~ riW>J 15 .2... (

4.8 20 .(')
9 .3 29 •011

12 .2 41.6

17.2 58 .8 --a .6 67.3

M.A. N.A.

+ eso ao
= 1180.

N.A.

N.A.
N.A.

---- ."........."'=-">_,

N.A.
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Run 4:

~ Particle Size Distribution (data Be is and sMoothed)
__._ ,",'-C~·"'-""·'o~".,.c.~·_ "",," =..--""'''_ ~,.:-.=". ~,"="'.". .--,,"...._,._. =- - ,"-,.---'-- --

size aize cyclone cyclone cyclone cyclone
(urn) class elf frae o/f cum ~~' c/f frac 0/£ cum Il,

~k !!r smooth smooth
~ 75 1 54 .0 54 , 0 55 .3 55 .3
+- 75 2 G . G 60 .6 G .4 61.7
u 106
+ 10(;) :3 9 .2 GSJ . '1 8 ·6 70 .3
u J.50
+ 150 4: 11."1 91.4 11 .2 81. £5
Q 212

+ 212 5 9 .9 91.3 9 I' 90 9.::l ·~ 300
f--.-tt -~
+ 300 6 6 .5 97 .a G ·0 97 ·ou 425
+ 425 '1 1.4, 99 , 1.4 99 .4....
~ 500
ol- 500 a 0 .5 99 .7 0 • S 99 .2
u sec
... 600 s 0 .2 99 , $) 0 .4 99 ·Gu 850

4· 850 10 0 .1 100 , 0 0 .3 99 , a
u 1180

'" 1180 11 a ,0 100 • 0 0 .2~ 100 .0
r ~

total "~"""""".,~ 100 .0 .100 .Q,-,--"-..;",;;;£;.;~,_.~- ....'" ..", ... -,.... ~, ...;",;,,..,,, ..

lOG



Run 4:

~ Particle Size Distribution (data as is and smoothed)
~ -. - ._ - =-.",

size size thickener thi~l~m1.er thickener t.hicken.er
(urn) class prod :Erac prud cum prod frat.! prod cum

~u ~ 9J smooth ~ smooth
- 75 1 N.A. N.A. 41.1 41.1~-"-- ..-

+ 75 2 N.A. N.A. 7.7 48.8
u 106
+ lOG :3 N.A. N.A. 12.1 GO.9
~ 150
+ 150 4 N.A. N.A. 13.9 74.S
- 212
'I< 212 5 N.A. N.A. 11.8 8G.G
~ 300 ..

_.
+ 300 (5 N.A. N.A. 9.2 9S.8
~ 425

'I- 425 7 N.A. N.A. 2.1 9'1.9
~ 500
+ 500 a N.A. N.A. 1.1 99.0- 600
+ GOO 9 N.A. N.A. 0.5 99.5- 650
+ 850 10 N.A. N.A, 0.3 99.~- 1180 --
.1< 1180 11 N.A. N.A. 0.2 100.0
total N.A. 100.0 ,--..~.~-.
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Run 4:

~ particle Size Distribution (data as is and smoothed)
-- - =~''''',," ........_'" --.,-~"",,,

size size cyclone cyclone cyclone cyclone
(um) class u/f u/f cum flJ U/f :Erac u/f

frac ~~ ~, smooth cum ~tic

smooth
- 75 1 5.3 5.3 5.4 5.4
+ 75 :2 1.S 7.1 2.1 7.5
~ 106
+ 106 :3 4.1 11.2 4.2 11.7
~ 150
+ 150 4: 9.3 20.6 9.0 20.!
~ 2J.2
+ 212 5 13.2 33.S 12.7 33.4
~ 300
+ 300 (5 19.6 53 .4 19.0 52.4:
~ 425
+ 425 7 9.8 63.2 9.S 62.2
~ 500
+ 500 8 10.9 74.1 11.0 7:3.2
- 600

+ 600 s 17.9 92.0 18.2 91,4
~ 850-- -
+ 850 10 15 1 98.1 6.4 97.S
~ HaO _ ... --
oj. 1180 3.1 1.9 100.0 2.2 100.0,

total 100.0 100,0~- -e:::.. = ::-=
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Run 4
!); Particle Size Distribution (data as is and smoothed)
....- =-"
size
(urn)

size screen
class u/ffrac !t;

scr~en screen
u/f cum %' u/t: fraa

~.;~jmfJoth

103

screen
u/f
cum III
smooth

26.8 26.S

5.2 93.6

14.5 56.4I~~~--~----~---------~--~-------~~-------------'------~I
15.7 72.1

--~--------+---------~.---------.~--------~[

~ 75 1 27.3 27.3
+ 7.5 ;3 5.9 33.2
w 106
+ 106 3 9.1 42.3
~ 150
+ 150 4: 14.5 56.S- 212
'I' 212 5 15.6 74.4
~ 300
"I' 300 6 16.4 88.8- 425

'" 425 "I 5.1 93.9- 500
+ 500 8 .3.5 97 .4
w> 600

'" 600 9 2.(' 99,4
g 950
~.SSC) 10 0,3 99,7
~ 1180

'" 1190 1:t 0.3 100.0.
total 100.0

"!~ ..:-=--"t':2"-~-==-==. .=::: ....

5.9 .32.8

9.1 41,9

16.4 88.5

3.6 97.2

2.0 99.2

0.4 99.6

0.4
100.0

100,0



Run 4
%' Particle Size Dif:ll"'1"; bution (data as is and smoothed)

size siz~ screen screen screen sc:r.een
(um) class dd sch. disch. disch, disch,

:Erac Po cum ~ :Erae to C'!unt S);
smooth smooth

~ 75 1 3.9 3.9 3.7 3.7
......... $ .

+ 75 2 1.7 5.6 1.7 5.4
= lOG
+ 106 :3 3.7 9.3 3.9 SL2
~ 150
+ 150 4 7.6 17.0 8,1 17.3
w 212
+ :U2 .5 J.1.0 26.0 11.'7 29.0
~ 300
+ 300 <5 19.1 415.1 18.5 47.5
~ 425
+ 425 '7 10.1 56.2 10.1 57.15
= 500

'" 500 S 12.1 68.3 11. 5) 69.S
~ 600
~, 600 5) 21.5 89.S 20.6 90.2
~ 850

+ S50 10 7.6 97.4 7.3 97.5
~ 1:1.80

'" 1,180 11 2.6 100.0 2.5 100.0
total 100.0 100.0--===~=-_",
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EXp. 4 : Test:.:3
General running donditiollS ( data as is and smoothed

data )
!r======;=""'~":;;:;~""'-.==-::::0=0,,----=---=-----")=====-==='=--;:;;: ...'=~--:::.::-=·===11

cyclone screen screen u/f thickener
u/f disch. prod

0.490 0.200

0.486 0.199

2.4Ei2 0.706

90.74 71.68

71 . 8:3

21.67
21.42 12.34

H20
sU:t'ft1.ce
screen
outlet
t/hr_'f-ooOo"~----t_...----+-----,.....--'""'"""II

=-=-===2=.=~~=7Q~O====~O~.=2='7=6-=====O=·=~~7G=__~==~
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EXp. 4: : Test 3
Detailed solid mass balance across unit screen for each

size class
. ..----,-- . - - ---.....

size si~e 90 size sct'een !i; size screenum class distrt. inlet distn. outlet
screen till': screen t/hr:I,1119t outlet

~ 45 1 7.0 0.114 7.0 0.114
+ 45 :2 0.9 0.0140 0.9 0.0140- 53 -

+ 53 3 0.8 0.0130 0.8 0.0130- 63
-l- 63 4: 1.5 0.0252 1.5 0.0252- 75
+ 75 - 5 2.4 0.0394 2.4 0.0394
105
.~105 6 4.9 0.0781 4.8 0.0781
~ 150-- -~,.
+ 150 7 9.2 0.150 9.2 0.150- 212
-l- 212 8 12.6 0.205 12.6 0.205
~ 200
+ 300 9 17.9 0.292 17.9 0.292
- 425

+ 425 10 8.S 0.144 8.8 0.144- 500 - -
4< 500 11 S3, 9 0.162 9.9 0.162- 600- -- .
+ 600 12 16.t1 0.267 16.4 0.267- 950 -
'I- 850 13 .7 0.0931 5.7 0.0931- 1180
,~ 1180 14 2.1 0.0348 2.1 0.0349

""1'''' ~-....~. ~. - ~-~"....---.-, .. . l--:-' -- _r .... =.

100



E:X:p.4 : Test 3
~ Total Retention ( data as is and smoothed data )

. ._ ~. ~ '" .. '

size size % frac % cum !!,. fl.-at.! ~ cum
um class retention retention retention retentionsmooth smooth
"'4 45 1 13.1 13.1 19.4 19.4
+ 45 .2 2.3 12.1 23.4 19.8- 53 ~-
4- 53 :3 8.9 11.8 28.1 20.6
~ 63 -
+ 63 4 15.2 12.3 34.2 22.7- 7$

+ 75 ~ 5 34.3 16.6 40.0 26.0
105

+ 105 (5 43.2 24.3 '!7.0 31.8
- 150 -
+ 150 7 50.9 33.S 53.3 39.2- 212
+ 212 8 60.3 42.6 61.4 46.4
~ 300 --
+ 300 S 71.4 52.0 71. 7 54.3
~ 425
+ 425 10 83.3 56 .5 82.6 ss .a
~ .500
+ 500 11 90.1 61.1 89.4 62.2
~ 600-------
1- 600 12 9G .4 67.7 95.7 68.1
~ 850- -
+ 850 13 97.7 69.6 96.8 651.8
= 1180 --
1- 1180 14 93.0 70.2 88.4 70.2- -t.ot.al 64.7 59:0- - =
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EXp. 4 : Test 3

t Particle Size Distribution (data as is and smoothed)
-

size size thicl~ew3r thicl~el1er thickener thickenerum class :prod frac prod cum prod frac prod cum
~ ~ % smooth % smooth

~ 45 1 18.'7 18.'7 18.7 18.7
+ 45 2 1.9 20.6 1.9 20.6- 53

+ 53 3 2.2 22.8 2.2 22.8
- 63 -
+ 63 4 3.2 26.0 3.2 26.0
~ 75
+ 75 5 5.6 31. 6 5.6 3J.. 6
~ 106
4- 106 6 9.6 41.2 9.6 41.2
~ 150~-
+ 150 7 14.2 55.4 14.2 55.4
- 2121--
+ 212 8 14.6 70.0 14.G 70.0- 300 -
+ 300 .9 15.0 85.0 14.9 84.9- 425
'i- 425 :LO 4.9 89.9 4.9 89.8
- 500
+ 500 11 4.3 94.2 4.2 94.0- GOO ._
+ 600 12 4.1 98.5 4.2 98.2
~ 850
+ 850 13 0.9 99.4 1.3 .99.5
<.OJ

1180 -
+ 14 0.6 100.0 o r- 100.0.0
1180 --total :1.00.0 100.0 .............._.1:. ~==== -~ -=
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EXp. 4 : Test 3
% Particle Size Distribution (data as is and smoothed)

- -
size size cyclone cyclone cyclone cycloneurn class u/l: frac u/f cum PO' u/f frac % u/f cum s,

u

9tf smooth smoot.h- _ .._
~ 45 1 4.9 4.9 5.4 5.4 --
+ 4S .2 0.5 5.4 0.7 6.1
= 53 - ~
+ 53 3 0.4 5.9 O.G 6.7
- 63
+ 63 4 0.9 6.8 1.3 B.O- 75 --
+ 75 5 1.8 8.6 .2.0 9.9
~ 106 ,

+ 106 6 3.9 1.2.4 4.1 14.1
- 150 - ......~ -
+ 150 7 8.2 20.6 8.5 22.6
- 212 -
+ 212 8 12.0 32.6 12.3 34.9
- 300 - -
+ 300 9 18.3 50.9 18.3 53.2- 425 - -~
+ 425 10 9.6 60.6 9.4 6.2.6- 500
+ sao 11 11.1 71.7 lO.7 73 .3
~ 600 --
+ GOO 12 18.9 90.6 18.0 91.3
~ 850 .
-l- 850 13 1$.6 97.2 6.3 97.6
~

~,180
+ 14 2.8 100.0 2.4 100.0
1180 --t.otal 100.0 - 100.0

-0-".'=' , -= ",,,"=,,
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EXp. 4 : Tes~ 3
!1; Particle Size Distribution (dat.aas is and smoothed)

_.
. .

size size screen screen screen u/f screen
urn class u/f frac u/f cum 9J frac % u/f cum 90-

% smootih smooth
- 45 1 19.1 19.1 18.9 18.91---'-- -
+ 45 2 2.2 21.3 2.2 21.1
~ 53 .

+ 53 3 1.9 23.2 1.9 23.0
- <53 - .

+ 63 4 3.4 26.7 3.4 26.4
- 75 - ;i
+ 75 5 4.9 3:1..6 4.9 31.3
~ 106

""'---

+ lOG 6 8.6 40.2 9.5 39.8- 150
+ 150 7 14.6 54.S 14.4 54.2- 2J.2

.f- 212 8 16.4 71.2 16.2 70.5- 300 - -
+ 300 5) 17.1 86.4 17.0 87.5- 425 .

+ 425 10 5.1 93.4 5.2 92.6- 500 ,--
+ 500 :1.1 3.4 %.9 3.5 96 .2- 600 - ---
'I- GOO 12 2.1 99.0 2.4 98.6- 650 - - =.; ~

+ 850 13 0.4 99.4 0.6 99.2-1180 - .- -
+ 14 0.6 100.0 0.8 100.0
1.180 -total 100.0 100.0--- - =~ ~ -_ .
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Run 5
, Particle Size Distribution (Data as is and smoothed)

~ ......., =. ~- _. "'" ~~""""'=-_10' - '"_<-=- . """'''''

size size t.hickener thickener thicl~ener thickeHler
(um) class prod prod cum prod frac prOdfrac ~J ~. s:; smooth cum !'ij

-- smooth-
~ 75 1 40.9 40.9 39.6 39.6
+ 75 :2 7.4 48.3 7.5 47.1- 106 -- _ _ _..

+ 106 3 9.0 57.3 9.1 56'.2
- 150r--- ..

+ 150 4 11.2 68.5 11.2 67.4
- 212 -..,. 212 5 10.l. IfI,. 7 10.2 77 ,(5- 300 - --
+ 300 6 10.6 !HJ.2 10.5 aa.a- 425 ..

+ 425 7 3.6 S)2.8 3,7 91. 8
- 500
+ 500 8 3.4 96 .2 3.3 95.2
- 600

~

600 9 3.4 99.6 3.3 98.5
850

850 10 0.4 100.0 1.1 99.6+- 1190 ~.-
+ 1180 11 0.0 100.0 0.4 ..!90.0 .
total 100.0 100.0= "- .--.,.-~-.. ~,=~
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Run [3

~ Particle Size Distribution (Data as is Bnd smoothed)

siza
(urn)

cyclone cyclone
u/i: dUlrt!!; u/f fraa

~J amoouh

1.7

size cyc.Icno
class u/f

frac !Ii

cyclone
u/:!:
cum 9.
limooth

4.~

7.S

3.SJ

5.6

:is.4

10.0

1:(1.8

25.5

10.3

4,8

~ 75 1 4.8 4.8
1- 75 ~ 1.6 G.4
~ 106
+ 106 3 :L8 9.2
~ :L50

'I' 150 4 4.9 14.0
Q 212
-l- 212 s '1.8 21.8
~ 300 ~~
,(. 300 6 15.3 37.1
~ 425-
+ 425 '7 J,O.O 47.1
" 5001---'"."
·to 500 S 12.9 GO.O
~ 600 ~"j"~-"''''"'''-;;;'

+ GOO 9 :as.4 8!L4
d 850
,I' 9S0 10 9.B 95.2
~ 1180
+ 1180 :1.1 4.8 100.0-to~al 100.0

• >''''''''''''-'' --"""'~""'...=

8.5

13.4

3(5.6
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Run 5
~ Particle Size Distribution (Data as is and s~o~thed)
~<:-- ..~

she size s(:reen screen screen screen
(urn) class u/f u/f cum ~ ulf frac u/ffrac S;; % smooth cum ~

smooth
~ 75 1 36.3 36.3 35.2 35.2...............
01< 75 :3 15.3 42.5 6.5 41.6- 106
+ l06 3 8.3 50.8 8.4 50.0
~ 150
4> 150 4 10.6 6:t.4 10.6 60.6
~ ;.'112 --
,j. 212 5 11.4 12.8 11.4 71.9
~ 300
+ 300 6 14.2 B7.1 14.0 85.9
~ 425
4- 425 7 13.6 92.7 5.7 91.6
~ 500
+ 500 a 4.1 96. 9 4.3 96.0
~ 600
<I- 600 9 2.B 99.7 2.9 98.9
~ B50
+ 850 10 0.3 100.0 0.6 9.9.S
~ ll80.-..--~
+ l180 11 0.0 1.00.0 0.15 100.0
total 100.0 lOO.O ""'..,..:..~---:.I-- .=-=

116



Run 5
~ Particle Size Distribution (data as is and smoothed)

-....,. ,~---="" __...__ - ,...._~

s;l.II0 sizo aen dis sen dio scm dio ,scm dis Don diD !lcn dis
(um) ..UHl A A cum % A frac: % A oum %' 13 frac: B oum ~

:t;~I1Q % amco tih IJlI\ooth ~ .- - -

w 75 1 3.7 3.9 3.7 3.7 5.1 S.:1.-- _.

+ 75 2 1.3 5.6 1.7 5.5 1.4 6.4
- 106 - - -

'r 106 :3 2.5 9.1 3.8 8.4 2.7 9.2
~ 150 I-

+ 1.150 4 4.6 17.0 8.1 13. , 5.1 14.2.
Q :;l12 - -

+ 212 .5 7.0 26.0 11.7 20.4 6.0 ~2.2
w 300 - -- .-

+ 300 (5 1<1.6 46.1 18.5 34.S 15.2 37.2
- 425 -
'" 425 7 9.7 56.2 10.1 44.4 10.1 47.6
~ 500 .
+ 500 8 13.0 159.3 11. 9 57.3 :1.2.9 60.4
~ 600
+ 600 9 27.9 89.8 20.6 84.1 26.1 86 ..$
~ sso -.--

of' 850 10 11.3 97.4 7.3 95.1 10.1 96.7
=

i rso - -... 11 4.2 100.0 2.5 100.0 3.3 100.0
1180
totaJ. 100.0 J.OO.O 100.0 _.-l___:;.. '= ~-
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Run 4

Gen@ral Running Conditions ( Data as is and smoothed )

~=~ -~~.,~ ~ ~
eye thk sell sell feed to eye thk (j/f
u/f prod dis eye elf

solid 1.13:; N.A. 1.121 0.27'1 t-!.A. 0.191 N.A.
t/ht'

sclid 1.130 0.121 0.9"'3 0.2'/8 1.318 O.lBS 0.061
t/nr
smooth
slurry 2.400 N.A. 1.510 1.260 N.A. 7.995 N.A.
t/l1r --9lUt"l,'y ;a.29B 0.339 1.313 .3~5 9.661 7.Y/I3 1.02!j
t/hl"
stTlboth
f(; H2O 52.!lG N.A. 25.47 'n .91l N.A. 9'1.GG M.A.
% H2O 50.83 64.32 25.B8 79.03 86.36 97.45 99.05
smooth
$]; soHd 47.14 1'1.A. 74.53 ::12.02 1'1.A. 2.55 N.A.
P,j solid 49.17 35.68 74.12 20 • 9'/ 13.64 2.05 0.95
smooth.

N.B. ~ H2O " surface moistuz:e

---
solid solid H2O sen H2O sen solid solid H2O H2O eye:
sen sen inlet outlet e~te eye eye outlet
ill1et outlet t/h1." tIl'll' inlet outlet: inlet t/h:e
tint' t:/h,." t/I11': t/hr t/lll:

1.2!i1 1.251 J•• 386 1..38'1 1.318 1.318 8.343 8.358 dI

-. - -
solid solid H2O thk H2O I:hIt solid solid H2O H2O
t:hk t:hk inlet outlet sump sump sump sump
inlet outlet t:/I11' t/l1r inlet outlet inlet outlet:
t/l'lr tIl'll' t/hr t/h).' t:/hr t/h!.'

u.aaa 0.188 7.190 "'.17(5 1.318 1.318 8.345 IL343- .... - .~ .. -
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Run 4
Detailed Solid Mass Balance for Each Size Class

- - -
size size % size sump ~s Size sump
(urn) class distri. inlet. c..istri. outletsump solid sump solid

inlet flow rate outlet flow J:~at.~
t/hr - t/hr --

~ 75 1 12.5 0.165 12.5 0.162 ...._- -
+ 75 :2 2.7 0.0355 2.7 0.0355
~ 106 .
or 106 3 4.8 0.0639 4.8 0.0639
~ 150
+ 1:30 4 9.4 0.123 9.3 0.123
~ 212 -
+ 212 !5 12.2 0.161 12.2 0.161
~ 300 -----
+ 300 6 17.2 0.226 17.2 0.226
~ 425 ----
+ 425 7 8.6 0.113 8.6 0.113- SOCI -
+ 500 8 9.5 0.126 9.5 0.126
~ 600 -
+ GOO 9 15.7 0.206 15.7 0.206- 850

"
+ 850 10 5.5 0.0726 5.5 0.0726- 1.180 -
+ 1180 11 1.9 0.0257 J.. 9 0.0257._

1..-- "
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Run 4
Detailed Solid Mass Balance for Each Size Class

size size Zl size thickener 90 size thickener
(um) class distri. inlet distri. outlet

thickener solid rhickener solid.inlet flow rate outlet flow rate
t/hr t/hr I

~ 75 1 55.3 0.104 55.3 0.104 jf-----

+ 75 2 6.4 0.0121 6.4 0.0121
~ 106
+ 106 3 B.6 0.0162 8.6 0.0162
- 150
+ 1.50 4 11. 2 0.210 11.2 o.oaro
~ 212 -

+ 212 .5 9.5 0.178 9.5 0.0178
~ 300 -
+ 300 6 6.0 0.113 6.0 0.0113
- 42$ ......___,_-
+ 425 7 :1..4 0.00267 1.4 0.00'267
- 500 - -~
+ 500 8 0.8 0.00147 0.8 0.00147
~ 600
+ GOO s 0.4 0.00(1'163 0.4 0.000763
~ 850
+ 850 10 0.3 0,000479 0.3 0.000479
~ 1180-~- _. - ~ - -
+ l'L80 11 0.2 O. 00..9..~18 0.2 O. ()OO318

:r.:::-"'.- - .~. ..~
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Run 4
Detailed Solid Mass Balance for Bach Size Class

-~ - r--
he size ~o size cyclone * size cyclone
(um) class distri . inlet d:Lstri. out.let

cyclone solid cyclorl0 solid
inlet flow l:ate outlet flow rate

~ t/hr t/hr -.

75 1. 12.5 0.165 12.5 0.165- --75 :2 2.7 0.0355 2.7 0.0355
106 - -

~ 106 3 4.8 0.0639 4.8 0.OEi39. 150 ~ ....
150 4 9.3 0.123 9.3 0.123
212-
212 5 12.2 0.161 12.2 0.:1.61
300--
300 6 17.2 0.226 17.2 0.226
425--
425 7 8.6 0.113 8.6 0.113
500 -
500 8 9.5 0.126 9.5 0.125
600 -
600 9 15.7 0.206 15.7 0.20(5
8S9_. --
950 10 5.5 0.0726 5.5 0.0726
1180

1180 11 1.9 0.0257 1.9 0.0257--,

a

+

oj

=
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Run 4
Detailed Solid Mass Balance for Each Size Class

-
size size iJ! size screen % size screen0

(urn) class distri. inlet distri. outlet
screen solid screen solid
inlet flow rate outlet flow rate

t/hr t!hr
- 75 1 8.9 0.111 8.8 0.111.
+ 75 2 2.6 0.0327 2.6 0.0327- 106 .~
+ 106 3 5.0 0.0623 5.0 0.0623- 150
+ 150 4 9.5 0.119 9.5 0.119- 212
+ 212 5 12.6 0 158 12.6 0.158
- 300 -
+ 300 6 18.1 0.226 18.1 0.226- 425 - ---
+ 425 7 9.0 0.113 9.0 0.113- 500 -
+ 500 8 10.0 0.126 10.0 0.126
~ 600 ~ --
+ 600 9 16.5 0.206 16.5 0.206
~ 850
+ 850 10 5.8 0.0725 5.8 0.0725
.... 1180 -
+ 1180 11 2.0 0.0255 2.0 0.0255-
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Run 4
% Total Retention ( data as is and smoothed )

size size total 9" total % total % total %
(um) class retention retention retention retention

frac. cum %' frac cum
smooth smooth

- 75 1 36.6 36.6 32.6 32.6-
-l- 75 :2 53.8 40.6 49.8 36.5- 106
+ lOG 3 62.2 47.1 59.4 43.4
- 150
+ 150 4 68.0 54..8 66.1 51.7- 212 .
+ 212 5 74.1 61. 0 72.3 58.5- 300
+ 300 6 81.7 67.8 79.8 65.3- 425
+ 425 7 88.9 70.8 87.2 613.3
- 5001---;"

'r 500 8 93 .3 73.9 92.1 71. 5- 600 ........~.. -
+ 6'00 9 97.8 78.5 97.4 76.1- 850

"" 850 10 99.0 79.8 98.3 77.4- 11M

+ 1180 11 97.2 80.2 95.6 77.8
total 80.2 77.'d- -
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Run 4
~ Total Retention ( data as is and smoothed )

- - ";:

Isize size total % total %' total %- total ll-
0

(urn) class retention retention retention retention
frac. cum %' frac cum

1-- smooth smooth
~ 75 1 36.0 36.6 32.6 32.6
+ 75 2 53.8 40.6 49.8 36.S
- 106 -
+ 106 3 62.2 47.1 59.4 43.4
- 150
-l- 150 4 68.0 54.8 615.1 51.7- 212
+ 212 5 74.1 6J..0 72.3 58.5- 300
+ 300 (5 81.7 67.8 79.8 65.3- 425
+ 425 7 88.9 70.8 87.2 68.3
- 500 --_
+ 500 8 93.3 73.9 92.1 71.5- 600 -
+ 600 9 97.8 78.5 97.4 76.1- 850
+ 850 10 99.0 79.8 98.3 77.4- 1180 -
+ 1180 11 97.2 80.2 95 " 77.8
total 80.:? 77.8

109



Run 4
t Particle Size Distribution (data as is and smoothed)

- "

size size thickener thickener thickener thickener
(urn) class off frac off cum O/f frac off cum ~6

t % % smooth smooth
- 75 1 N.A. N.A. 80.8 80.8
+ 75 2 N.A. N.A. 4.2 85.0
- 106 -
+ 106 3 ! N.A. N.A. 2.3 87.3
- 150 --f---
+ 150 4 N.A. N.A. 6.2 93.5
- 212 .
+ :'.12 5 N.A. N.A. 5.2 98.7- 300
+ 300 6 N.A. N.A. 0.4 99.1
- 425
+ 425 7 N.A. N.A. 0.2 99.3
- 500
+ 500 a N.A. N.A. 0.2 99.5- 600
+ 600 9 N.A. N.A. 0.2 99.6
- 850
+ 850 10 N.A. N.A. 0.2 99.8- 1180
+ 13.80 11 N.A. N.A. 0.2 100.0
total N.A. 100.0 -
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Run 6

% Particle; Size Distribut:.ion (Data as is and smoothed)
....._. ~~ ..........-
size size cyclone cyclone cyclone cyclone
(um) class u/f u/f cum % u/f fl.'ac u/f

frat! !'J 90 smooth cum *smooth
~ 75 1 3.7 3.7 3.1 3.1
+ 75 2 1..:1 5.0 1.2 .1. 3
~ lOb
+ lOG :3 2.5 7.5 2.3 6.7- 150
4- 150 4: 4.B 12.3 4.5 1:1..1
~ 212 - -

4· 212 5 8.1 20.3 7.7 la.S}
~ 300
+ 300 b 15.9 36.3 15.7 34.5- 425
+ 425 7 i 10.3 46.6 10.4 44.9
~ 500
f. 500 I S 13.2 59.8 13.6 58.5- 600 ,~..,._.
l' 600 9 26.1 85.9 26.G 85. :- 850

'" 850 10 10.4 9G .3 10.7 ss .s- USD

'" l1SO 11 3.7 lOO,O 4.2 100.0
total 100.0 ;,9..Q.·O-.:;,. . _ . ---
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Run 6
~ Particle Bize Distribution (Data as is and smoothed)

-=--= ="""""=""""'=."'="''''''''''~='''=--''''''' ~=".",_~ c"'- ---'--J...,... ...,,,,, .~ -~==. '."","", ---_."", -

size she screen screen screen IZCreel1
(urn) class u/f u/f cum ~ u/f frac u/f

frac ~ %' smooth cum !j

smooth
~ 75 1 34.5 34 .5 33 .7 33 • '1

4' 75 2 6.9 1.j,1.3 6,8 40.4
~ 106

'" 106 3 S .2 49.S a .1 48 .5
~ 150

+ 150 4 10.8 60.2 10.6 59.1
", 212
.;. tl12 5 1l.S n .0 11.6 70.S
~ 300
4· 300 s 14.6 96.6 l4.4 85,2
~ 425

+ 425 '1 5.6 92.2 5 .7 so.£)
= 500
+ 500 (3 4.3 %.5 4.4 95 .3.. GOO
4' GOO 9 :3 .0 99.S :3 .5 98.S.. 850
+ eso 10 0.3 99 .8 0 .7 99 .5
'" :1.180

.;. 1180 11 0 .2 100.0 0.5 100 .0



Run 6

? particle Size Dist:dbution (data as is and smoothed)
--- - - _."",

siza size .son dis sen dis son dis SCln diG !lon ais sen di!:l
(urn) class A A cum ~ A frat:: % A OUlU ~ 13 frac EI cum -'Il

f:rac % smootih smooth %
-~

= 75 1 3.4 3.4 2.3 2.3 5.3 5.3
+ 75 2 1.5 4.9 1.3 3.6 1.4 6.7- 106 - --
+ 106 .3 2.9 '7.8 2.6 6.2 3.0 9.7
~ 150
+ 150 4 5.3 13.1 4.7 10.9 5.4 lS.l
= 212 --- ,-

+ 212 5 tL1 21.2 7.7 18.6 8.6 23.7
= 300 _Ii.

+ 300 (; 15.3 36.4 15.0 :33. E) 15.4 39.2
~ 425 -
+ 425 7 10.0 46.4 10.1 43.7 10.0 49.2- 500
+ 500 8 13.4 59.8 13.6 57.3 13.1 62.3
= 600 -- I---
+ 600 9 26.1 85.9 27.3 84.6 25.0 87.3
~ 850- ....._ -- ~
+ 850 10 10.3 96.3 11.1 95.7 9.4 %.7
~
1J 80

+ 11 3.7 100,0 4.3 100.0 3.3 100.0
1180- -total ~lQ.Q.O 3:,PO .0 100,0- =- -~'== ~."..
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Run 5

General Running Conditions ( Data as is and smoothed
" ..,~

1eye thk sen sen uff feed to eye thk
u/t prod dis eye o/f

solid 2.030 0.590 1.580 0.640 1'1.11.. 0.610 0.020
til'll:

solid 1. %6 0.582 l.an 0.676 2.568 0.603 O,O:U
I::/l1r
SnlCJotl1
slurry 4.200 1.490 2.060 :L980 IN.A. '1.090 1'4.11..
t/ltr ~~--slut'l'Y 4.no 1.469 2.44"1 3.133 11.393 '7.2fHl 15.897
t/hr
smooth
~ H2O 51.86 60.40 23.47 7B .34 7(1.80 91. 37 99.64
~ H2O 52.17 150.3'1 23.49 78.4.3 77 .46 91.'13 99.64
smooth
1(j' solid ·18.14 39.60 76,53 21.66 21.20 8.63 0.36
~ solld 47.83 33.63 '/6.51 ~L57 22.54 8.27 a.3G
smooth J

N.S. ~ H2O '" 9ul:fae~~ moisturCi

sdlid 90lid H2O sen H2O sen solid s01:l.0 H2O H2O eye
scm sen inlet outlet eye eye eye outlet:
inlii't outlet t/h!:' t/llt inJ.et: outlet inlet t:/lll:
~/hr t/llr t./h);' t./hr t/l11:'
2.548 :2..54B 3.031 3.032 :L568 2.569 8.825 8.825- .

== --- - =
solid !:Iolid H2O thk H2O thk solid soUd H2O H2O
thk: thk inlet outle~ SUIilP sump sump sump
inlet out:let: t:/l1r t/h1.' inlet: outlet inlet: outlet
t/111,' e /1\1: t/hr t/l11:' t/nr t/hr
0.603 0.1303 ~.6B5 6.7G3 2.569 2.568 8.908 8.825

==
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Run 5
Detai~ed Solid Mass Balance for Each Size Class-- "--'<~' ,~=-- - . ,'.,'","0"", ~ ~ ~ - .~

size f::':ize 9- sil,e sump % size sump0

(um) distri. inlet distri. outlet:
sump solid sump solid
inlet flow rate outlet flow rate

t/hr - t/hr
75 1 12.2 ~ 12.2 0.312- . _I :').313,-

+ 75 2 3.0 i 0.0781 3.0 0.0781
- 106 -- ~ -.

oj. 106 3 4.4 0.114 4.4 0.113- 150
:~ --

+ 150 4 15.5 0.167 5.5 0.167
= 212 ..
+ 212 5 8.5 0.218 8.5 0.218
= 300-
+ 300 6 14.1 0.363 14.1 0.363- 425
>/< 425 7 8.5 0.219 8.5 0.219
= SOO~: ---
+ 500 !3 10.6 0.272 10.6 0.272- 600
+ 600 9 20.3 0.521 20.3 0.521 I- 850 -
+ 850 10 8.1 0.209 9.1 0.209
= l180 -
+ 1180 11 3.7 0.0960 3.7 0.0960-
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Run 5
Detailed Solid Mass Balance for Bach Sile Class

size
(urn)

size
cl.e:.ss

!~ size
distri.
thickeneroutlet

% size
distri.
thickener
inlet

thickenel:
inlet
solid
flow rate
t/hr

thickene:!:'outlet
soUd
flow rate
t)hr

39.10.236 0.2361 39.1
"/ .4oj. 75

- 106,-,_...;...;-;"'_-f--'

oj. lOG
150~~------~----~---

or 150
- 212

0.04450.04452 7.4

0.05£53 0.05649.3 9.33

0.0706 ll. 7 0.0'7064 11.7

4- 212
- 300

0.OG49 0.064B5 10.7 7

0.0612+ 300
- 425

10.2 0.0612 10.26

oj. 425
~ 500

0.0218 3.63.6 0.02187

3.2 3.2+ 500
~ 600

8 0.0:1.95

+ 600
~ 9S0I~--~--~--·--~----------r---------'*·--=--~--~--------~I
oj. 850 10 1,1 0.006437 1.1 0.00646
~ 1190Ir-~~~~----~---~--- ~~--~--------~1I
+ 1180

o .OJ,93 3.2 0.0:1.939

0.4 .~ .•~.!L_ 0.4 0.002154 .-.,.11
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Run S
D®tailecl Solid Mass Balance for Each Size Class--, "- . - ~-~ -

size size s:; size cyclone ~ size
(urn) clas8 dist:rl. i1'11et: dist:ri.

cyclone 90:,id cyclone
inlet: flow t'ate outlet

f--- t/hr
~ 7') 1 12.2 0.312 12.2
+ 7') :2 3.0 0.0781 3.0
~ 106 - ---

+ 10E) 3 4.4 0.113 4.4. 150
." 150 4 6.S 0.167 6.5
Q 212 -
+ 212 5 8.5 o .21S 8.S- 300

+ 300 6 14.1 0.363 14.1
- 425
+ 425 7 8.5 0.219 8.5- 500 - _.
+ 500 8 10.Ei 0.272 10.6
= 600 ._
+ 600 9 20.3 0.521 20.3
= 850 _.
+ 850 10 8.1 0.209 8.1
= 1180

13d ::::=:lM%o=+ 1180 ll:~: 3.7

eye Lone
out.let
solid
flow rate
t:/hr
0.313
0.078:1

0.114

0.167

0.363
----~--------_r--------~-----------0.219

0.:318

0.272

+---------~--------_4----------.~--------
0.2'.19

-=====================~~========~O.09Eil J- =~
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Run 5
Detailed Solid Mass Balance for Each Size Class

.
scre.~size size % size screen % size

(um) class distri . inlet distri. outlet
screen solid screen solid
inlet flow rate outlet flow rate

t!hr t/hr
~ 75 1 12.1 0.307 12.1 0.308
+ 75 2 3.0 0.0770 3.0 0.0770- lOIS
~.106 3 4.3 0.110 4.3 0.110
~ 150
+ 150 Il 6.3 0.162 6.4 O.lG2
- 212
+ 212 5 8.3 0.212 8.3 0.212
- 300
+ 300 6 14.2 0.363 14.2 0.363
~ 4:?S

+ 425 7 8.6 0.219 8.6 0.219
- SOD .
+ 500 8 10.7 0.272 10.7 0.272
1-- 600
". 600 9 20.4 0.521 20.4 0.521
~ 850 - -
+ 950 10 8.2 0.20.9 8.2 0.209

~.180 ~
+ 11S0 11 3.8 0.0960 3.8 0.0960-
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Run 5
% Total Retention ( data as is and smoothed )

.
Isize size totiil.l$'0' total % total % total 2ci'

(um) class retention retention retencion retention
frac. cum !?d" frac cum

smooth smooth
I-

- 7.r:. 1 27.5 27.S 22.7 22.7
+ 75 2 48.5 31.8 43.2 26.8
~ 106
+ 106 3 52.6 36.4 48.6 :n.7
- 150
+ 150 4 59.0 41.9 55.9 37.6
w 212
1----
+ 212 5 66.5 47.9 63.S 44.0- 300
+ 300 6 75.7 56.0 74.0 52.9- 425
+ 425 7 84.1 60.3 82.3 57.3- 500 --~
+ 500 8 :;-ll.E' 65.0 8:9.2 62.3- 600
+ 600 9 96.7 72.4 %.2 70.2
- B50 j___;.

+ 850 10 99.1 74.6 98.0 72.6
...:,1180
+ 1180 11 lOO.Q 75.6 96.4 '73.5_. : ;. -- -=
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Run 5
~ Particle Size Distribution (Data as is and smoothed)

size size thickener thickener thickener thickener
(urn) class olf off cum 90- off frac off

frac % ~ smooth cum %'
smooth. .......... - ,-

- 75 1 24.3 24.3 24.3 24.3
'-

+ 75 2 5.4 29.7 5.4 29.7- 106
+ 106 3 17.1 46.8 17.1 46.S
- 150
+ 150 4 24.9 71.6 24.9 71.6- 212
+ 212 5 215.2 97.8 26.2 97.8- 300
+ 300 6 0.4 98.2 0.4 98.2- 425

+ 425 7 0.4 98.6 0.4 98.6
- 500:--.
+ 500 8 0.4 98.9 0.4 98.9- 600
+ 600 9 0.3 99.3 0.3 99.3- 850 -
+ 850 10 0.4 99.6 0.4 99.6,. 1180 -
+ 1180 11 0.4 100.0 0.4 100.0
total 100.0 100.0-
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Run 5
% Particle Size Distribution (Data as is and smoothed)

--
size size cyclone cyclone cyclone cyclone
(u,«) class feed feed cum feed frac feed

frac !lJ 96 % smooth cum %
smooth

- 75 1 10.6 10.6 12.2 12.2
;- 75 2 2.8 13.4 3.0 15.2
~ 106
-l- 106 3 4.2 17.6 4.4 19.6
- 150
+ 150 4 6.4

-~
6.5 26.1

- 212
+ 212 5 8.6 32.6 8.5 34.6- 300
+ 300 6 14.7 47.3 14.1 48.7
- 425
+ 425 7 8.6 56.0 8.5 57.3
- 500
+ 500 8 10.9 66.9 10.6 67.8
~ 600
+ 600 9 21.2 88.1 20.3 88.1
- 850
+ 850 10 8.5 96.6 8.1 96 .3- 1180 .~-
-l- 1180 11 3.4 100.0 3.7 100.0
total 100.0 100.0 ..
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RUh 5
% Particle Size Distribution (Data as is and smoothed)

.eeee

size size cyclone cyclone cyclone cyclone
(urn) class o/f o/f cum % o/f frac o/f

frac % % smooth cum ~i;)

smooth-
- 75 1 40.7 40.7 39.1 39.1
+ 75 2 7.4 (8.1 I 7.4 46.5- 106
+ 106 3 9.5 57.7 9.3 55.S
- 150 -
+ 150 4 12.0 69.7 11. 7 67.5- 212
+ 212 5 J.l.O 80.6 10.7 78.3- 300 ,,-
+ 300 6 10.1 90.7 10.2 88.4- 425
+ 425 7 3.3 94.0 3 6 92.1- 500
+ 500 8 2.7 96.7 3.2 95.3- 600
+ 600 9 2.4 99.1 3.2 98.5- 850
+ 850 10 0,6 99.7 1.1 99.6- 1180
+ 1180 11 0.3 100.0 0.4 100.0
total 100.0 100.0
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Table 1 Detailed Results of Experiment A
-- -

test uf/f fine double double ~.s sao ~'u uf
l: .D. ratio bed layer layer after :raten.

depth, depth, final mixing w.:r.t.
nun mm ~6 H2O and feed

vibra- ul.tra.
tion fine

masS
--

A 1.1 0.20 33.00 34,00 19.59 11.73 100.00- - - .~•.~
A 1.2 0.20 35.00 35.00 21.58 14.65 100.00

--

A 2.1 0.22 39.00 35.00 19.58 18.37 100.00
A 2.2 0.22 35.00 34.00 20.11 '.5.18 100.00

~ .--

A 3.1 0.25 35.00 32.00 23.56 16.80 80.82-
A 3.2 0.25 30.00 31.00 24.80 20.87 85.12
A 3.3 0.25 35.00 33.00 24.28 14.39 aa.33-
A 3.4 0.25 35.00 32.80 23.51 19.31 95.21
A 4.1 0.29 36.00 40.00 28.95 17.50 78.45
A 4.2 0.29 34.50 3!L70 25.45 23.90 77.86
A 4.2 0.29 34.50 arlo70 24.81 28.58 87.60-A 4.4 0.29 34.00 38.00 24.97 22.60 04.06

.- i

A 4.5 0.29 34.00 38.50 23.32 22.70 80.99
---- --

A 4.6 0.29 35.00 39.00 27.82 22.70 81.40-A 4.7 0.29 35.00 38.50 2!L85 23.60 81.49
A 4.0 0.29 30.00 34.80 25.65 22.40 02.82
A 1.9 0.29 31.50 35.00 24.75 23.10 a2.99
A 4.10 0.29 34.50 38.70 26.06 22.50 8:1..05

-.
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APPENDIX E Detailed Data For The
Laboratory Scale Test Work
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Run G

General Running Conditions ( Data as is and smoothed
____ ,c. -

I~ye thk sen sen u/f feed to eye thk
u/t prod dis eye olE

solid 1.951 0.600 1.330 0.470 N.A. 0.4"/(J N.A.
t;/hr

tlo1:l.d 2.037 0.390 1. %2 0.466 '2..477 0.440 0.049
tint'
smooth

-.

slurry '1. osn 1.4'10 1. "1'10 2.190 N.A. B.:530 N.A.
1:;/111,'

91urry 3.9!JO O.!J35 2.63'1 :.1.290 1:1..125 '1.141 G , l_"14
t/hr
smooth
!:J H2O 52.32 aa.se .;is. DB 78.54 75.68 9~l. 54 N.A.
i~) H2O 48.94 sa. 30 25.58 79.65 77.74 9:1 .84 99 • :n,u

9tl1ooth
9~ golid 47.613 41.14 74.$12 21.46 24.32 s ,46 N.A.
~ solid 51. 06 41.70 74.42 20.35 22.213 6.16 0:19
[jtl\tlotll ".J=

N.B. ~if H2O '" sul'£aee moisture

~--==
£lolid !lolid H2O I:lcm H2O !:len solid solid H2O mw eyeoen scm inlet outlet: eya eye eye outlet
inlet: outlet: t/hr I.:/hr inlet: outlet: inlet 1:/111'
t/hr 1:;/l1r t/hl" c/hr 1:/111:'

:OL427 2.428 2. ·198 ;L4~9 ;:L41'7 :':1.477 1),64£1 8.(J48
=:= ----

........._
golid l::loHd H2O t:hk H2O thk solid solid H2O H2O
chk thk inlet outlet :awn);! 'lUlllP sump sump
inlet outlet 1;:/111,' l.:/h1: inlet outlet inlet olltlet
\:/111,- t;/I11: t;/hr 1:./111' l:/h1;' 1:/111'

0.440 0.·139 6.'100 G • 6"10 2.4"1'7 2.4'1'"' e.G23 l:l.ti4!l
.-;,.;...-..
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Detailed Solid Mass Balance for Each Size Class
Run 6

size
(1..1m)

sump % size sump
inlet distri. cutlet
solid sump selid
flow rate outlet flow rat8
t/hr t/hr .I'_--~+=--"""/""~--·--'I"':;;':''';;';;;;;;''__---'+---~'''''''''-+;;:':'';;;;;;;_--~-II

0.225

size s:r size
class distr:i..

sump
inlet

+ 75
~ lOG

1F-~~7~5__~~~ ~~_. __ =-.~O~.~22~5~·_
2 2,5 2.5 0.0619
'--=---F--"~'-=--~-F-----~--~--~-=---F~---=~~I

+ 106 3 3.9
~ 150Ii'-...........·...;;.,--I-~-........._'~~------+-----I-------+-------"'II
+ 150 4 ~.1
~ 2J.2II----..'-"'I,,-~---r_,~--,__+--- .....
+ 21~ 5 8.4
~ 300-- !'-'._--' r-------l-----~~_+----__ll__---~--II
+ 300 6 14,.6
~ 425

'{ 9.1

9.1
0.0618

0.0957 3.9 0.0957

O. :1051 6.1 0.151

9.4 0.209

14.6 0.361

9.1 0.225

11.6 0.287

22.3 0.552

B.9 0.221

0.209

0.361

0.226+ 425
~ 50011---";;""'--1'_11_01- -,------1---
+ 500 8 11.6
~ 60~ +- ~--------~--------~--------~1
+ 600 9 22.3
~ 850II..-_...,;...,;;,.--f, ....,·l-~....,--f-------i--- ....---t----·--+-----II
+ 850
~ 1180
'r 1180

0.288

0.552

o . 2:ttL
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Run 6
Detailed Solid Mass Balance for Bach Size Class

-- - - ~"..,.

size size * size thickener ~J size thicl~ener
(um) class distri. inlet distz'i, outletthic)eener solid thicl~ener solidinlet flow rate outlet flow ratet/hr - t/hr
- 75 1 36.9 0.162 36 .9 0.162
... 75 2 8.3 0.0365 8.3 0.0364
= 106 -
+ 106 :3 11.J 0.0493 11.0 0.0482- 150
... 150 4 13.7 0.0601 13.6 0.0599
- 212 --
+ 212 5 11.8 0.0519 11.9 0.0519

'I - 300I! -.
+ 300 6 9.6 0.0420 9.6 0.0420
~ 425
+ 425 7 3.0 0.0133 3.0 0.0133
- 500 -------"...
+ SOO 8 2.5 O.0110 2.5 0.0110- 600
+ GOO 9 2.2 0.00982 2.2 0.00980

..:......§.!O - .
+ 850 10 0.7 0.00293 O. 0.002512- 1180 _..,._.,

+ 1190 11 0.3 0.00153 O~ 0.0015~. '- - '="""""""
,._ -
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Run 6
Detailed Solid Mass Ealance for Each Size Class

.-- - . .. - ~= " •..

size size % size cyclone % size cyclone
(um) class distri. inllat distri. outlet

cyc.l one solid cyclone solidinlet flow rate outlet flow rate
t/hr t/1:1r

~ 75 :1. 9.1 0.225 9.1 0.225
+ 75 2 2.5 0.0619 2.5 0.0619
- 106
+ 106 I 3 3.9 0.0957 3.9 ~'.O957
~ 150

+ 150 4 6.1 0.151 6.1 0.151
- 212
+ 212 5 8.4 0.209 8.4 0.209- 300
+ 300 6 14.6 0.361 14.6 0.361- 425
+ 425 7 9.1 0.225 9.1 0.225
- 500
". 500 8 11.6 0.287 11.6 0.287
~ 600
+ 600 9 22.3 0.552 22.3 0.552
~ 850- -
+ 850 10 8.9 0.221 8.9 0.221- 1180 -
+ .11:.80 11 3.5 o .0871 j...JL_ O.OJ3~.;-. '"
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Run 6
Detailed Solid Mass Balance for Eaoh Size Class

-"-- -,

size size % size screen ~d size screen(um) class distri. inlet dietri. outletscreen solid screen solidinlet flow rate outlet flow rate
~- t/hr t/hr--

~ 75 1 8.:3 0.203 8.3 0,,203
+ 75 2 2.4 0.0573 2.4 0.0573
~ 106
"*' 106 :3 3.6 0.0877 3.6 0.0878
~ 150
+ 150 4 5.8 0.142 5.8 0.142
= 212
+ 212 5 8.4 0.205 8.4 0.205
= 300 ._
+ 300 6 14.9 0.361 14.9 0.361- 425 -
+ 425 7 9.3 0.225 9.3 0.225- 500
0\- 500 S 11.8 0.287 1:1..9 0.287
= GOO ._
+ 600 9 22.7 0.552 22.7 0.552
= 950
+ 850 10 9.1 0.221 9.1 0.221
= 1180

+ 1180 11 3.6 0.0870 3.6 0.0870- - -- - - -
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Run 6
~.r Total Retention ( data as is and smoothed )

--
size size total ~ total ~ total ~ total 9u
(urn) class retention retention retention retentionfrac. cum % frao cumsmooth smooth
~ 75 1 28.7 28.7 22.6 22.6~
+ 75 :2 48.4 32.9 45.1 27.5
~ 106
+ 106 3 58.5 39.2 57.1 35.0
- 150 -- - --

+ 150 4 65.5 46.6 65.2 43.7
~ 212 ~~ --

+ 212 5 73 .3 54.1 73 .6 52.S
~ 300 -- ---
+ 300 6 80.9 62.9 81.4 G:2.4
- 425 --
+ 425 7 88.1 67.1 88.3 67.0- 500 -
'" 500 8 92.8 71.6 92.8 71.7
~ 600 .
+ 600 9 97.4 78.0 97.1 7B.3- 850 ~

'" 850 10 99.3 79.9 98.5 80.2
..,. 1180
+ 1180 11 98.9 80.6 97.4 80.~.,__=- ._ - -=-- _.
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Run 6
% Particle Size Distribution (Data as is and smoothed)

-
size size thickener thickener thickener thickener
(um) class o/f off cum !~ off fraa offfrac 9i{ Pi) smooth cum %

smooth
~ 75 1. N.A. N.A. 45,6 45.6
+ 75 .2 N.A . N.A. 9.3 54.9- 106
+ 106 3 N.A. N.A. 16.1 71.0- 1&0
+ 150 4 N.A. N.A. 19.2 90.2- 212
+ 212 5 N.A. N.A. B.S 99.0
~ 300
+ 300 6 N.A. N.A. 0.1 99.1- 425
+ 425 7 N.A. N.A. 0.1 99.3- 500
+ sao 8 N.A. N.A. 0.1 99.4- 600 -
-l- 600 9 N.A. N.A. 0.2 99.6- 950
+ 850 10 N.A. N.A. 0..2 99.8- 1180 - -
+ 1180 11 N.A. N.A. 0.2 100.0
total 100.0 ,_""""- - - p.

134



Run 6
%' particle Size Distribution (Data as is and smoothed)

size size feed to feed to feed to feed to
(um) class cyclone cyclone cyclone cyclone

frac ~ti' cum r~ frac % cum 9ii'

smooth smooth
- 75 1 6.7 6.7 9.1 9.1
+ 75 :2 1.7 8.4 2.5 11.6
- 106
;- 106 3 2.8 11.2 3.9 15.5- 150
+ 150 4 4.7 16.0 6.1 21.6- 212
+ 212 .5 7.4 23.3 8.4 30.0- 300 -
+ 300 6 14.3 37.6 14.6 44.6- 425
+ 425 7 9.5 47.1 9.1 53.7- 500
+ 500 tl 12.6 59.7 11.6 65.3- 600
;. 600 9 25.6 8:;.3 22.3 87.6- 850 .
+ 850 10 10.4 95.7 8.9 96 .5- 1180 --
+ 1:1.80 11 4.3 100.0 3.5 100.0
total 100.0 100.0

0·""."==-
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Run 6
96 Particle Size lJistributiol1 (Data as is and smoothed)

-
size size cyc lone cyclone cyr:lone cyclone
(um) class olf olf cum Si6 olf frac olf cum %

frac ~o gO' smooth smooth
~ 75 1 38.5 38.5 36.9 3G.9
+ 75 2 8.5 47.0 8.3 45.2 i

,,'~ 106
+ lOG 3 11.4 58.4 11. 0 56.2- 150
+ 150 4 14.2 72.6 13.7 69.9
~ 212
+ 212 5 12.1 84.7 11. 8 81.7
~ 300 ...._._..._._ -
+ 300 (5 9.0 93.7 9.6 91. 2- 425

+ 425 7 2.3 96.0 3.0 94.2
~ 500
~.500 B 1.8 97.8 2.5 9G.3
~ 600 -
+ 600 9 1.3 99.1 2.2 99.0
i." 850 -
+ 850 10 0.5 99.6 0.7 99.7

~~SO -
+ 1180 11 0.3 100.0 Q.3 100.0-__,._. --

_~otal 100.0 100.0- , -=t_ ._- . -
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Run 6
, Particle Size Distribution (Data as is and smoothed)

-
size size thickener thickener thickener thickener
(urn) class prod prod cum prod frac prod

frac % * % smr-, h cum ~
- smooth

,-",,~ ...

- 75 1 35.6 35.6 35. t, 35.8-
+ 75 2 8.0 43.6 8.2 44.0- 106
+ 106 3 10.1 53.S 10.3 54.3- 150
+ 150 4 12.7 <56.5 12.9 E7.3- 212 --
+ 212 5 12.1 78.6 12.2 79.5- 300 - --_. --~
+ 300 6 11.3 89.9 10.7 90.2- 425 -
+ 425 7 3.8 93.6 3.4 93.6
- 500
+ sao 8 3.1 96.7 2.8 96 .4
- 600
+ 600 9 2.9 99.7 2.5 98.9- 850
+ 850 10 0.3 100 0 0.7 99.6
- 1180,....

+ H80 11 0.0 100.0 0.4 100.0
total 100.0 100.0

-"" -
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:1. por0f3ity and Pacldng of l?articl:;)s

1,1 Equal~Sized Spheres

Extensive research on che systematic ,acldng of spher('.ls
was made by Graton and Fraser dl. 'l"n€Jse authors showed
that thex'e are six ways in which spherf.3s of equal she
may be systematicaHy packed, which were termed Cases 1
to 6.
Table 1 below shows the properties CJf these packed
systems.

Table 1

Distances
betweel1
Centres
of Layel:s

Density
of UZ1it.
Cell

Case
No.

No. of Description
Spheresin
Cont.act

1 6 cubic
I---'--+-
2 8 orthorllOmbic----+-------~------------~----------r_--~----3 12 rhombohedral 1.414
I-----+-----I--------+----..-I-,_,...~- .......,"'"
4 8 orthorhombic 2.000~-----+------~------------~5 10 tut.ragonal 1.732

2.000 0.5236

0.7405
0.6046
O.6!H31

6 12 rhombohedral 0.74051.633
AS tIle number of spheres is inCretMied, the density of the
system will increase, except for Case 1 packing whose
density remains constant.

This implies that the highe:t the numbex of spheres I the
lower the porosity of the system, i.e. the 'void' volume
:Lea reduced.

1.2 Nonsuniform Sized Particles

In lSl4G I H. Heywood extended the study to pacldn.g of
non-undzozm sized sph.eres. His studies concluded that the
density of a packed system inc:ll:eases with increasili.g
contaet points between particles. In a system composed of
equal sized spheres I the number of l":loint.t!J of contact can
not exceed 12, but' by introducing sl\\c1.11erEJphe:r:el!Jinto
the void spaMkl bet\'>'een the layer sph(::lres, and still
smaLler spheres into the rramaining vod.ds , the number of
POilltS of contact and hence the densit.y 01: the system may
b® irH::reased.
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APPENDIX G Review Of Theories Conoerning
The Easio Conoepts Involved In
The ~roposed Technique
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Table 3 Two~Srumple Analysis of Moisture Levels of
Primary and Secondary Dewatering Products of
Tests Performed by the New Technique

Srunple1 moisture level of primary dewa.t.e:dnj
product of tests perfol:'ll\edby the new
technique

Sample 2 moisture level of seconda:cy dewatering
product of tests perfo:r.lltedby the fWW

technique
Sample statistics

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

9 01"1' J.0 1 DIll!lple :2 pool.ed- - .- . _. -,,-

No. of 11 11 22
obsorvations -uvol;'agc 24.8091 24.6909 24.75
va:t'ianee 0,562909 0.541211 0.427909-otandul:'d 0.750273 0.541211 0.654148
dev:l.at:l.cm. _ - --~medial), 24.8 24.0 24.8

-
_

Conf. Interval for Diff. in Me~ns I 95 %

lilqualVaX's : Sample l/Sample 2 ~ ~o.463796/0.'700:1.59,
20 0.1".
Unequal Vera :Sample l/Sample 2 ~ -0.467533/0.703897.
16.2 D.1".

Conf. Interval for ratio of Variance I 0 %
Sample 1 / Saulple2
Hypothesis ~est for HO I Diff. ~ 0
computed t Stats. ~ 0.4235913 va Alb: NE
Sig. ~evel = 0.676308 a.tAlpha ~ 0.05
So DO NOT REJECT HO
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Ta.ble 2 Cor:relatic:lI1Analysis Result Between 90j product
Moisture and % .. 150 wn Material Content of
the px'oduat ( New Teohnique )

-- ~
~~moisture ~J .. 150 tun

dontent material
9& moisture 1.0000 ~ 0.4923
dontent 11 11

0.0000 0.1.23.9
-

1"6 ~ 150 run ~0.4923 1.0000
ma.terial 11 11

0.12:.l9 0.0000-- -

l::n each oell :
1st No. == doefficient
2nd No. = sample size
3:rdNo •• signifioant le~el
Comments ;
TIle oot':relationooeffioient has a low absolur.e value
(well below 0.99). The Significant level is high
( > 0.05 ). This is a weak oorrelation with low
significance.
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'L'able1 TWQ~Satl1ple Analysis of Mo:l.sture Levels of
Primary Dewatering Products of Tests Performed
by the New and Conventional Techniques

Sample 1 moisture level of primary dewatering
product of tests performed by the
conventional technique

Sample 2 moisture level of primary dewatering
produdt of tests performed by the new
tedlll'.l.ique

Sample statistios
- ----

sample l. sample 2 pool.ed
I-~ .
N'.Q. of 5 l.l lG
obse:r:vations

-

average 25.5 24.13091 25.025
varianco 2.015 0.562909 0.977792
Dtanda.rd 1.41951 O. '/50273 0.988934
doviation -
U\Od:l.a.l'l 2S.S 24.0 ,'H.9S

.-1,,<1 ---
Conf. Interval for Diff. in Means I 95 %

l1lqual Vars I Sample :t/Sample:2 ltl ~O.453274/1.a3509,
14 D .1<".
Unequal Vars ISample l/Sample 2 ~ -1.0371/2.41892.
5.0 D.P.

Conf. Interval for ratio of Varianae I 0 %
Sample 1 I Sample 2
Mypothesis Test for HO I Diff. = 0

Computed t Stats. = 1.29544 va Alt I Nl1l
Sig. Level d 0.216121 at Alpha ~ 0.05
So .00 :N'O',L"nl!:J'EC'l' HO

150



APPENDIX F Statistical Tests Of rJ.'he ltesul ts
Obtained From The Pilot plant ~est~
Work
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Table 5 : Detailed Result of Experiment E

initial % H20: 29.82 %
uf/f masS ratio: 0.40

vibration time, ll'Iillute final ~6 H2O
2" 23.58
18 23.415

- - -16 24.46
14 24.G9

--
12 24.16
10 24.00-
8 23.81

...._""'.....,.._,._ -
0 24.02
1----, .
4 23.04
2 25.39--1 21.97-
1 23.31
0.5 22.l.9----
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Table 4 : Detailed Result of Experiment D

initial % H20: 70.0 %
uf/f mass ratio: 0.40

vibl:::a.tiontime, minute firal % H2O
20 25.95
18 26.85
16 3 o . 42

- -
14 2·}.85
12 28.85
10 27.66
a 28.17

~
6 32.00
4 30.69-
2 30.59
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Table 3 Detailed Resul t of Experi:merlt C
~~~

test I.D. u£!£ :mass initial % final 91i ~6 u/£
:t'atio H2O H2O retention

w.r.t.
feed uf
mass

C 1.1 pure f 213.82 27.29 100.00
C 1.2 pure f 29.82 27.56 100.00
C 2.1 0.20 29. 8~~ 26.67 94.96

_._.._.

C 3.1 pure u£ 29.82 23.10 97.35
C 3.2 pure u£ 29.82 22.82 97. '16
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Table 2 Detailed Result of Experi:rctent B

test I.D. uf/f mass ixlitial 96 f:i.na,l 96 ~6 uf
ratio H2O H2O retention

w.r.t.
feed uf
mass

B l.l pure f 29.82 26.'77 75.78-
B l.2 pure f 29.82 26.82 63.67
B 2,1 0.20 29.82 24.92 76.47

-- -

B 2.2 0.20 29.B2 26.26 83.86
:a 3.l 0.40 29.82 22.45 74.26
:a 3.2 0.40 29.82 2l.62 77.07

~' -
B 4.1 0.50 2:1.82 23.37 69.12.--
B 5.1 l.OO ~9.82 20.53 66.43- -
B 5.2 1.00 29.82 21.99 68.24
B 6.1 2.50 29.82 21.80 64.47
B 6.2 2.50 29.82 21.82 65.48
B 7.l 5.00 29.82 22,,38 65.36-
13 7.2 5.00 29.82 22.08 63.71.
B 8.l pure uf 29.82 22.63 60.39 -
B 8.2 pure U:l: 29.82 23.74 77.79

'"
B 8 .s pure "If 29.82 24.36 80.53
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Table 1 :Continued

test uf/f fine double double ~6 H2O 96 uf
I.D. ratio bed layer layer after reten.

depth, depth, final 1I1.ixingw.r.t.
mm mm tt" H2O and feed

vibra .. ultra
tioll fine

mass
A 8.1 1.20 19.00 21.00 27.54 lB.72 69.09
A 8.2 1.20 18,00 27.00 24.95 18.41 83.59
A 8.3 1.20 20.00 24.00 24.63 23.26 73 .99

A 8.4 1.20 19.00 28.00 24.82 26.25 88.52
A 8.5 1.20 16.00 30.00 29.87 13.38 98.01- -
A 9.1 1.50 20.00 30.00 22.81 17.70 98.95--
A 10.1 2.00 8.00 18.00 23.89 18.57 88.14
A 10.2 2.00 9.00 25.00 28.02 11.50 72 .72
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Table 1 :Continued

test uf/f fine double double ~o H2O ~6 uf
I.D. ratio bed layer layer after reten.

depth, depth, final mixing w.r.t.
nun nun 96 H2O and feed

V'ibra~ ultra
tion fine

mass
A 5.1 0.50 35.00 36.00 22.45 19.33 80.85
A 5.2 0.50 35.80 39.00 27.76 18.85 80.75
A 5.3 0.50 35.00 40.00 27.53 17.40 66.58
A 5.4 0.50 32.00 37.50 ~t,. 07 19.18 74.56
A 6 ..1 0.67 35.00 43.00 26.00 18,64 66.54
A 6 ..2 0.67 35.00 43.00 25.49 12.55 61.75
A 6.3 0.67 35.00 45.00 24.18 N.A. 74.19
A 6.4 0.67 32.00 37.20 26.19 N.A. 66.81
A 6.5 0.67 35.00 43.00 25.18 18.76 61.59

.,
A 6.6 0.67 30.00 40.00 23.76 10.42 93.21
A 7.1 1.00 17.00 N.A. 27.00 14.40 62.19- --A 7.2 1.00 17.00 20.00 26.16 19.01 74.:1.6--A 7.3 1.00 20.00 30.00 26.85 20.19 71.26--
A 7.4 1.00 21.00 29.70 25.61 19.70 75.61
A 7.5 1.00 18.00 26.00 21.08 13.67 90.11
A 7.6 1.00 35.00 55.0() 23.93 9.7'1 81.07-
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2 The Use of Fine Coal as a Filtration Medium for
Ultra Fine Slurry

An investigation was conducted by Horsfall between
1956 and 1957. However I the filtration medium used thenwas coarser 'smalls' ( 411 to 1 11 ) and the slurry used
was a froth flotation product. Neverthelesst the basic
principal is the same. His laboratory scale test results
suggest that using I smalls' ( 4 II to 1 If ) as filtration
medium for froth flotation fines, under sta.tic
conditions I the retention of the frotfiflotation fines
was between 70.0 %' to 95.O!!>. Ouring the tests, he
observed a definite bed of fines on top of the 'small
coal' bed.
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increase the moisturr;holding potential of the mass, due
to the additional available surface area for moisture
adsorption provided by the 'free' ultra fine particles.
Therefore the ratio of ultra fine content to fine content
is of great importance in achieving the lowest possible
moisture content.

:&'igu:t:e2
Relationship between Moisture Content and Porosity
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1.3 Random Packing of Particles
An ext.ensive research programme was carried out by Furnas
in which the porosity of binary mixtures of particles was
determined. In general, two different sizes of partidles
having separately similar porosity will, when mixed
together, produce a system of lower porosi~y than its
domponent parts. Figure 1 below shows the relationship
between porosity and size com,h)ositionin a two component
system.

Figure 1
RelationShip between voids and size composition, two

com,h)onentsystem of broken solids
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The potential. applicat:i.onof the above theory (1.3) on
coal is clear. Bv mixing ultra fines and fines
tlloroughly, the ne.. mixture should exhibit less void
space available for moisture retention. However, one must
bear in mind that in a coal masS, moisture is not only
held within the 'void space' of the masS, but also on the
surfaceS of the coal particles.
13yincrGasing the ultra fine content within t:lemixture,
a saturation point witl be reached Whereby all available
voids within the coarse coal mass has been occupied. Any
additional Increase in the ultra fine content will.
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