GLOSSARY

1

%0

Fines (fine coal)
Coal in the gize range 500 um to 150 um

Ultra Fines (ultra f£ina coal)
Coal in the gize range 0 um to 150 um

UE/£ Ratio )

mags of ultra fines / wmags of fines (air-dried
basgia)

Double Layex

A two-layerad structure where upper part comnsists
m:inly of f£ines and lower part malinly of ultra
fines.

Prinary Dewatering

Logs of water from the ultra fine slurry during the
double layer formation stage by drainage through the
fine coal cake.

Secondary Dewatexing

After primary dewatering, the double layex wae
thoroughly mixed to produce a new mixture with lower
molgture-holding potential. The mixture was then
sent to the screen for further dewatering.

Fines in Chapter Two

Thip specifically refers to Goodehoop Fordertechnik
geraen product which congisted mainly of - 500 um +
180 um coal.

Fineg Iln Chapter Fouxr

This speciflically xefers to pllot plant cyclone
underflow which consisted mainly of - 500 um + 150
um goal,

Ultra Pines in Chapter Two

This spacifically refers to Goodshoop filter product
which conaisted mainly of - 150 um coal,

Ulixa Fines in Chapter Four

Thie specifilcally refers te a pllet plant thickener
product which congisted mainly of - 150 um coal.
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ABSTRACT

Due to modern mining and beneficlation methods, a lot of
fine and ultra fine coal are being generated. Due to the
large vrelative surface areas of these particles,
dewatering economically becomes a real problem and
subsequently a large portion of this material {especially
the ultra Efines) is sent to the slime dams. This is
wasteful not only in terms of losg of useful energy
regsources, but also in terms of lost revenue. The slime
damg 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 c¢oals by
using/modifying conventional eguipment (dewatering
screen) in order to establish an afficient and economical
method of dewatexring fine and ultra fine coal.

Laboratory scale test work was first performed to
investigate the concepts involved on a small scale. Based
on these findings, a pilot plant was designed to test the
concepts on a much larger gcale. Recommendations on the
feagibility of applying these concepts on an industrial
scala were made based on the results obtained,
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2.1.1

1

: Experiment A

A pre-determined amount of fines (air~dried to get
rid of surface moisture) was washed in & Buchner
furinel to produce a uniform bed. The quantity of
water used was nob meagured. The purpose was to
prepare a smooth and uniform f£fine bed (the cake).

Weak vacuum was applied to the Buchner funnel foxr 10
seconds through a rubber pipe to remove excess water
thus forming a fine coal cake with a wmolsture
content between 20 % and 30 %, Then five incremernts
were drawn across the diameter of the Buchner funnel
for molsture determination using a modified syringe.

The waak vacuum was generatsd from a small vacuum
punp. The setting of the pur remained Eilxed

throughout the period oi the laboratory scale
test worlk. The purpose of the vacuum was to reduce
the molsture level of the mamples to sultable
lavels for the purposes of tests.

The bed depth was then measured. After this the bed
wag reconscructed manually by f£fillling in the volds
with surrouiding waterial and the new bed depth was
wmeagured ana noted,

Using;, a pre~-determined ratio of ultra fines to fines
{on Ary mass basis), the ultra fines slurry (20 %
solid) was poured gently onto the fine bed, Great
canbion wag taken to minimise the disturbing effeot
causad by the pouring actioen onto the fine bhed.

The same weak vacuum was reapplied to the ultra
fines and fines double layer. This time vacuum wag
applied unkil all visible water had disappeared. (If
natural drainage wag allowed to take plage,
depending on the uf/f ratio, the process could take
up to two hours or wmore.)

Five lncrements were again drawn acrosg the diameter
of the Buchner funnel for wmoisture and hed depth
determinations,

After weighing the total net mags of the system {(the
mage of the Buchner funnel with tha filter paper was
meagured before the test) the double bed was
thoroughly mixed wanually for 10 minutes.

12



levels

Experiment D & B
testing for the wminimum wvibration time requlred for

gecondary dewatering to occur with certain fixed starting
moigture levels

2.1 : Buperimental Procedures

Coal used : coals from Goodehouop Colliery, Amcoal
Fines : Fordertechnik screen product
Ultwa fineg ¢ thickener product

The particle size disgtributlong of the Fines and Ultra
fines are tabled below.

As is commenly the case, the actual size analyses of tha
matarial from the colllery do not exactly coufirm with
the definitions of fines and ultra fines. However, Eron
the tables it is obvious that the 'fine' coal used
conglsts mainly of + 150 um material and the 'ultra fine!
¢oal malnly of - 150 um matexial,

TABLE 2-1-3

¥ particle Size Distribgtign of the Goodeshoop Fines
ge

% partic

glza elagses (um)

le glze digtribution

=~ 500+ 150 54,38
= 150 §.78

TABLE 2-1-B

% Partleole Size Disptribution of the Goodehoop Ulbtra
Fines Used

it e ~ e Trr — s - . 17 e

ag {(um)

i it .

gize clags

¥ particle gize distribution

it

$ 212 32.72
« 212 4+ 150 6.95
= 150 60,34
Total 100.0




CHAPTER TWO : LABORATORY - SCALE TEST WORK ~

EXPERIMENTAL METHODS,
DISCUSSION AND CONCLUSIONS

Summary

Laboratory-scale tesgt work was performed to test the
concepts of the new technique wviz.

At

The cake of the fine coal formed on the dewateriug
goreen can be uged ag the filtratlon wedlum for the
ultra fine slurry. The excess modsture will f£ilter
through the medlum leaving some of the ultra fine
particles rvetained within the cake. Theoretically
thig will yield a double=layersd structure with wost
of the ultra fines vemaining on top of the fine cake
and the excess water £rem the ulbra f£ine slurry
draining thoough the doal particulate gystem, Most
of the material should be ratained at thle stage due
te the static nature of the Laboratory scale set-up.
This double layer formation stage is alsgo referred
to as the primary dewatering stage.

Thorough mixing of the double layer will yield a
coal particulate structure with the ultra £fine
particles ocoupying the wvoids wlthin the £ine coal
dgake, This structure has legg available egpace for
water reteartion and cousequently is easler to
dewatex.

Howaver, as the ultra f£ine content increasges, a
gaturation poilnt will be reached in which r.st of
the available volds within the wmass will be occupled
by the ultra f£ina particles. Any further increase in
the ultra fine content after the saturatien point
will only increase the molsturae-holding potentilal of
the mixturs becauge of the inereased avallabls
gurfuce area,

The deawatering stage of the fine and ultra fine
mixture 1s referred to as the secondary dewatering
stage.

The following five seteg of axperiments were performed to
test the above concepis.

Experiment A
to teat concept A, B.

Baperiment B & € 1
to test aoncept B with certain pre-determined molsture
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(A) :+ Instead of bheing sent to the slime dams and
subsecuently discarded, the ultra fines can bhe
beneficiated through froth flotation and then
the new technigue can be applied to reduce the
final moigture level of the product.
Conpequently ultra fines with low ash values
can be reacoversed and blended with other
products for gale.

(B ) s In termg of capital, maintenance and operating
tosts the dewatering screen i a wuch more
attractive alternative option than filter type
egquipment .

{ €) : PFinsg and ultra f£ines are dewatered
ginmultanesously. This iwplies possible saving
in terms of lese equipment required and
gimplified plant operations,

1.8 : Experimental Procedures

Laboratory scale test work was performed to test the
feagibility of the concepts on a small scale (Chapter
Two} . Based on the results of the laboratory scale test
work, & pilot plant was designed, congtructed and
commisgloned to test bthe new technlque on a nmuch largex
geale. (Chapters Three and Four) Recommendations were
based on the experimental result.

1.9 1 Btructure OFf The Nissertation

Th digsercatlon consists of flve chapters. Except for
chapters one and five, the chapters commence with a short
sumiary and findieh with 2 conclusion section.

The headings of the tables and graphs follow the
numbering «f the seccion in which they appsar, e.g. all
tablay =ud graphs of Chapter Two, section oneg (2-1) will
be do'ied Table (Graph) 2-1-X.

Dug to the large amount of data gathered and the
sul seguent analyses performed, the detalled results will
be included in the forms of appendicves with separately
nvaberad pages,



within the wmixture, thers will be a saturation point in
which all the exigting voids within the coarse coal mags
has been occupied, After that, any further iincrease in
the wultra fine content will start Increasing the
moisture-holding potential of the mags again, due to the
additional avallable ¢urface areas for meisture
adgorption providad by tha 'free' ultra fine particles.
Therefore the mags ratio of ultra fine contents is very
important (referred as ratlo of uf/f).

Thorough mixing of ths 'double layer' is required to
engure that the voids within are occugied by the ulira
fines. The ‘'‘mixturs' will then L2 treated in a further
dewatering process to reduce the Ffinal moisture level.

A short review concerning 1.6.1 and 1.6.2 ig contalned in
Appendix &.

1,6.3 : Dewatering tha £ine and ultra £ine coal
gimultaneously

By applying concepts L-6~1 and 1-6-2, dewatexring of the
fine and uwltza fine coals will odour simultaneocusly
rakher than separately as practised conventionally.

1.7 2 Propoged New Techundcque

The cyclone underflow (fines) will go through the
gonventional dewatering route - namely the dewatering
goreen, The bthickener product (the ultra fine slurry)
will be gently introduced onte the cake of fine coals on
the dewatering screen bo form the double layer. This astep
ig performed on the dewatering soreen since natural
drainage would take far too long,

After the flltration stage, the double layer will bs
mixed thoroughly to produce a new mixturs with even lower
molsture~holding potential, The new mixture will then be
reintroduced ko tha dewatering screen for secondary
dewatering. Since the moisture-holding potential of the
new mixtute is expected to be lower than that of either
of ity parent components, tlhe product of the secondary
dewatering should, theoretically, produce an even lowexr
moisture level than of the 'noxmal product' cbtained by
the same dewatering procedure,

The aim of the project ie to achleve the aforementloned
effacts by modifying the usage of the dewatering sareen
rather than wmodlfying the struaturs of the dawatexing
serean which is dynamically balanced. If the concept
proves to be feagible up bo an industrlal scale, then the
new technique offers several abttractive advantages :



1.0 Basgic Concepts Involved Ino Thea Proposed
Techuique

1.6.1 + Thae fina c¢nal cake (product of the normal
dewatering goreen, 22 % to 30 % total
molgture) can be used as a filtration medium
fo{ig%tra fine slurry (thickener product, 35 %
"0 .

The ultra fine slurry will be introdiiced gently onto the
existing cake of fine coal; the excess water will filter
through the £fine eoal cake leaving the ultra fLine
particles on top of the fines. There will be some
penetration of the ultra fines into the main cake
gtructure, However, 1t im expected that a relatively well
defined double-layered structure, with the upper part
congleting mainly of ultra fines and the bottom mainly of
fines, will be obtained.

This concept was applied in the U.XK. in the 19850'~ on
slightly coarser ceals { Horgfall ©).

1.6,2 : By mixing particles of different sizes at
appropriate ratiog, a rew mixbure with lower
moisture-holding potential than that of either
of the two original components will emerge

Thils concept was invegtigated extensgively as early asg
1899 by German scientist Slichter, who produced an
axtremely elegant mathematleal analysis on the Subjacts
this was later further extended by Graton and Frazer “
in 1937 and Heywood '™ in 1946. In 1957, C.C. Harris and
H.6, Smith 9 of Univew-ity of Leede published a paper
relating the concept to the molsture-retention propertles
of the fine coals,

Convincing as the mathematical analyses of packing of
ppheres way be, when applied to practlceal sltuations,
few yield realistlic predictions. The reasen is thakt in
ordet to perform theoretlcal analyses, the authors had to
agsume 'packing conditiona' such @as  the ways
{combinationg) of packing, dimensionas of particles,
shapes of partlicles etc. As a wxesult, the wodels obtainsd
are often 'special cases' rather than dgeneral and in
reality each packing is different.

However, tShe assence of the concept 18 ackually quite
gimple. By having the ultra fine particles £illing in the
volds among the fine particles, there will he lems spaces
available for moisture retention hence the e¢aeler the
dewatering process.

However, with the inerease in thae ultra fine contant

7



58 %; the sulphur content varies from 0.6 % to 2.2 %; the
CV value ranges from 15.0 MJI/kg to 26.8 MT/kg. Of this
material, 2 Mtpa had a CV in excueas of 22.0 MJI/kg, ash
content 6 % to 23 ¥ and a sulphur content of 0.55 % to
0.85 %. Eight wvollieries betwasn them produced 75 % by
magg of the total slurry discard { Horsfall ‘)

Dumping is not only a wagte in texms of a loss of useful
energy resoutces, but also in terms of polential revenue.
The glime dams also require huge amounts of capital for
construction and general upkeep. It is also a potential
environmental problem,

1.5 ¢ Aim Of The Project

Most of the export steam coal is sold at 6300 Keal/kg on
a grosg as received basig., It ig obvious that the
external molsture content ig critical in meetiny this
gquallty requirement. The ¢oal used for all the test work
was from Geedehoop Colllery. Goadeboop steam ogoal
typically has an inherent moisgbture of 2.5 % with a CV of
28.0 MU/kg air-dried. To wmeet the raguirement of 6300
Keal/kyg gross as recelved, the extexnal moisture of the
preduct must not exceed 8.0%. To cotbine fine and ultra
fine coal {( - ©,5 mn coal )to the export product to
attain the optimal yleld, the external moisture and CV of
the combined fines and ultra f£ines must be taken inte
account. The fines from Fordertechnik screen typically
hag 21 % to 28 % wmoisture. Ultra fines f£rowm thickanen
typleally is a slurry with 35 % solid, It is obvious that
conbining these high wmolsture level coals in the export
product will seriously reduce the yield of +0.5 wm coal
in order to meet the quality requirement.

This project looks at usging existing dewatering screens
to economically reduce the moisture content of fines and
ultra fines to a level where they c¢an ke economically
treated further by other dewatering processes i.e.
thézmal or handled sarily for disposal, thexeby creating
new opportunities. Fox this purpose, the immediate target
would ba to reduce the combined moisture contents of
finegs and ultra fines to less than 30 % molsture. This
lower new molgture lavel then opens up new optlons for
eagier and choaper treatment.

Laboratory scale test work wae perfrrmed to test the
basic concepts involved., Based on these findings, a pllot
plant way degigned, congtructed and commlssionad to test
Lhe concepts on a much larger scale.



TABLE 1-3-A

Summary of Available Dewatering Equipment with
Corregponding Operating Ranges and Costs

Lack Of Economical Dewatering Metbods

Slime dams consist malnly of ultra £ine coal and a small
percentage of fine oval, The dumping is malnly due to the
lack of economical dewatering processas for materiale
with large specific esurface area.

A survey of the South African coal indugtry in 1985
indicated that 3.7 Mtpa of bituninous coal was being
discarded in the form of fines and ultra finesg., The ash
conterit of this material ranges from 6 ¥ (very low |} to

LS
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FIGURE 1-3-B

DE-HATERING EQUYRMENT VB, PARTICLY SI2f AND MDYSTUNE
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The feed to the plant xeports to the primarX wet sizing
goreen., The overflow of this primary =sizing stage
normally congists 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 mm + 0.5 mm) is sent to the dense medium
cyclone roult. The underflow of the desliming screen (-
0.5 mm i.e. fines and ultra fines) is separated by a
¢clagsifying cyclone. '

The underflow of the classifying cyclone congists mainly
of fines. This product can be upgraded using spirals. The
gpiral product is normally dewatered on the dewatering
screen to a surface molsture content of about 16 % to 24
%. This product is then further dewatered by using
centrifuges to a final wmoisture level t» below L0 %,
depending on the oparating conditions and equipment used
(Du Preez ‘@),

The overflow of the clasglifying cyclons consists wainly
of ultra fines (~ 0.15 wm). Due to the relatively large
gpecific 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 £raction's woisture content to acceptable
levels the common practice is to concentrate this
material in a thickener., The glurry from the thickener
underflow iz puwmped to slime dams for water mretwieval. In
sonie cases the thickener products are treated in f£ilters
to yield products with moigture levels within the range
of 8 ¥ to 35 % depending on the operating conditiong and
equipment used (Du Preez %),

The smaller the particle mize, the greater the apecific
surface areas open to the actions of the adhesive and
cohesive forces holding the free wmoisture. It ig obvious
then that the smaller the particle smize, the greater the
engrgy required to remove the surface and free moisture,
hexce the greater the costs of dewatering equipment and
operation, The £ollowing Efigure and table clearly
illustrate the point (Du Preez ‘),



Figure 1-3-A

Conventional Path of Fine and Ultra Fine Coal in a §.A.
Coal Preparation Plant
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CHAPTER 1 : INTRODUCTION
1.1 Definition Of Fine And Ultra Fine Coal

The convention used is based on the one made by Horsfall
and Franzidis in 1988 ', fine coal being between 500 um
and 150 um (or between 0.5 wm and 0.15 mm} whereas ultra-
fine coal is less 150 um {or 0.15 mm).

1.2 Origin Of Fine and Ultra Fine Coal

Coal fines and ultra fines arisge whenever coal, which
often iz a wvery brittle material, degradates. Modexn
mining and beneficiation wmethods are prone to generate
evar increasing amounts of f£ines and ultra fines.

The amount of fines and ultra fines present in run of
mine ceoals are complicated functions of parameters such
ag the nature of aoals (e.g. porogity, hardness,
grindability, friability) and processing methods
ennloyed,

In 8.A., it 18 estimated that between 8 % and 12 % of the
feed to the plant are reported as fines. It was further
suggested that of the order of 5C % wmore fines are
produced in the plant than indicated by conventional run-
of-mine sizing analyeils. This is because conventional
labeoratory sguare-mesh sgieves are used in the size
analysls of the raw ¢ovals whereas wedge wire screens are
employed in plant (Horsfall ©)

1.3 : Conventional Processing Route Of Fine and
Ultra Fine Coal and The Assoclated Dewatexring
Cogts

Conventlonally in the coal preparation plant, fine and
ultra fine coals report to the underflow f£rom wet
pereaning operations. The following simplified £low
diagram iJ1llustrates the mogt common processing route
used.



TABLE 2-3-C
Moisture Level of the Final Product for Experiment C

@ flgures reported ap average wilth relative standard
deviation in %

@ Starting moisture level hefore secondary dewatering
ig 29.82 %

Graph 2-3-8 plots the final wolsture level vs wf/f ratio
from Table 2-3-B and 2-3-C.

Graph 2-3-B
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The btrend shown in the above graph ls intaresting. The
product molsture leval of secondary dewatering decresses
as the uf/f ratic invreases. This trend continues until
the ratio of 1.0 (50 ¥ Ffines and 50 % ultra fines)is
veached. At the ratlio of 1.0, the molsture leval was
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_ _ o
uf/f ratio in % f£inal molsture ¢ moisture reduced
fraction level {ahgolute, not

. relativae)
0.0 23.4 g.5
0.2 _ 21,3 +~ 4.9 % _ 8.6 = 22,1 %
e e e sl




mixture then underwent the normal ¢

gecondary !

dewateriny routitie. The results obtained are presented in

the following table.

TABLE 2-3-B

Moigturse Level of the Final Product for

Bxperiment B

_ _ : - _
uf/f ratio in $ final moisture % moisture reduced
fraction lavel {abgolute, not

_ _ | relative)

0-0 26:8 'I"'Oal % 3-0 b= 1,2 %
0-2 X 25,6 tpa 3|7 % 4-2 = 22-4 %
0.4 . 22.0 4« 2.6 % 7.8 =« 7,5 &
0.5 _ 23.4 1 6.5 )

1.0 . {1 el1.3 +- 4.9 % B.6 = 12,1 %
2-5 i X 21.8 o= 0:1 %’ 8-0 el 002 %’
5.0 22.2 4~ 1.0 % 7.74 +- 0.0 %

@ flaures reported as average with welative gtandard

deviations in %

@ Btarcing moisbure lavel before pecondary dewatering

g 29.82 %
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2.3.2 : Product molsture level after secondary dewatering

From Table 2-3-A, it is obvious that the mixing of the
double layer product and subsaequent secondary dewatering
further reduced the teotal moisgture level, The following
graph plots averuge % moipture levelg of double layer and
seg?ndary dewatering product ve uf/f ratio from Table 2-

Graph 2-3-A
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It g evident from the above graplh thabt mixihg prior to
secondary dewatering indeed helps to further redude the
molature level of the mixture as predicted. However it ig
algo demonstrated that with varying starcing modsture
lavalg (double layer moisture levels), it ds difficult to
ghtaln a trend relating the product moigture level of
pecondary dewatering to uf/f ratio,

To Invastigate the relationship between the product
molgture levels from gecondary dewatering and the ug/f
ratlo, expariments B and C were performed {for procedura,
gae 2-1-2). 8inee the focus point is not the double
layer, the double layer formation stage wag omltted, A
mixture of fines and ultra fines with sgpecific uf/f
ratios were mixed with water and the sealed gystem wag
allowed to reach an eguilibrium noigture level of 29.82
%, This was within the normal range of the double layer
moisture lavels obtained under laboratory conditions. The
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conglomerates into ‘'balls' during the secondary
dewatering stage.

2.3 3 The Product Moilgture Levels 0f Double Layesr
And Secondary Dewatering Stages

TABLE 2-3-2

Important Results Concerning the Product Molature fox
Experiment A

u/é ratio % final moluture level | % modpture leval sftox
{in fxmotion) of double layer oecohdaxy dewaterluy
0.2 | 20,8 4~ 5,87 % 13.2 4= 15.7 %

0,22 o 19.9 e 1.9 % 16.8 += 13.5 %

0.25 24.0 4« 17,8 % 17,8 4= 16,0 &

0.28 B AB.6 we 6.2 % 22.4 «= B0 %

0.5 _ 28,2 4~ 2.5 % 18,7 4~ 4.7 %

D67 5.1 4+~ 3.9 % 5.1 +#~ 38.2 %

1.0 254 4- 9.0 K {461 +- 25,9 K
13 26.4 +- 8,7 % 20.0 4~ 24,7 %

1.5 _ 23.4 7.7 _

.0 2380 %= Lid.3 % 18,0 4u 38,3 %

3 TR g e B AR o A S —

R85, avarags valuesn with relative nbandard devimtion in % vaperted
2.3.L : % Molgture level of double layer

In Experiment A, the ultra f£ines slurry (20 % aolild) was
introduced gently onto the fine coal cake (moisture
contente betwasn 29 % to 30 %) to form the double layer.
Excenr molature wasg removed hy the application of vacuum
for 10 smeconds., {(natuxal drainage took far too long,
gaction 2-1~L : experimental procedure Lrr Experiment A).

It is apparent from Table 2-3-A that within the range of
wE/f ratlos tested exsess water can always be drailned
away from cthe double layer leaving the double layer with
a £inal moisture content legs than 30 %. The important
lssue here is the drainage time required to achieve
acceptable final moisture contents under norwal eperating
gonditiong. Natural drailnage takes too long but vibratory
motlon of the dewatering screen ils expadted teo increase
the rdate of drainage considerably.
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Graph 2-2-B : % Total Retention vs Uf/f

after sacandary dewatering { averags )
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Graph 2-2-B and Table 2-2-A show a trend that with
inereasing uf/f ratios the less le the total retention
valua. Thig trend continues until the ratio of around
0.67 18 reached (aguivalent to 40,1 % ultra fineg and
£9.9 % fines) with a corresponding retention value of
70.7 %. After Lhat the retantlon wvalues appear Lo
increase slowly agalh., The highegt ratlo lLested wasg 2.0
gid this wag equivalent to 67.0 ¥ ultra fines and 33.0 %
nesa,

The increase in the specific area with increasiang ultra
fineg content ls probably responsible for this phenomena,
the logic being that ag the specifle area iIncreases
within the partisulakte system the adheslon Eforces
increase resulbing in & lower loss of the minus 150 um
particles.

Ag mengioned earlier, the dynamics between the Laboratory
geale vibratory screens and normal industrial dewatering
screeng are very different. The poorer regfults ohbtained
from bkhe laborabory scale bteste were probably ctused by
the breakage of cakes taking place 'inside' the soreen.
Thig is not expected to occur on industrial dewataring
goreens under normal operating conditilons. In fact pilot
plant regults show no logs at all of the - 150 um
material during the peconda’v dewatering stage. During
thig stage, the free woving mixture actually
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pereen. Consequently the retention £igures obtained would
be expected to differ from each othexr cornsiderably. The
results obtained from pilot plant tests confirmed thip.
Nevertheless, the results obtain from the laboratory
gcala tests were reported in Table 2-2-3 and the
following two graphs.

Tha following two graphs (Graph 2-2-A and Graph 2~2-B)
plot % wretention of the total £feed material after
secondary dewatering stage ve uf/f ratio. (see also Tabla
2-2-3) . CGraph 2-2«A plots the result of every test and
Graphd?—2~B only plots the average figure for every ratio
tegted.

Graph 2-2-A

% Total Retention ve UE/f Ratio after Yecondary
Dawatering, (all tests)
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2.2.1 + The retention of the minus 150 micron fraction
during the double layer formatlon stage

Obgervations made during the experlwments confirmed that
it is feasible to use a Fine coal cake (moisture contents
between 20 ¥ to 30 %, see Table 2-1-~A for particle gize
disbribution) as a filtration medium for the ultra £ines
Slux (20 % so0lid, see Table 2-1-B for partlcle size
diptribution) .

The retention of the ultra fine waterial during the
double layer formation gtage was excellent wilth tha
underflow alurry contalning very little solid material (
malnly - 45 um). The mase loes was usually in the order
of less than 5 ¥ w.r.t. the original ultra fine nass
content. This is not listed in Table 2-2-A,

As natural drainage ilg too time-consumdng, uge isg made of
vacuum to increasze the speed of the filtration. The £inal
moigture of the obtained double layexr was in the order of
25 %, One would expact the retention of the -~ 150 um
fraction to be even higher should natural drainage be
allowed to take plade.

The depths of the initial fine coal bed and the double
layer are presented in Table 2-2-A, It is noticed from
tha table that the increase in the bed depth as the
ragult of the introduction of ultra f£ines is not as high
a8 one expects. Thisg is primarily due to the wmaterial
compaction caused by the applied wvacuum, If natural
dralnage were allowed to take place, the depth of the
double layer would be much higher than the initlal fine
¢oal cake. Howevar, the table shows tha bfrend that the
double layer bed depth did inarease with the introductlon
of ultra fines. The lncrease in bed depth wae increased
as the uf/f ratio iIncreased.

from the obsarvatlions, it la obvious that f£ing coal cake
pefves as a good f£iltration medium for uwltra fine
retention.

2.,2.2 The rotention of the minus 150 micren fraction
after secondary dewatering

The aperturea of the screen usged during secondary
dewatering was 150 um. Since both the fine content and
the ultra fine content contaln ~ 150 um particles (Table
2=1-A and 2-1-B}, it is dlfficult to determine from
aexactly which constituenc the - 150 um is lost during
secondary dewatering. Therefore the ratention of the
total fead material is used instead.

However, the dynamics of the laboratory screen vary
greatly from that of the industrial scale dewatering
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TABLE 2-2-A

Retention of the Feed in Experiment A

_ - N _
ui/f£ ratio | Bed depth of Bed depth of % Total _
in fraction | the £ine cake¢ | the double retention of

bed in mm layer in mm the feed after

gecondary
— devatering

0,2 _ 34.0 +« 4.2 % | 34.5 4- 2.0 % 100.0 +- 0 &
0,22 34,9 w- 1,3 % | 34,9 +- 0.4 % 100.0 +- 0 %
0,35 |33.8 +- 7.4 & [32.,2 «~ 2,8 % 88.1 4+~ 6.0
0.29 33!9 e = 5!3 % 38:1 = 4.7 % 8217 i 4!3 %
0.80 34.5 +- 4,9 % 38,1 4~ 4.6 % 75.7 +- 8,9 %
1.00 2Ll.3 4« 32.3 32,3 4= 41,7 K 1 75,7 4+« L2.4
1.20 18.4 +- 8,2 26.0 +- 13.6 9.4 4« 5.7 %
1.5 20.0 _ 30.0 93.6
2.0 8.5 «+~ 8.3 2L.B +- 23.0 % {73.7 +- 30.0 %
T o M T e e e P e v T e T e R

N.B. average values with relative standard deviation in

Note

L

2

% are reported

For uf/€ ratio of 1.5, the standard deviatlon 1s not
available.

For wg/f ratio of 1.0, the standard deviation ie
high, tesgts for thisg particular ratio were not
rgpeated dus bto time constraint. However, apecial
raseﬁved approach wag applied when gtudying the
regulis,
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pure ultra fines
2.1.3 Experiments D & B

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 gets
of experiments.

2 : In Experiment D a pre-determined amount of water was
added to the mixture and the sealed pystem was
allowed to reach equilibrium. The same procedurs wag
applied to experiment =.

3 ; The mixture was then Introduced onto a 150 um
Labotec screen and vibrated for a given perdod of
time in a gentle c¢ircular motion,

4 : The product and underflow were collected £ox
moisbure and losa determinations (underflow).

5 : Procedures 1-4 were repeated for different periods
of time,

2.2 : Ultra Fine Retention Propevties OF The Feed
Material Of (I) Double Layer Formation Stage
{Primary Dewaiering Stage) And {(II) Secondary
Dewatering Stage

For eagier reading, a very short description of 2,2.1 and
2.2:2 and ilmportant data are listed below befors the
commencement of the actual gections.

Section 2.2.1 deals with the doubles layer Fformatilon
atage

Tests waere performed to establish the feasibility of
using a fine doal cake zs a filtration medium for the
ultra fine slurries. With the gentle introduction of
ultra fine sglurries, most of the ultra £ines were
expected te remain on top of the fine cake. Small amounts
of ultra fines would be filtered through into the fine
coal cake. The excess water from the ultra fine slurry
should be drained from the coal particulate structure. At
thlis stage, the retention of material is expected to be
high due to the static nature of the experimental
gondicions,

Section 2.2.2 deals with the ultra filne retention after
the gecondary dewatering stage

The following table lists the lwmportant zesults obtained
Erom experiment A concerning the above two points,
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9:

Procedures 1 - 8 were repeated for the following
ultra fine to fines ratlo { dry mass basis )

0.2

0.22
0.25
0.29
0.5

.87
1.00
1.20
1.49
2,00

1 Experiments B & C

Pre-~determined amounts of alr-dried fines and ulbra
fines were mixed thoroughly to produce a homogeneous
mixture,

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,

This mixture wag then introduced onto a 150 um
Labotec scgreen and wvibrated for 20 wminutes in a
gentle circular motion.

The product and the underflow of the scxeen were
dollected to determine the wmoisture level and
material retention.

Procedures 1-4 were wepsated fox the following ultra
fine to fine ratios,

Bxperiment B :

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

Experiment C

0.0 {(pure fines)
2.00
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The mixture was then dintroduced onto a 150 um
Labotec soreen and vibrated for 20 minutes in a
gentle ¢lreular motion (gee Following diagram.

The entire screened product was taken out for
moisture determination.

mcmisuinny
supportive

structure allached
to motor

\

\\fzircu!ar mation j/

Figure 2-1-B : Vibrating Screen
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Introducing ultra fine slurry gently anto the fine coal cake

ultra fine slurry |

fine coal cake

Flgure 2-1-A : Buchner Funnel Set-Up of Experiment A

13



Flowasheet descaription

This is a ¢loged-circult operatisn with re-circulating
BEreame.

Matarial from the sump (unit 4) is mixed thoroughly by
the stirrer and the turbulence caused by the five
returning gravity-fed streamg to the sump. The returning
streams are : pereen discharge (No, 3), screen underflow
(No. 4), outlet streams of £low rate -sebter No. 12 and 13
and thickener overflow {(No. 9) which waghes the soreen
discharge down the pipeline. The sump has u~ly one outlet
stream (No. 5) which lg pump-fed to Ethe lassifying
cyelone {unit 2).

The two outlet streams of the coyclone ara ayelons
underflow (No. 6) and cyclone overflow (No.7}. Cyclone
underflow i gravity fed to the flow rate setter (unilt &)
and split into two gtreamg - No. i and No, 12, Neo.l was
the one with the set flow rate and was tharefore gravity-
fed to the dewabtering gcreen. No.l2 was gravity-fad -
the gereen digoharge collecting pan and was washed dc .
to the sump wikh thickener ovexflow (No.9),

Cyclone overflow (No. 7) wap f£2d to the thilckener by
gravity. During the run flocoulant (No. 11) wag dosed to
the thickener at a congtant rate (see Appendix C for
details of $£locculant dosage calibration). There was
always wore than 1 ton of matexial present in the
thigkener during the run toe maintain a steady state
condition in case of temporaxy shortage of flocgoulant.
Thickenar product (No. 8) was pumped up to the flow rate
getter which split the gtreams into two straams No.2 and
No. 13, No.2 wag the one with the desired flow rate and
wag the fead (by gravity)! to the thickener product
teeding pan, unlt 7, which hung above the secreen. The
ulbra fine slurry wasg gravity-fed to the fine cake
aounter-cutrently at +- 20 ¢m near Lhe soreen dipcharge
end, No., 13 went threugh the same roukes as No.l2.

The screen digcharge {No.3) was collected in the sareen
diacharge collecting pan. This stream was joined by Ne.
12 and No.13; all were washed down by thickener ovarflow.
The goreen undarflow { No. 4 ) also returned to the sump
by gravity.

The above flow-gheet degeribes tlie set-up used during the
priwary dewatering, Since there was only one dewatering
seraen avallabie, mixing and pgecondary dewatering
procedures were performed sgeparately and batch-wise after
tha completion of the primary dewatering stage (see alsgo
3-2-2 : Tent procedures).
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Table : 3-1-C

Sampling Peints and Flow Rate Meagurement Points of

B T

Pilot Plant

Sampling Sampling and Flow | Sampling Device
Stream Rate Measuramant

_ Point o .
No. 3 goresn soreen discharyge specially-made container
discharge and with width slightly wider

ehan that of the goreen
digaharge end

No. 4 sureen

35

valve underneath buaket

underflow the collecting
__— pan _

No. &L gyclone | from £lxi. pipe bucket
underflow after the flow

rate getusr _
Na, 2 £lxd, pipe after | buckat
thickensr the f£low rate
produat gatter _
No. 7 cyclens | by-pass pipe with | bucket
ovexrflow valve _
No., § feed to | swmp hucket
|.Syelone

£ ke S g e




Table 3-1-B : Pilot Plant Flow Streawm Numbers

34

. . _
Stream No. gtream Name Deseription

1 cyclone underflow |45 % to 55 % solid

_ ( fineg ) glurry ¢ +- 3.8 t/hr
2 thickener product {30 % to 35 % golid
( wlera fines ) 3
3 sergen discharge = 25 & H20 : +- 1.8 t/hy
calke

4 goreen underflow +- B0 % H20

5 feed to cyclone += 10 % Lo 15 % solid

8 avelong underflow -

7 eyalong overflow = 95 % H20

8 thickener product -

8 thickener overflow | -

L0 thickerar product - o

11 flocculant by special pump

N addition _
L2 eyelone underflow -

i3 . thickengr product - _
e s e e e e S R D




Table 3-1-A : Pllot Plant Unit Numbers

Undt No., | Unit Name Degecription

1 Fordertechnik 7 304.8mm * 304.8mm panels
dewatering goreen | first three : 500um

_ _ _ obther four : 300unm

2 clagsliying PEO between 150 um & 212um at
cyalone 45 % Lo 55 % solid 1lu u/f

3 thickener under flow between 30 % to 35

% solid

4 sump “
gala feed tank - _

6 migchanical fead gat feed rate of fineg and

_ rake detter nltza fines _
7 ultra fine slurry | provide gentle feed of ultra
_ feedor fines acrogg the sereen width
8 pump _ =
9 sala pump -
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3.1

s Pilot Plant Set-up And Flow Sheat Degcription
Figure 3-1-A "
<4f >
> [ ]
< 7_ _— . Flocculant
. <9»
) to gen dlechargs
calclug pan
unit 2
\\ it 3

<8>
<10 >

<2n

<435 1ipunit 4

<425 tip unit

unit 7

1>
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CHAPTER 3 : PILOT PLANT TEST WORK
Summaxy

Following the encouraging results obtained during the
laboratory mdale test work, a pilot plant waz desicmed,
congtructed and commissioned to test the concepts on a
larger geale.

The pilot plant was set up to determine the following
tunctions :

- test the feasibility of using the fine cake (cyolone
underfliow) as a £iltration medium for uletra fine
slurry (thickener product)

- perform tests during a continuous privary dewatering
process

- perform mixing and secondayy dewatering stages
batchwisge

This chapter detalls the gebting up of the pilot plant
and the experimental procedures followed.

The three main sections of this chapter are listed as
follows:

3.1 Pilet Plant Set-up and Flow Sheet Description

3.2 Bxperimental Methods and Test Procedures

3,3 1 Sampling Scheme and Flow Rate Msasurement
Schame

For the methods of sample preparativn, analyses of
moipture, particle size distributlon, ash content, data
gmoothing and data analysen, please refer £o the
following : Appendix A, B and €. For detalled data flor
gach test plears refer to Appendix D.
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The normal residence time of makerial on the dewatering
gereen 1s usually less than 2 minutes. BExperiment D and
B were performed to investigate the minimal time required
te achieve acesptable results during secondary dewatering
(gection 2-4), The results obtained show that with an
initial moleture of 29.82 %, half-a-minute was all that
was required to reduce the moisture content lavels to
gimilar levels achieved with a labomratory viboatory
gereen {around 22.0 %) . After that, no further reduction
of product molsture level was observed.
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pilot plant conditions the wvibratery action of the
dawatering screen should further aid the drainage rate.
However, the additional rate ¢f the ultra fine will be
linmited by the regidence time {(hence filtration time)
avallable of material on the dewatering screen.

2.5.2 1 The bhenefitse from wmixing and saecondary
dewatering

Obgervations and results obtained indicate that mixing
and secondary dewabering does reduce the molsgture content
even further (gection 2-3-2, Bxperiment A, B and C}. The
reduction meisture levels achieved was between 3.5 % to
15 % (abdolute) depending on the testing conditions.

Experiment B and C were performed to investigate the
relationship between secondary dewatering product
moisture content and uf/f ratdo. The resulty obtained
indicate an interesting trend. The moisture level fox all
tests prior to secondary dewatering was fixed at 29.8 %
which falls within the typlcal wmeisture range of the
double layer obtained under normal experimental
conditions, Initially the moisture level of the secondary
dewatering product decreases with increasing uf/f ratio
unkil a ratio of 1.0 (50 % ultra fines and 50 % fines} ig
reached, After that, the auisture content increasaes
glightly with increasing uf/f ratio.

Under the conditions of Exp. B and C, indications are
that when a »atlo of 1.0 1s achieved, the saturation
polnt hae been reached. Before the saturation point was
reached, the ultra fine partlioles continued to £ill the
voids within the mixture thus reducing the moisture
retention ability of the mixturs, Conseguently the
groduct molature content decreased as the uf/f ratlo
ncreased. After the saturation point was reached, there
were no more available voids for the ultra fine particles
Lo £i11 in. Thus the 'fres' ultra fine particles added
provided extra surface areas for wolsturs adsorption
which resulted in inereasing the wmolsture retention
abllity of the mixture again. As a result, the product
moisture started to incresdse as uf/f ratio increased.

The saturation ratlo of 1.0 wasg deduced from the results
obtained under the sgpecifiec conditions of Bxp., B and C.
This was a apeclal rase and results obtained should be
used for reference only. With the laboxatory conditions
differing greatly f£from those envisaged on an actual pilot
plant, even though the cor~ept remains the same, it
prohibits direct scale-up ou. results obtained during
laboratory work. Thus results will be used for reference
purposzes only,
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studying the above tables and graphs, the following is
darived

{2} ¢+ The final product moisture level of Exp. D is
higher than that of Bxp. E due to ite higher
starting moisture,

(2) In Bxp. D, there sgeemy to be no addlitlonal
moisture reduction after 10 minutes of
vibration,

{3 ) ¢+ For Exp. E, there seemg to he no additional
moigture reduction after 0.5 wminutes of
vibyation.

The 20 minutes soreening time uged during laboratory test
work was excesgive as 0.5 ainutes was sufficlent time to
gchieve f£inal molsture of less than 30 %. Additional
soreening was of little bemefit in further reducing final
neigture. This was attributed to the weak vibrational
forces of the laboratory screen,

2.5 @ Condlusniong

The results obtained were encouraging and subséeguently
worlk commenced on the pilot plant sgcale.

2.5.1 : The feagibility of using a £fine coal cake ag
filtration medium for ultra fine slurxy

Undar the laboratory sdale testing conditions, results
obtained indlcate that the fine cake (molsture level 20
% to 30 %) is & good filtration medium for the ultra fins
slurry (20 % solid).

Under the static conditiones experienced under the Lab.,
geals best work, the retention of the - 150 um fraction
throughout bthe uf/f range tested was high. The material
filtered through was mainly - 45 um and the amount
constituted leésg than 5 & of the original ultxa f£ines
added (section 2+2-1). Most of the excess water fiom the
ultra fine sluryy wag drained out to leave a fine and
ultra f£ine coal double layer with meolsture contentce
between 20% to 30% (section 2-3-1),

The important parameter here is the winimum regquired
drainage time, Tests showad that to achleve a double
layer with moisture levels between 20 % to 30 %, uging
natural dralnage, takes at leaast two lours or more
depending on the uf/f ratics applied. Subsegquently vacuum
was used in the laboratory to speed up the Flltrabion
rate at the expense of losing relatively small guantities
of - 45 um material with the excess watsr removed. Under
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Graph 2-4-A
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TARLE 2

-4-B

Regults of Experiment E

. . _
vibration time { minutes ) product moisture level
20 {23.58
18 23.46
16 24.46
L4 24.69
12 24,16
10 24 .00
8 23,81
& 24,02
4 23.04
2 25,39
1 21.897
0.5 22.19

@ Starting modsture level

29,82 % ( similar teo the

moisture level of the double layer )
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raduced from 29.8 % to 21.2 % which correaponds to a
total reduction of 8.6 % (absolute). After that the
product molsture levels appears to incresse slightly with
uE/f ratio. At the last point where tio fines were added,
the final moilsture contenr wap 21.8 %.

This seems to indicate that under the specific conditionsg
of experiment B and C, the saturation point is achieved
when a ratio of 1 (ultra fine : fine = 50 % : 50 %} is
reached. Thug what is theoretically predicted to odour
geems to ke borne out by the findings from the above
tests.

2.4 The Minimum Y bration Time Required for
Secondary Dewatering

In Bxp. A, B and C the vibration time (gentle cilrcular
motion) of the fine & ultra fine mixture was twernty
minytes, However, the normal regideiice 'ime of material
oft & dewuitering screen is leds than 2 minutes. BExp. D and
E were theréefore 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 ¥ (a sluryy)l and for Exp. B was
29.82 %, The uf/f ratio wag fixed at 0.4 (28.6 % ultra
fine and 71.4 % fines) for both experiments. For the
experimental procedures please refer to section 2-1-3.

The result of experiment D and E are listed in &the
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

— — e

viboabicn blow [ sinutes § ) prodoct modsture Lavel
30 ) . | 285

13 . ) 26,08

16 ) 30.42

Ty _ 37.84

13 30.35

10 ) 47,686

] 20.27

6 ] 32.00

i In.G6P

3 _ ) 30,89 )

gtarting moddture lavel 70.0 %
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4.1 Secondary dewaterinyg stage

No material was lost at all during thiy stage. The
average molsture level of product from primary dewatering
wag around 25 %, i.e. bagivally cake. During secondary
dewatering, conglomeration of coal particles occurred
leading to the formation of mmall round conglomerates at
tge be%inning of the mcreen. No materlal logss was
chserved.

4.2 Product Molsture Levels Of (I) Poimany
Dewatering Stage (Double Layexr Btage) (II)
Sacondary Dewabering Stage

The fellowing table lists all the important results,
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% - 150 um material and judging by the relatively small
uf/f ratio gossible due to the limits ilmposed by the
avallable filltration time, it is sasy to understand why
the % of ~ 150 wum wmaterial does not inorease
glgnificantly despite the relatively high correspeonding
retention value.

With the exlsting set-up for ultra fine addition in tha
pilot plant, the ultra f£ine slurry wag able to travel
from the point of addition for the lengths of three
panela i.e¢. 0.9 m before zepaching the weglion with no
avallable filtratien medium. Thig eet-up provided
gufficient f£iltration zone, consegquently suffieclent
filtration time, f£or up to 0.7 t/hr of thickener product
{ak 30 ¥ solid gives 0.2 t/hy zolid). And 63.0 % of the -
180 um material £rom the thickener product was racovered
under these operating conditions. The corresponding uf/f
ratio in % here was in the region between 10 % to 15 %.

The capacity of the normal industrlal dewatering seoreen
is 50 t/hr with dimensions of 1.2 m * 3.7 wm, The
dimenglon of the pilot plant dewataring screen wag 0.3 m
* 2,1 m hence the area available is only 9.4 ¥ of the
industrial =cale gereen. Por & normal plant feed of 1200
/e coml, asguming 5% £ines, there would only be 144
t/hy fines loaded to the dewatering screen, Allowing for
misplaced materlal, one can assume that 180 t/hr coal is
loaded to the dewatering screen., Six industrial size
dewatering screens would offer 300 t/hr processlng
capacity therefors the extra capacity 120 b/hr can ba
used for the ultra fines addition. 120 t/hr is 10 ¥ of
the plant fead of 1201 b/hr and in reality the ultra fine
vontent it the feed to the plant should be much lower
ghan 10.0 %. Normally the design aimg at 3.0 % ulera £ine
content in the feed to the plant. With the much larger
area of the industrial dewatering screan, the retentlon
of the ultra fines should be much higher than the 63.0 %
obtained in the pilot plant.

Bafed on the figure from Du Preez ', ths dewatering
goreen running cost is .26 R/t {capital + oparating)
with a eapadity of 50 t/hr. The hoxizontal belt £iltewx,
on the other hend, is R 6.39/t for a capacity of 50 t/hr,
The cost 48 24 tilmes greater than Lhe cogt of the
dewatering gereen. By using less than 6 dewatering
gereons, it would be possible to wreduce tha molsture
content of the ulbra f£inem to a reasonable level ab a
lower cost than valng the belt filter., Operation-wise, a
belt fillger 4y also moewre diffilcult to opaerate
affiaiently.
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Graph 4-1-A
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From the graph it ls gleayr that tha higher the ultra fine
addition ratae, the lagp the retentdon of the -~150 um
material f£rom the ultra fine mlurry.

Obgervations made during the following tests showed that
there was sufflclent filbration time for the ultra fine
glurry: RUN 4, B2T2, B2T3, EIT3 and B4AT3. During these
tegts ne unfiltered slurry wag obaerved. The retentlon
values of the - 150 um material LSrom bhe ultza Fine
slurry for these tests were high. The avewagae valua was
62.9 ¥ with a relative ptandard deviabtion of 19.8 % and
the average ultra fine solilid addltion rate being 0.2 £/hx
= 0.05 t/hr. This sorresponds to 0,7 t/hr ultra £ine
glurry with 30 % selid content, Thae highest xatention
value agbieved was 78.9 % (B4T3) with a corrasponding
ultra fine golid addition rate of 0.2 t/hr. Among these
five tests the lowest retention value achieved wag 46.2
$ (B373) with a corresponding ulbtra £ine a~lid additien
rate of also 0.2 t/hr (Table 4-1-3). Other testa with
ultra fine addition rates higher thau 0.2 t/hy yield poor
retantlon values due to insuffledent flltrati~n zonae.

Although the retenbtlon of - 150 um material trom the
thickener product can be as high as nearly 80 %. 1t does
not necessarlly mean that the ¥ ~ 150 um material .« the
soreen digeharge will increase significantly. The pllog
plant thickener product already normally congisty of 60
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Table 4-1-A

Retention Resultas

N.B., tasts E1T1, E3TLl, RB3TL, E4T)1 and Run 7 are
conventional dewatering process

e . e e :
test uf uf gen. {uf/f ret, of - % - 150
In glurey | solid | digech | ratio in [ 150 um um mat,

t/hx t/hr | e/hre | % mat. from | in sen
_ _ fuf in % dimch.

BLT1, 0.0 0.0 1.7 0.0 N.A, 8,5
E1T2 1.5 _10.6 2.0 |42.0 140.0 12.4
BE1T3 0.5 j0.2 L.6 16.2 39.6 9.3
BT 0.0 0.0 1,6 0.0 N.A. 19.0
BaT2 0.7 g,3 2,0 i5.3 64.3 3.3
R2T3 0.6 g,2 1.7 14.6 56,9 8.7
E3T1 0.0 0.0 1.6 0.0 N.A, 6.6
EIT2 1.0 0,4 1.6 24,2 a7.7 1l.7
BaT3 6,8 0.2 1.6 10.8 46,2 8.4
peTy 0.0 ]o.0 1a5 10,0 N3, 5.1
E4T2 0.9 0,3 1.4 23.3 32.8 9,1
B4T3 0,7 0.2 1.8 13.9 78,8 7.9
Ry 7 10,0 0.0 1.9 0.0 N.A. 4.7
RUN 4 0.3 0,1 jd.3 10.7 87,8 9.2
RUN 8§ 1,5 0.6 2.5 39.6 32.7 8.4
RUN ¢ 0.9 0.4 2.6 9.1 ag.l 6.2

I _ .

The retention of - 150 um mabterial £rom the uwletra £ine
plurry ve the ultra fine golid addition rate ls plotted
in the followlng groph. The siwple linear regression lineg
with 95 % confidence interval ig also shown in the same

graph.
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fine addition rate is roo high, the unfiltered material
wlll travel towards the feed end of the scween, due to
the screen glope, Bventually it will reach the turbulent
reglon of the scxeen where the filtration medium hag not
yet been established. The molgture level of the screen
digcharge product obtained with a double layvr (primary
dewatering product) was Ilnvestigated.

The double layer was collected and mixed thoronghly under
sealed conditions before Dbeing sent back to the
dewatering screean for secondary dewatering. This step was
performed batch-wise since there was only one dewatering
screen avallable, The moisture levels betwaen products of
primary and secondary dewatering stages were compared,
The mabterial retention during secondary dewatering was
also investigated.

4.1 Retention Of - 150 um Material From Ultra
Pines During (I) The Double layer Formation
Stage And (IX) The Secondary Dewatering Stage

4.1.1 bouble layer formation stage (primary
dewabtering stage)

Results from the pilot plant tests show that the main
limiging factor wag the available filtration time for the
ultra f£ine sglurry. The fine cake itself proved a
reagonably good filtration medium.

When the addition rabe of ultrxa fine aluxyy was toc high,
pome unfiltared slunry would reach the turbulent region
of the screen where the £ine cake was nobt yat formed.
Since the fine cake only ptarted to form after the mid-
point of the fourth panel, the unfiltered ultya fines
reaching beyond this region were inevitably lest through
the secreen apertures.

Another pogsible facktor conteibuting to the loss ef - 180
um material are the logses through bthe f£iltratlion medium.
In the tests wherse conventlional dewatering waa appliled
{no ultra fine addiblen), no losg of eoal with the excess
waktar draining unrough the soreen aperturas was obgerved
after reaching the mid-point of the £ourth panel. In the
tests where the new technigue was employed, it wag
gvident that the slurry was belng filtered and excess
water with soma ultrs fines was going through the lasi 3
panalg {the ultra £ine slurry was introduced near the end
of the sareen vountar-currently bo the fine coal cake) .

Tlggl regults obtained are presented in the ELollowing
4 a,
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CHAPTER FOUR : THE PILOT PLANT TEHST-WORK -
DISCUSSION AND CONCLUSIONS

Supmary

Bixteen pilot plant bkests were performed. The '£ines!
referred to in the pllet plant test was the pilot plant
clagelfying cyclone product setream, which on averags
gongistes of SO % + 150 um - 500 um waterial and less than
10 ¥ - 150 um material. The 'ultra fines' referred to was
the pilot plant thilckener product which noxmally congists
of 60 % -~ 150 um material. The coals used are the
thickener underflow and the Fordertechnik screen products
from Goodghoop Calliery.

Five of tha tests conducted employed conventilonal
dawatering of fines (cyclone underflow) using the pilot
plant geoale Fordertechiilk screen. These five tests RUN 7,
ELTLl, E2TL, E3TL and E47T1 were performed to establish the
following:

(1) The molgture level attainable by tha specific
dewatering screen used in the pllot plant

{ id ) The axtent of losg of the - 150 um material in
the cyclona underflow (fines) while being
poreened. Since both the fines and ultra fines
fractions conkaln - 150 uw material, if the
amount of -~ 150 um material lest from the fine
poreion can be determined, the retention of -
180 um materlal from the ultra Eines
{thickener product) can be deduded.

All the ExT2 and ExT3 were performed ilwmedilately aftexr
the corresponding BxTL, e.g. ELT2 and ELTI were performed
directly after B1TL, Therefore the performance of sach
unit in the clyeult should have remained congletent
during the thres consecutive tests. Hence the retentlon
sharacterigticsg of « 150 um in the cyclone underflow from
ExTl can be used in the formula to estimate the reteéntion
of - 150 um material from the thilckener product in ExT2
and ExT3. (Chapter 3 : HExperimental methods of pillot
plant tegts and Appendix A : Method of estimating
ratention of ~ 150 um material of thickenar product of
wabte performed by the new techalgue) .

Bleoven tests using the new tachnigque were performed, The
ulbra fines slurry {(+« 30 % gelid) was idntroduced
counter-currently via a ppacial feeder onte the £ine doal
gake (+- 25 % noisture) 20 c¢m from the screen dilscharge
end to form the double layer. The limiting fackor here Ls
the avallable filtration zone on the screen. If the ulbtra
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rate measurement started. The flow rate meagurements were
performed on the following streams :

No,3 : Sareen dipcharge

No.4 : Screen undexflow

NO.1l : Cyclone underflow {( feed to screen )

No.2 : Thickener Product ( for testa with

conventional method, this iz omitted )

- NO.7 : Cyclong overflow ( for RUN 4, RUN 5,
RUN 6 and RUN 7 only ) :

L I B B

The flow rate measurement of each stream was pevriormed
geparately. At least 20 1 of slurxy or 20 kg of solid (in
the case of screen discharge) was collected per
measurement. A stop watch was used. After welghing the
material collested, the material was re-introduced to the
¢lrouit and the system was allowed to come to equilibrium
before taking the next measurement, Three measurements
were taken and the average and std. deviation caloulated.
If the zelative std, deviation was more than 5 %, more
mgasgraganha ware performed until a precipe result was
obtained.

For the method of sample preparation and molsture
determination, particle size distribution and ash ,
please refer to Appendix C : Operation and control of the
pllot plant,

For the method of data smoothing, please x»-ler to
2ppendix B : Method of data smoothing of pilot pl.- & test
ata.

For the method of data analysis, please refer to Appendix
A : Method of esptimating the retention of - 150 um
naterial of thickener product of tasts performed by the
new technique.
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The wultra fines were introduced at a position of
approximabtely 20 om from the seresn discharge end. With
the pet-up of the feeding pan , the thickener product was
able to fall gently (by gravity) to the exidsting fine
cake, The thickener product then flowed in the direction
of the screan feed end while beilng filtered through the
cake structure along the way.

Fresh coal was used for each experiment. Within oach
axperiemnt, to avoid overdoeing the c¢oal with flotculant,
flocculant was only dosed during the gampling stage.

3.3 ; Sampling Schema 2and Flow Rate Measurement
Saheme

The sampling scheme was designed in compliance with SABS
standards. Thirty-two increments were collected with the
mags of golid of each increment not less than the figure
calculated by the following equation (applicable to top
particle gilze lesg than 150 mm)

P (Kg) = 0.06D , whera P is the masgs of sach increment,
and D is the top particle asizes in mm, however, P is
always greater than 0.5 Kg

The sampling and flow messurements were performed during
gteady gtate conditions. It was physically imposaible to
sample all streams simultansously and cherefore
inerements Erom each sBtream waere c¢ollected in the
following order :

NO.3 -~ goreen digcharge

NO.4 - sureen underflow

No.l and No,2 -« cyclone underflow and
thickener product simultaneously

No.7 - cyclone overflow {(only for RUN 4, RUN
§, RUN 6 and RUN 7)

No., 5 - feed to c¢yzlone {only for RUN 4, RUN
5, RUN ¢ and RUN 7)

n s Lt B 12

The pilot plant operites as a closed clrcuit system
therefore ko aveold chatr as to the steady state condibions
dus to dncrementsl sampling, after collecting one
increment from each sgtream, a pre-~determined amount of
preparad coal with a similar particle silze distribution
was added to the suwp ag compenmation.{ The compensgation
coal was prepared in batches before experiments started.
Particle size distribution analyses were performed to
asgure quality ). After thig, the system was allowsd to
run for another 2 minutes before repeating the above
provedura,

Aftar the completion of the sampling scheme, the flow
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gtopped and the suctiun valve closed, Finally the mixer
of tlhe sump was stopped. The aunalyses of the samples
should be complated within f£ive working days, after that
cue was ready to gtart another get of experiments, By
this time all the coals would have settled at the bottom
of the sump. Excess amount of water could then be removed
from the sump by siphoning. A bit of the ultra Efines
and/or fines could be added if required.

Immediately after shut-down of the plant, manual mixing
began of the repregentative samples collected during
primary dewatering stage (3-3 : sampling scheme and flow
rate measurement scheme}., The mixing procedure was
performed under sealed conditions so that moisture loss
wap minimiged. After that, the screen was re-gtarted and
the entire sample wasg re-introduced to the screen for
sacondary dewatering. In this case the entlre sample was
collected for analysis.

3,2.3 + Method of introducing the thickenex product

One of the new concepts tagted wag the usage of a fine
goal cake ag the filltration medium for the ultra fine
glurries. The excess water was supposed to dralnh through
the cake leaving the ultra fine particles on top and
within the fine coal mass.

The pillot plant dewatering screen has a different sget-up
to that of the industrial seale, It hag a steeper
inclination angle which promotes cake formation., However,
the steeper angle alac promotes losg of ultra f£ine slurry
by enabling the unfilltered alurries to flow towards the
goreen feed end where cake formatlon has not yet been
gomplated, In order to achleve maximum residence time,
hence avallable f£iltration time of the ultra f£ine
slurries under the clrcumstances, a speclal procedure was
developed to overcome this problem. However, in the casme
of industrlal ascale dewatexing screen, bthe above-
mentionad problem does not exist and one can simply add
the ultra £ine sglurry onto the fing coal c¢aks co-
currently at the point at which c¢ake formation is
completa,

Ultra fine slurxy addition procedure in the pilot plant

Tha thickener product was introduced counter-currently
and gently to the fine ecake. The thickener product from
the flow rate getter was gravity-fed to the thickaner
product feeding pan which hung above the acreen. The
feod-end of the pan had the sams wldth as the scresan and
the length was about 4 panels (the scrsen hag 7 punels),
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: Method of estimating the retention of - 150 um material
of thickener product of tests performed by the new
technique),

3.2.2 . Tept procedure
gtart-up procadure :

The start-up procedure of the pilot plant was eagy. One
must ensure that there ig an adequate amount of material
present in the thickener to waintain the steady state
condition in the event of the flocculant dosing system
stopping accidentally (more than 1 bton o be cautious).
It 1s also necessary to ensure that there i sufficient
flocoulant supplies for the day. The flow rate control
box wuet be get-up in such a way that there is no feed
to the screen during this stage and the soreen mugt be
empty.

The mlxer in the pump was started so as to agitate the
material. The s¢reen wag then started., Once the screen
was running, the sump sudtlon valve could be opened and
the pump started. The flocculant dosing system was then
gtarted. Once the cyclone overflow began reaching the
scyeen digchavge collecting pan, the valve underneath the
bthickener was opened slowly and the Sala:Fump started.
When steady state wag reached (wsually within 20 minutes,
the settling time of the flocculant was 13 minutes) the
Elow rate ¢of the two feed streams to the gdreen were
manipulated as required (by the control devices of the
flow rate control box) and the gystem was allowed to
reach the new gsteady state, The required test work then
commenced (gee 3-2-1 : experimental method, 3-2-3
method of thickener product addition, 3-3 : Sampling
scheme and flow rabe measurement).

Shut~down procedure
The shut-down procedure of the pilot plant was very
important to prevent c¢oal particles accutulating and
blocking the pilpework.

The two feed streams to the porsen ware stopped. All the
cyclone underflow and thickener product would then report
to the sump through the flow rate setter. The dosing
pyeten of the flowculant was then stopped. The sgcreen was
allowed to run clean after which the feed to the
khickenar was stopped and all the cyclone overflow
reported to the by-pasg pipe . The valve undermneath the
thickener wasg closed and water wag introduced to the sala
pump sump to run clean. Afiter this the Sala pump was
stopped. Then water wag added to the system at the screen
discharge c<ollecting pan until the returning streams
containad very little solid. By doing so all the pipework
should ba free of molidy., The sump pump could then bhe
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S¢n dis : poreen dlscharge

From the sbove eguation , it is obvious that Iin order to
datermine the % retention of wmaterial of a particular
glze clazss from the thickener product, it is essential to
know the retention of the same class materlal from the
dydlone underflow, As the cyclone underflow still goes
through the same routines as in the conventional process
{gee 3-2-2, method of introducing the thickener product},
one would assume that the retention walues obtained from
RUN 7 could be used for estimation of the retention of
the material f£rom the cyclone underflow. However, in
reality it is not that eaay. Although much effort was
made to engure that all bthe parameters remained as
constant as possible, except for the controlled parameter
(exitical ratio), the parameters do differ from test to
test to some extent. (Appendix D : Detalled data for each
pllot plant test) An attempt was made by applying the
ratention values of material from the cdyclone underflow
cbtained during RUN 7 to equation 1 to caloulate the
retentilon of the material from the thickener product of
RUN 4, 5 and 6. However, calculated resultg indicated
that this approach wag not acourate, (Appendix A : Method
of estimating the retention of -150 um material of
thickener product of tests performed by the new
tachnique.)

A different approach was used. Instead of running the
tests independently, three btests were run consecutively
(one working day is only sufficient for three tests). The
firgt 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 firxaet test, all the thickener
product would go to stream No.l3 (gee flow sheet) and the
clroult was run conventionally. After the ExTl test had
been completed, thickenar product, at a certain flow
rate, wag added and the gystem was allowed to come Lo a
steady state hefore commencing ExT2, After the completion
of ExT2, the thickener feed to the dewatering screen was
gtopped and the gystem wae allowed to come to the same
steady state experienced durxing ExT1 (or ag closely as
posgible), Then a dififerent flow rate of thickener
product waes introduced anrd the system was yebk again
allowed to reach a new steady state, Test ExT3 was
performed as test BExT2,

By using this new approach, four experiments, each made
up of three tests, were completed, The advantages of this
new approach was that the performance of sach unib during
the thres tests sghould remain gimilar. Thersfore the
retentlion values obtained during BxTl dould be
substituted into Eguation 1 to calculate the retention
valuee of material f£rom thickener product during tests
ExT?2 and ExT3. The method provad guccessiul {Appendix A
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3.2 1 Exnarimental Methods And Test Procedures

3.2.1 Experimental methods

The pilot plant operated on a cloged 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 techniques up to thes primary dewatering
process in & continuous fasghion, Since there was only one
dewatering sc¢reen available, mixing and secondary
dewatering could only be carried ocut batchwise after the
completion of the primary dGewatering stage. The only
equipment used after the completion of primary dewatering
stage was the dewatering scresn, Mixing was performed
manually.

Bfforts were made to ensure that the only varlable during
all the test work wag the controlled parameter i.e, ths
uf/f ratio. ™e other parameters e.g., % particle size
distribution in all streame, slurry flow ratee (except
thickener produgt), % solid in all streams (except screen
discharge and equipment sst-up was maintained as constant
ag posalble, By doing so, one can compare the results
ohtained from the different tests.

Initially £omx tests (RUN 4, RUN 5, RUN 6 and RUN 7) were
performed separately. Except for RUN 7, all the othex
three tests were peérformed using the new technigue, RUN
7 was performed using the conventlonal method (no ultra
fine addition) and its result serves as a comparison.
However, one problem ig apparent, namely the estimatlon
of the % retention of the ultra fines material (- 150 um)
from the thickensr product. Consider the £ollowing
eguation

Equatdon 1

Fncn din * xneﬂ ddn = Fevr.- uf * xcyu ug * R_-eya nE, x

+* Poie pd * Kenkepd * Rybie pa, =
wagre F : sgolid f£low rate »f a particular gtream
(t/hr)
¥ 1 gize fraction ~f pgize class X ({ in

fraction ) of the particular gtream

R : fEraction retention of mize class X of the
particular stream

Cyc uf : ecydlone undexflow

Thk pd : thickener product
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TABLE 1

Caloulacion of Boundaries of % Retention Values of
- 150 um Material of Thickener Product and Cyclone

Undexflow for Tests Employed by the New Method

From tha abhove table,

Sewe— -
Test I.D. Thi Pd. Thk pd. Cye uf. Cyo ug,
Max ( ret., |Min ( zet., |Max ( xret Min ( ret
eye uf = 0 |eye uf = . fthk pd = 0 | thk pd =
%) 100 % } %) 100 % )
BE1T2 56,50 ~-3.804 83.69 ~7d.13
BLlT3 86.62 -85.1583 50.43 =7.781
B2T2 123,71 -42.742 74 .32 14.243
H2T3 125,55 -56. 8458 65,26 13,279
BE3TZ 71 .77 ~58,269 55,158 =23,71
BaT3 157,11 - =170,08 48,02 17.46
BE4TZ 55,25 -~104,.8 24,66 -28.07
| B4T3 110.33 =106.28 50.84 4,77
RUN 4 121.48 ~57, 894 67,71 11,897
RUN § 48.08 -3,02 95,00 1 ~101.63
RUN 6 57.44 ~7.01 89.13 | 66.04

it ig ohvious that the calculated

boundaries are too wide to have any practlcal purposes in
helping the estimation of the retention valuesg, The
values that are more than 100 % or less than 0 % should
be dgnor.d since the real values only lie in the megion
between 0 % and 100 %.

The following table llsts the estimabion of the retentlon
ef -~ 150 um material of thickener product uveging different
retention wvalues of - 150 um material of g¢gyclone
undarilow.




gteady state of ExTL ( ox as cloeely as possible ). Then
a different flow rate of thickener product to dewatering
screen was introduced and the system would reach a new
steady state before test ExT3 commenced.

By using this new technigque, four experiments sach with
bhree teste were completed. The advantages of thid new
approach allows the relention values of cyclone underflow
matorial of test EBExTl to be applied to test ExT2 and
BxT3, :

Using equation one, one can at least caloulate the
boundaries of the recention values of cyclone undexrflow
and thlckener product by agsuming ons of them Lo be 0 %
or 100 % and the ¢aloulated wvalues are listed in the
following table.




Congider the following equation :

Fu-:h diu * x ast dlo, i ™ F-:y:‘- uf # x--y-: uf, . W Rry-‘ uty i
* Frakps ¥ o pdr * Brug el s

- equation ( 1 )

whare F = Eoli? flow rate of the particular stream
n t/hr :
X = pize distributdon of sgize ¢lasg 1 in
fracticn

R = the retention of size c¢lass 1 in
particular ptream in f£raction

Scn dis = gcoreen discharge
Cyc uf = cyclone underflow
Thik pd = thickenex product

It im clsar from equatlon ( 1 ) that to estiwmate the
retantion of - 150 um matexial frem the thickener product
in the teste employing the new tachulcgque, one needs to
know the retention of - 150 um material from the coyclone
underflow for the same tests, However, it is not poseible
to determine this valua in the pilot plant ag thexe is
cnl{ one screen underflow stxeam, The value is therefore
estimated from tests carried out using the conventional
pystem without ultra fines additions,

In the earlier stage of the pilot Elant tegt work, four
indepentlent cestsd were performed, viz : RUN 4, RUN 5 and
RUN 6 { new technique ) ; RUN 7 { convantlonal methed ).
However, applying the retention values of the cyclone
underflow waterial of RUN 7 to eguation 1l to sgtimate the
retention of -150 um material of thickener product of RUN
4 bo RUN 6 did not yield patisfactony results since the
running conditions of RUN 7 were not ag close to thoge of
RUN 4 to 5 without thickenher product addition.

Later, a dlfferent approach was made, Inptead of running
the tests independently, thres Ctests were performed
sequantially ( ona working day ). The first tegt would he
¢alled ExTl { e¢.g. experiment L test 1 ) and this would
be a deonventional run ( l.e. no ultra fine additdon ).
During chis first test, all the thickener products would
go Lo gtream 10 { see Chapter Three, E£low shaet
dogeription ) and the clrouit would run conventionally.
Afiter this first test had been completed, bthickenex
product at a certain flow rate was added and the system
wae allowad to reach a new steady state before test HxI2
began, After the completion of test ExT2, the feed of the
thickener product to the dewatering screen was stopped
again and the system was brought back to the original
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Appendix A Method Of Estimating The Retention

Of < 150 um Material OFf Thickener

Product Por Teasts Performed By The
New Technique
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due to the limiting factors mentioned in the previous
paragraph, under the cilrcumstances the advantage of
mixing and gecondary dewatering could not be demonstrated
as in the laboratory scale tests.

In order to be able to add more ultra £ines, a greater
filtration =zone i1s required. This should increase the
ultra f£ine content in the product significantly, and az
a result product moisture content should be less due to
the reduction in the molsture holding ability of the coal
particulate system. Tests should also be performed to
establish the saturation point (hence the max. ultra fine
addition rate) under the new conditions.

The available filtration gzone could be Increased by
having a greater screen surface area. However, dewatering
screens are dynamically balanced and subsequently
detalled studies have to be performed before ¢onsidering
any alterations. It is certalnly an aspect worthwhile
considering since the sum of capital and operating coste
for dewatering screen ls 24 times lese than that of the
belt filter with the equivalent capacity (capacity : 50
t/hr, RO.26/t v R6.39/t),
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5.2 The Benefit OFf Mixing And Secondany Dewatering

Rgsults from the laboratory scale test work clearly
illustrated point 5,2. The absolute reduction in moisture
of the primary dawatering product by mixing and sgecondary
dewatering was between 3.5 % to 18 % depending on the
conditlons. The corresponding sabturation point obtained
happened to be at a uf/f ratio of 1.0 (50 % ultra fine :
50 % £fine). Any further increass in the ultra £fine
content. increased the specific surface areas of the
mixture and consequently increased the water retentilon
ability of the system,

However, a# wmentloned in 5.1, under pilot plant testing
conditionsg, the final molgture attalnable by the specific
soreen under the conventional operation conditions was
already achieved during the doubile layer formation stage
by the new mathod.

No loss of material was observed during secondary
dewatering and the mixture conglomerated during the
process into small round ballg.

B.3 Recommendations

The laboratory sgcale test work demonstrated that further
reduction in wolsturxe of the double layer was possible by
mixing and secondary dewatering, provided that the forces
applied are strong enough, Uader the laboratory testing
conditions, saturation was achieved with a mix of 50 %
fineg : 50 % ultra fines. At uf/f ratios below this
gaturation point, the product moisture would decrease
wlth ingreasing ultra fine content,

Howaver, due to the limiting factors experienced during
the pilot plaut tests, the highest achievable ultra fine
addlition rate was 0.7 t/hr which corresponds to a uf/f
ratio of 0.1 ko 0.15. In addition, the retentlon values
achleved of the - 150 um fraction of the ultra fites was
63 % lnstead of almost 100.0 %. The reesult was that the
inorease in ultra fine content in the product jis not high
encugh to yiseld a negative correlatlon between the two
parameters ( ¥ H20 and % - 150 um content). Neverthelass
a weak coxrelatlon was obtained from the pllet plani
repults between the ¥ product moisture and the -150 um
cantent in the product. The trend is there but not
pronounced enough.

The vibratory forces experienced on the dewatering screen
were gtrong enough to reduce the molsture level of the
double layer to the lowest level attainable by the
gpecific screen used under the c¢lroumstances. However,
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CHAPTER FIVE : CONCLUSIONS

The two fundamental concepts underlining zhe new
technique were tested both in the laboratory and ia a
pllot plant. Results obtained showed the potential of the
new technique.

Tests under a wide range of uf/S ratiog were condudted
under laboratory conditions. However, it was not possible
to tast such a wide range under pilot plant conditions
due to the limited filtralion zone availal'le for the
ultra fine slurry. Nevertheless, from the promising
results obtained f£rom the pllot plant test work positive
gonclusions can be made.

5.1 1 The Feasgibility Of Using Fine Coal Cake As
Filtration Médium For Ultra Fine Slurry

The two important aorcarns here are the retention of -
150 um material £rom the ultra fine slurry and the
moligture level of the resultant doub.e layex,

Excellent resulte were obtained from the laboratory scale
test work. From the wide range of uf/f ratlo tested, the
losg of the - 150 um materlal from the ultra fine slurry
wag less than 5 % w.r.t. the solid wass of ultra fines
and the loat particles were mainly - 45 um. The static
gonditions of the experimental get-up in the laboratory
were thought to be responsible £or this phenomenen,
Natural dsainage takes too long hence vacuum wag used 4o
increase the rate of filtration process, Excess water was
removed through the filtration medium togetherx with a
giiall amount of - 45 um material f£rom the slurry, The
resultant double layer had a moilsture content of between
20 ¥ and 30 % depending on the testing conditions.

However, undet pilot plant conditions, the highest ultra
fine slurry addition rate was 0.7 t/hr (0.2 t/hr solid).
Higher addition rates resulted in the loss of unfiltered
ultra f£ines in the reglon where cake formation was 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 - 150 um material £rom the
ultra fines can be recovered.

The material lost was with the excess water filltering
throwgh the cake.

The ragultant double layer (screen digcharge) had a
moiptura dottent similar to that of the normal screen
discharge during conventional soreaning. In othex words,
the lowest wmoisture level was attained during the double
layar formation stage.
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4.3.2 : Moisture difference between primary and
secondary dewatering stages

Data and analysis guggests that there was no significant
difference between the moisture levels from primary
dewatering and gecondary dewatering products for the uf/f
ranges tested.



Thig finding agrees with observations made during the
tests, The moisture level of the double layer hag already
been reduced to levels attainable by the specific
dewatering screen. Any further moilgture reduction would
probably require equipment with stronger forces than the
dewatering screen.

4.3 : Conalusion

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

The resultant double layer has a moisture content of 25
% which 1s the normal moisture lével cbtainsd with
conventlional scoreens. The exdess water from the slurty
wvas easily filtered through the cake by the wvibratory
force of the screen., The limiting factor was the
available filtration time,

With the pilot plant sget-up, the highest attainable ultra
fine slurry addition rate was 0,7 t/hrx (0.2 t/hx solid)
with a corregponding uf/€ ratilo, in %, 10 % to 15 %. The
retention of the - 150 um material from the ultra fine
was 63 ¥. The double layer (screen dlacharge) yield had
a moigture content of 25,0 % which was the level normally
obtalned during the convent.onal runs. Ultra fine slurry
addition rate bayond this point resulted in a loss of
unfiltered ultra fines through the screen apertures at
the 'nen-cake ' forming region of the screen,

Simple calculation in 4.1.1 suggests thab in a normal
1200 t/hr plant, 8ix industrial slze dewatering screensg
would handle all the ultxa fipes. The resultant product
has a £inal moisture simllar to that of the normal
dewatering screen product. At this woistuxe level,
further dewatering or handling coats are much lower and
congequently more optlong baecome open. The relatlvely
cheap capital and operating costs of dewatering screen
make the new technique attractive.
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4,2.1 Product moisture level from primary dewatering
stage (double layer formation stage)

The average wmoisture level of the double layer obtained
from the tests employing the new techunigque was 24.8 %
with a relative standard deviation of 0.75 %. With the
donventional application, the same screen gives an
average discharge woisture of 25.5 % with a relative
standard deviation of 1.4 %. 1t appears that during the
double layer formation etage, the product moisture level
was already lower than that achieved during conventional
goreening,

Two-Sample statistical analysis was applied to compare
the mean moisture levels between the two zets of data.
However, the result {see hppendix F) suggests that theére
was no significant difference between the two setsy of
data.

From the result it can be stated that the fine cake does
act as a good filtration medium for the ulbtra £ine slurry
in terms of excess water removal, The resultant double
layer moisture wae at least not higher than the
conventional dewatering screen product,

Labioratory scale test resulte suggested that before the
saturation point was reached, the % moisture level should
dec¢reage with increasing ultra fine content. The
gsaturation point was obtained, under the gpecial
experimental conditions, with 50 % fines and 50 % ultra
fineg, Also under laboratory conditions there was almost
noe -~ 150 um material lost during the double layer
formation stage. However, the 1ltra fine addition rates
in the pilot plant tests were ,reatly restrictad by the
available Ffiltratlon time. The highest uf/f ratio
attainable in the pilot piant, without losing unfiltered
ultra f£ines to the 'non-cake' region of the goreen, was
between 0.1 to 0.15 (or 10 % to 15 %). Rs was wmentioned
previously this low addition rate does not allow the % -
150 um material in the double layer to increase
gignificantly. Theraefore at -“is stage only a weak
torrelation between the % wo.gture level of sgreen
digcharge and the % - 150 um material present was
cbtained (Appendix F),

4,2.2 : Prodict uwolsture level from  secondary
dewatering stage

From table 4-2-a, it seemg that there is no significant
difference between the moigture levels of the primary and
secondary dewatering products., Two-Sample sgtatistical

analysis was again performed, the result (Appendix F)
gonfirming that there was no significant differences
between the two sets of data.
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Table 2-2-A

Product Moisture Results

test 1I.D. ut/f ¥ - 150 um % H20 % H20
ratio mat. in primary secondary
in % prod. dewatering ([ dewatering
BiT1 0.0 8.5 24 .2 N.A.
E2T1 0.0 .0 24.3 N.A.
H3T1 0.0 6.6 25.5 N.A,
E4T1 0.0 5.1 25,8 N.A.
RUN7 0.0 4,7 27.7 N.A,
E1T2 42.0 ii.4 24.0 24.8
E1T3 16,2 9.3 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
H3T3 18.5 8.4 25.1 24.9
E4&T2 23.3 8.1 24.4 24 .2
£473 13,8 7.9 2E.6 25.4
RUN4 10,7 9.2 25.9 24.7
RUNS 29.6 8.4 23.5 24.3
RUN@ 19.1 6,2 25,5 25.3
average % H20 avarage ¥ Hz20
primary dewatering | secondary
dewatering
conventional 25.5 4~ 1.4 % N.A.
new technicque 24.8 4+~ 0.75 % 24,7 4= 0.5%4 %
N.B, the first é rows are from teste employing

conventional method

N.A. All standard deviations are reported ag relative %
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Bxp. 1 1+ Test 1

¥ Particle 8ize Distribution (data as ig and smoothed)

wiarem
e

gize glze poreen goreen scveen u/f goreen

um class | u/f frac u/f cum & | frag % u/f oum %
_ % gmooth araoth

- 45 30.8 30.8 30.7 30.7

- 45 2 2.3 33.1 2.3 33.0

- 53

+ B3 3 1.8 35.0 2.3 as5.4

- §3 | _

« B3 4 4.1 39,1 4.2 39.6
Th

+ 15 B 6.9 46.0 6.9 46.5

-~ 106 _ -
106 | 6 9.3 BE.3 9.3 55.8

- 150 _

+ 180 | 7 L1.8 67.0 11.5 67.3

- 212 | _ _

+ 212 18 1L.9 7.9 11.9® 79.3

= 300 | L .

4+ 300 |9 12.7 9L.6 12.4 8.6

- 425 | .

+ 425 | 10 4. 98 .7 4.1 88,7

= 500 _

+ 500 {11 2.7 98.58 2.6 88,4

« @O0 . , 5
400 { 13 1.5 100.0 1.4 890.8

- 850 _

+ BBOD | 13 .0 100.0 0.1 99.8

1180 _ . .

+ 14 0.0 i00.0 0.1 100.0

1180 _
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% Particle 8Size Distribution (data as ig and smoothed)

Exp. 1

Test: 1

M‘B)

gepeen discharge A

sareen disohargoe B

.5

primary dewntering praduct
gegondiry dowatering product

lﬁm#ﬂ___&ﬂ e
alse gilze goreen scEeen geresn serean gorean gérech
utn dlagz dig. A digd.A dig, A dig. A | dis. B dig B
frae W Gum % £prag % sum % frae % sum %
smoatl smaeoth

b 45 l 3-4 3'4 3.1 3.1 3.0 3.0
+ 45 2 0.2 1.6 0.3 3.1 Q.2 3.3
- 53

+ 53 3 0.2 3.8 0.3 1.1 y.a 3.5
e« @3

+ 63 L] 0.5 4.3 0.7 4.4 9.3 3.8
- 7§ . i}

+ 18 5 1.4 8.1 L.4 §.% 1.0 4.8
= 106 ) )

+ 108 | & 2.8 8.4 2.8 .5 a.2 1.1
= 180 )

+ 180 | ¢ 5.1 13.5 5.2 13.7 4.8 1.7
= ALR _

+ 212 1 8 7.8 2l1.4 7.8 aL.1 7.6 16.3
= 300 _

« 300 | 9 14.6 36.0 14.1 6.4 14.4 33.1
- 425 )

+ 425 | 10 9.8 48,7 8.7 46,1 8.8 43.5
- 500

+ 500 | 11 13.2 8.8 13.0 §6.1 13.8 7.4
- §00 |

+ 600 | L2 24.2 B5.1 28,7 84,8 27.3 #44.46
" 850 § . .

+ 850 | 13 10.7 80,8 10.7 95.5 11.1 95,7
L1BO ) )

* 14 1.8 106.0 4.5 100.0 1.3 100,90
1180 ) ) )
total 100.0 100.0 log.0
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Appendix D

Detailed Data For Hach Pilot
Plant Test
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coafflcient of analyses = 0,994 therefore, this is
a good £ig,
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6 : Flocculant Doging System

Flodculant used : ANIKEM 4816 ( s=ame as Goodehoop
evlliery where the coal used for testing came from ),

set-up : BUPPLY buckets and small pump.

The following table lists the setting of the dosing
system,

£l.coulent concentration : 25 %
vol uged for each test : 500 ml

e e S = T —~
putp setting time { weconds ) 1/hr

10 _ 40,69 44.24
30 _ 40.86 44.05
10 40.83 44,00

5 44,51 40.44
9 44,80 40.18

g 142.79 36.15

8 49.20 _ 36.59
7 58.27 30,37
7. 9.8l 30,25
8.5 42,35 42,50
9.5 42,81 42.05
8.5 1 46.43 _138.77
4,5 1.46.24 — 38,93
7.5 53.46 _ 33.67
7.8 53.96 1. 33.3¢6
&.5 62.53 28,79
62.43 28,83

If one plotg the l/hr ( flow rate ) ve pump setting, one
will diszcover that it is a stralght line. Least Square
Analyses were performed on tha data to obtain the
following equation for setting of the pump :

l/hr = ~0.154 + setting * 4.47

12
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was performed the next day. After that the coal was
spread on btop of a tough plastic sheet to the thickness
of l1mes thién 1 cm. The sample was alr-dried for two to
five daye ( depending on the % solid level ). When the
gample was non-gticky and free when touched with paper,
the weight was again taken. The £ree moisture ig
calaulated by the following formula

% free H20 = 100 * mags of H20 removed / wel mass

The alr-dried sample was then ready £or sample
preparation,

Decanting was not netessary for the dewiatering screen
product dua to tha lower modsture content. Air-drying
procedure could be commenced immedlately after sawple
gollaction.

4 1 Particle fize Din ibution Determinatilosn

A gample pize of +- 50.0 g was weighed and wet screened
using the acreearns in the following order : 45um, 63 um,
75 um and 106 um., When one obtained a clear flow of watar
{ test by white papesr ) free firom any coal one could then
commence the screening of the next larger size,

The + 106 um fraction was dried and then vibrated for 20
minutes through screens of the following silzes : 150um,
2i2um, 300um, 425um, S00um, 600um, 850um and Ll80um. The
dried mass of each edze claps was measured. ‘The %
particle size distribution was galculated ag follows

% of «¢lape X = 100 * mass of clasg X /
original sample mags

Duplicate tests were perfoimed,
§ 1+ Aph Dhavel Determination

Same as the method degoribed in ISOLL7L.
Duplicate tests were performed,

il
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1 : Specilal Devices For Flow Rate Contrel / Sampling /
Thickener Broduct Addition

Thig is basically a split box which aliuws the incoming
ghream to be divided in such a way as to give &
controlled feed flow rate. The inlet wmtream pipe is
flexible and is fitted with a round hoop which allows the
pipe to be positioned over the splitter to give the
degired feed flow rate. The pipe iz then held in position
by means of a nut and bholt,

Tha width of the pan was the same as that of the
dewaterinyg 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 thickener product could be added gently in a
counteér-current fashion to the cake of cyclone underflow,

(1) : by-pass of cyclone overflow

The by-pass conslsted of a T-junction with a valve on
gach inlet leg which allowed control of the dizection of
flow of the material.

(29 valve underneath the dewstaring screen

Thig valve wag only opened when taking samples or Elow
rate measurements. Afteér opening the wvalve, the materlal
wag allowed to f£low for 5 seconds hefore commencing the
required task,

2 1 Sample Preparation Procedures

After the sample was air-dried and the free molmture
level determined, gentle rolling with a weooden rolling
pin wan performed to ensure that there were no lumps of
materisl present.

The sample was then blended and mixed thoroughly by hand,
Riffling wam then performed until a sample weilghing
betwesan 30g and 50 g was obtained.

3 1 Free Molsture Determination Prodedure

The slurry samples collected from the pilot plant test
ware waighed and allowad to smattle overnight. Decanting

10
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APPENDIX C : Operation And Control Of The
Pilot Plant



It is a well known fact that due to the inevitable
cccurrences of experimental errors, when one performs
mass balance over each unit, the total inlet mass flow is
geldom equal to the total outlet massg flow., A software
programme called MICRCSIM devaloped by Mr. W. Stange of
the Metallurgy Department solves this problem for the
user, provided that the user hag a good idea of the
magnitude of errors of sach measurement.

The fellowing data with ilts relative standard deviation
or estimated experimental errors are entered in each data.
gmoothing gesgious of MICROSIM for each Eest

- the flow sheet demcription

“ the mase flow rakte of at least one stream (tha
writer entered all streams meagured)

- the particle glze distribution of at least one
atream { the writer entersd all streams )

- the % ash of at least one stream ( the writer
entered all streams )

- the % moisture level of at least one stream
{the writer entered all streams)

It was found that the relatlve std. deviation of eadh
easurement /analysis performed was a very good estimation
of the experimental error since the iteratlon calculation
convarged very quickly with those values as experimental
errors., Any error valueg larger than those would not
enable the iteration ¢alculation to converge, The
smoothed regults are very simllar to those of the raw
data ( Appendix D ; detallcd data of each pilot plant
data) and this confirma that the sampling and flow rate
moagurement sgcheme is a reasonably accurate one.



APPENDIX B

Method Of Data Smoothing Of
Pilot Plant Test Data
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testing the feagibilities of the new technicque.



Egtimation of the % Retention of -

TABLE 2

150 um Material of

Thickener Product by Different Estimation of % Retention
Values of - 150um Material of Cyclone Underflow

Test I.D. using ret. of |using 14.1 % using 39 %
corresponding | (lowest found | (highest
ExTl's in £ive found in five

conventlonal conventional
. Lesta) tests)

BE1T2 40.0 50,0 33,0

EL1T3 39.2 62.4 19.6

B272 64,1 100.2 58.8

E2T3 56,7 98.4 50.2

B3T2 27 .7 53,4 21.0

B3T3 46.2 11t.0 28.8

B4T2 32.8 32.8 -6.5

B4T3 80.0 79.8 25.9

RUN 4 N.A, 96 .2 51.5

RUN 5 N.A. 40.8 28.2

RUN & N.A, — 48.4 32.3

From the above table, it is obvious that using the
raetention result of cyclone underflow of the
corregponding EXT1 tests gives the most reasconable result
in terms of trends and chservations from the experiments
{ based on the on-site observations, one knows that the
following tests will yield good retention of thickener
product : E2T2, E27T3, B3T3, E4T3 and RUN 4 ). As for RUN
4 to RUN &8, one usges the average of the retention values
of -« 150 um material of cyclone underflow of the five
tests performed with conventional methods.

Attempts had been made to uge the result obtailned by the
five conventional tests to form a model, thereby using
the model to prodict bthe retenmtion 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 avcurate predictions,

It was therefore decidad to caleculate the retention
values for - 150 um material only, not Inr every size
class due to the complexity involved and the additional
resulte would serve little practical purpoge in terms of

L3



Bxp, 3 : Test 1

¥ Particle Size Distribution (data asg ig and smoothed)

28

_ _ o
giza glzs goraan goreen soreen u/f | sereen
um Qlags | uw/f frac u/f cum ¥ | frac % u/f oum %
_ % gniooth ameoth
w 48 117.3 17.3 17.3 17.3
~ 45 2 1.9 19.2 1.9 9.2
~ 53 _ .
+ 53 3 1.8 20.7 1.5 20.7
- §3 _ .
+ 63 4 3.2 23.9 3.3 24.0
- 75 _ .
+ 75 5 E.8 29.7 5.7 29.8
- 108
+ 106 | & 8.5 39.2 0.4 39,2
- 150 _ ) . .
+ 150 | 7 15.2 54.4 15,0 54,2
~ 212 _ -
+ 212 ] 8 .6.8 71.2 ~8.8 0.9
~ 300 —
+ 300 |9 17.9 89.1 17,7 88.6
- 425 » _
+ 425 | 10 E.8 94,8 5.5 94,1
- BQ0 _ o .
+ 500 | 1L 3.5 98.1 3.6 | 87,7
« G008 . .
+ 600 | 12 1.2 160.0 2.1 9¢.8
- 850 _ _ _
+ BBO | 13 0.0 100.0 0.2 99.9
1180 .
* 14 0.0 100.0 g.1 104.0
1180
Cotal 100.0 100.0

e e e o S e e e e e it bt e = i = kit = o i sk R A i e~ e o b o e




BExp. 3 1 Test 1

% Particle Slze Digtribution (data as ig and smoothed)

siga glua Jcréen Barecn aoreen dereaeh | gereen serean

i elansg dis. A dig. A dis. A dig. A jdis. B dis B

frae % S frag 4 cum % frac % i %
gmeoth gmasth _

- 45 | 1 L.7 1.7 1.8 1,8 1.5 1.5

+ 45 2 0.2 1.9 0.2 2.1 0.0 1.5

= B3 .

+ 853 3 0.2 2.0 g.2 2.3 B.2 L€

= £3 o

+ 83 4 0.3 sS4 0.5 2.8 0.2 1.8

= 78 |

+ 75 5 1.1 a.§ 1.1 3,9 0.8 2.8

~ 108 _ _ _

+ 106 | @ 2.8 6.3 2.4 G.d 2,3 4.9

= 150 . _

+ 150 17 6.2 12.4 5,9 2.4 5.2 10,1
= 218 |

w 212 [ 8 9.9 22.1 8.6 22.0 g.8 19.0

« 300 . .

« 390 1 9 17.7 40.0 17.4 39.4 1l6.8 5.8

= 424 L

% 428 | 10 10.5 50.5 0.4 49,7 10,3 46,1

- 500 _ . _

+ BoO | 1l 2.8 63,3 12.8 62,6 13.2 59.3

“ 608 | _ . . .

+ 600 | 12 24,0 87.3 24,3 a6.5 25.8 85.1

= RS0

+ BE0 1 13 9,2 96.5 9,4 86.4 16.8 bh, 0

L1140 s _

“h 14 3.5 160.0 3.6 lo0.0 4.3 1600.0
L&é““ ~ .

total Log.o 100.0 100.9

= N . . 1 : . -

N.B. gapeg. digchakge A @ pelmary dewabeging produst

sorooh digsharge B @ seeendary dowatering produat

27
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BExp, 2 + Test 1
General running cendicions { data as is and smoothed
data }
I — T — — =
cyalone goraen goraen
_ - underflow discharge underflow
golid t/hz 3.590 1.020 0,410
Solid t/he 1.590 1,180 0,410
gnoothed .
glurry t/hr 3.240 1.588 1.681
smoothed 1
% H20 purface 50.42 24.36 75.91
4 H20 surface 50.92 24.28 75.61
amoothed L . .
% asgh 19.33 18 .52 23.02
L3 ash smoothed |18.856 12839 22.83
solid golid H20 HR20 ash agh
sqreen screan surface surface screen sereen
inlet ontlatsg gorean Borean inlet outlets
t/hr t/hr inlet oublets t/hr t/he
. : e/he 1 t/hy _ ’
1.590 1.580 L.680 L,.850 0.311 0,311
[ — - e T




Exp. 2 : Tast 1
Detailed golid masg balance across unit soreen for each
gize clags
L L e e T
gize size % alze soreeh % gize sereen
uin ¢lasg diakn, inlet distn. outleat
sareen t/hre gorean t/hre
_ inlet oublet )
- 45 8.0 0,128 8 g.128
+ 45 g.% 0.0143 0.2 0.0143
- 53 o .
+ 83 3 0.8 0.0147 0.8 0.014%
- 63 .
+ B3 4 1.6 0.0248 1.6 0.0248
» 75 _ _ _ .
« 95 - | B 2.8 0.0442 2.8 0.044%2
105 _ _ o
+ 108 6 4.5 8.0723 4.5 0.0723
- 180D .
+ LE0 7 7.4 0,118 7.4 0.0118
= 212
+ 213 8 9.9 0.158 5,9 0.158
- 300 _ _
+ 300 o 15,3 0,244 15.3 0.244
- 425 _ _
+ 425 10 8.6 0.137 B.8 0.137
= 500 _ L _
+ 500 14 10.1 0,161 10.1 0.161
- 600 o _ L .
+ 600 |12 18.9 0.300 18.9 0.3
__:__BED .
+ 880 13 7.8 0.124 7.8 0,124
- 1180
+ L180Q | 14 3.2  0.0508 3.2 0.0508

25
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BExp., 2 : Test 1

% Total Retention ( data as is and smoothed data )
size gize % frac ¥ cum ¥ frac ¥ ocum
U class retention | retention | retention ] retention
L _ gnooth smooth
-~ 45 30,8 30.5 28.7 28,7
-~ 45 2 1.4 28.4 31,2 29.0
- 53 _ .
+ B3 3 1.4 26.6 32.8 258.3
- 63 1. .
+ 63 4 22.90 26.1 35.4 30.1
~ 78 _
4+ 78 =« | 5 ‘4.3 27.8 40.0 32.1
105 _
+ 1085 & 44,0 31.¢6 47,3 35.8
~ 150 _ .
+ 150 7 54 .4 38.1 5.8 41,7
- 212 .
+ 212 8 63.3 45,7, 64.8 48.0
- 30" _
+ 300 9 74.1 54.0 74,5 56.0
= 425
+ 425 10 84.2 Bg8.5 84.0 60.0
~ 500 — _ .
~ 600
+ 600 12 97.3 70.9 97.1 1.4
~ 880 _ .
+ B5Q 13 88,7 73.3 87.% 73,48
~ 11,80 _ _
4 1180 | 14 98.4 74.1 96,6 4.2
total 74,1 74,2 _ . i




Bxp. 2 : Test 1

% Particle 8ize¢ Diptribution (data as ls and snoothed)

23

. _ _ N -
glze {gize ayclone gycloneg cyclone cyclone
ut vlass |u/f frac u/f cum ¥ }u/f frac ¥ Ju/f cum %

% _ | emboth gmookly
- 45 1 804 3!4 Blo 8.0
- 45 2 0.6 9.0 0.9 8.9
- 53 .
+ 53 3 0.6 9.6 0.9 9.8
o~ §3 _ .
-~ &3 4 1.3 10.9 1.6 11.4
- 75 _ _ .
+ 78 5 2.8 13.5 2.8 14,2
- 106 . .
+ 106 | & 4.3 17.8 4.5 18.7
-~ 180 . . .
+ A1BQ | 7 7.1 24.9 7.4 26.1
- 212 . .
+ 212 |18 9.8 34.6 8.9 36.0
- 300 .
+ 300 {09 15.3 49,8 15.3 8i.4
= 425 . o . .
+ 425 | 10 8.7 58.5 8.6 60.0
- 500 t . .
« BOO | 11 10.5 69.0 0.1 70,1
- 600 | . . .
+ 600 {12 19.5 88,4 18.9 89.0
= B850 .
+ 850 | 13 8.2 96.6 7.8 96,8
1180 _ . o
e 14 3.4 100.0 3.2 100.0
1180

o e
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Exp. 2 : Test 1
% Particle Size Distribution (data as is and smoothed)
gize |(size sereen screen gsereen u/f | screen
un class | w/f frac u/f oum ¥ | frac % u/f cun %
¥ o gmaoth gmooth
- 45 1 az.4 22.4 j22.2 22.2
- 45 2.4 24.9 2.4 24.6
- 53 _
L 53 3 2.4 27.3 204 2710
-~ 63 o
- 63 |4 3.9 3.2 3.9 a0.9
- 75 _ . _ _
+ 758 5 6.5 37.8 8.5 37.4
- L0@ .
+ 106 | 6 9.4 47.1 9.3 46.6
- 150 - :
+ 180 | 7 12,4 58.6 12.4 58.0
- 212
+ 212 |1 8 13.7 73.3 13.5 72.6
-~ 300 .
+ 300 79 15.3 88.6 15.2 87.7
- 425 _
+ 425 | 10 5.3 93,9 5.3 83.1
~ 500 |
+ 500 {11 3.5 87.3 3.6 96.7
- 6001 _ . _
+ 600 | 1z 2.0 99,4 2.1 9¢.9
- 850 _
+ 850 | 13 0.4 99.8 0.7 88,6
1180 . _ . ;
+ 14 0.2 100.0 0.4 100.0
1180
total | 100.0 100.0
| L s — —- e rerer—




Exp, 2 : Test 1

% Particle Bize Distribution (data as is and smoothed)

XA

gize slze sereen sgraen poreen sersen | screen screen

s class die. A dla. A dis. A dla, A {dis. B dis B
frac % cum % frae % cum ¥ traa & gum %

. _ smooth smooth _

- 45 1 2.8 2.8 3.1 . 3.1 | 2.5 2.5

+ 45 2 0.1 3.0 0.4 3.5 0.2 2.7

- 53 _ . .

+ B3 3 0.3 3.3 0.4 3.9 8.0 2.7

=~ 53 . __—

+ 63 4 8.6 3.8 0.7 4.6 0.4 3.0

- 75 1 . . .

+ 15 5 1.5 5,3 1.5 6.1 1.1 4.1

- L0 _ . .

+ 108 | 8 3.0 8.4 2.9 8.0 2.8 6.8

~ 150 . N . _ .

4+ 1BO | 7 5.9 14.2 5.7 14.% 5.3 11.9

- 212 _ . _ B

+ 212 | 8 9.0 23.2 8.6 23.3 4.5 20.4

- 300 ) ) .

+ 300 | 8 15.8 .l 15.4 38,7 15.8 15.2

w128 . . _

* 425 { 10 9.8 48.8 9.1 48.5 10.1 46,3

= 500 . ) .

+ 500 111 12.3 §1.1 12.4 6.9 13.3 59.8

- @600 | o .

+ 600 | 12 25.0 as.l 24.7 85.8 25.7 85.3

- B50 . . _

+ B50 | 13 10.1 96.2 10.3 85.8 14.4 84,9

1180 . .

* 14 3.8 100.0 4.2 1004 4.1 100.0

1189 o . . .

potal loa.40 104.0 100.0

N.BE. soreen discharge A ! primary dewatering preduct
sergen discharge B ¢ secondary dewatering product

21




Exp. 1 : Test 1
Geheral running conditions (data as is and smoothed
data)
———sl
cyclone §crean goraen
. underflow discharge underflow
golid t/hr 1.750 0.880 0.500
golid t/hr L1.728 1.233 0.4586
smoothed _
glurry t/hy 3.630 1,627 2,003
gmoothed _ .
% H20 sgurface 51.63 24.35 75,78
% H20 gurface 52.40 24,23 75.29
gmoothaed
% ash 19.40 21,10 2L.50
% ash smoothed | 19,54 18.79 21,41
polid golid H20 H20 ash agh
soreen screean surface surface geraen gorasen
inlat outlets saresn goreen inlet oubtlets
t/hx t/hy inlat outlets t/hre t/hr
) t/he t/hy _ _
1.728 1,728 1.902 1.902 0,338 0.338

20




th. 1

Tast 1

Detailed golid mass balance across unit screen for each
gize class

— . — .
size glze % size sureen % gize scresn
um class digtn, inlet distn. outlet
apraen t/hr goreen t/hy
inlek _ outlat L

= 45 LL.0 0.19 11.0 0.1%
- 45 2 0.9 0.018 0.9 0.018
- B3
+ 53 3 0.9 0.0155 0.9 0.01L88
-~ £3 .
+ 83 4 1.7 0.0293 1.7 0.0293
- 75 - 1 _
+ 75 - | 5 3.0 .05L3 3.0 0.0513

105 L _ _ . .
4 105 6 4.7 0.0805 4.7 0.0805
- 180 . .
+ 1850 7 7.0 0.121 7.0 0,121
- 212 _ _
+ 212 8 9.1 0.15% 9.1 0.1587
- 300
+ 300 9 l4.L Q.243 14,1 0.243
- 435
+ 425 i0 8.1 Q0,139 8.1 0.139
= 500 .
+ 500 11 10.1 0.174 10,1 0.174
- a00 _ —
+ 600 iz 18.7 0.324 18.7 0.324
~ BBD .
+ 850 13 7.7 0.132 7.7 0.132
« 1180 _ _ _
+ 1180 | 14 i.2 1 g.0561 3,2 0.0861

| e — —— ¢
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Exp. 1 :

Test 1

% Total Retentlon { data as is and smoothed data )

gine gize ¥ frac 2 oum ¥ frac & cum
utn clags raetention | retention | retention | retention
_ smooth smpooth

- 16,5 16.5 20.0 20,0
+ 45 12 22.5 16.9 23,0 20.3
- 53 _
+ 53 3 29.1 17.7 25.0 20.6
- 63 .

+ 63 4 20.3 17.9 28.4 21.5
- 78 _ . .
+ 75 - | B 33.5 20.7 33.4 23.5

105 _ L .
+ 105 G 42.7 25.5 42 .8 27.8
- 150 _ . .
+ 150 7 53,2 32.5 52,9 33.%
- 212 _ . .
+ 212 g 862.9 39,9 62.4 40.5
= 300

+ 300 |9 74.6 49.5 74.8 49.8
- 425 L . n .
+ 425 10 5.5 54,4 85.4 54.5
- 500 . . )
+ 500 i1 92.0 59.6 92,5 59.9
~ 600 _ .

+ 600 12 97.86 67.6 97.9 67.9
« 880 _ . _

4+ 850 i3 100.0 0,2 99,7 70.4
- 3,180 _ . .

+ 1180 | 14 100.0 7.3 88.7 7L.4
total 71.3 71,4

= o =~
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Exp. 1 : Test 1

% Particle Size Distribution (data as ig and smoothed)

glze | 8ize cyclone cyclone cyclone eyclone
um class |u/f frac u/f cum ¥ ju/f frac ¥ |u/f cum 3

_ % o gmooth smooth
- 45 11 0.6 10,6 11.0 11.0
- 45 2 0.8 11.4 0.9 11.9
=~ 53 _
+ 53 3 0.7 12.2 3.9 12.8
-.83 _ _

- 63 4 1.5 13.7 1.7 14.4
- "5 .
+ 75 |5 3.0 16.6 3.0 17.4
-~ 106 | _ _ _
+ 106 | & 4.7 2%1.3 4.7 22.1
- 150 -

+ 150 |7 7.2 28.5 7.0 29.1
- 212 ) _ .
+ 212 1 8 5.2 37.7 3.1 38.2
- 300 . .
+ 300 1|9 14.3 52.0 4.1 52,2
- 425 o .

4+ 425 1 10 8.2 60,2 B.1 60,3
=~ 500 _

+ 500 [ 11 5.9 70.0 10.1 70.4
= 600

+ 600 | 12 18.5 BE.G 18.7 89.1
- 850 .

+ BBD | 13 7.7 86.3 7.7 926.8
1180 .

* 14 3.7 100.0 3.2 100.0
1180

total _ 100,90 100.0
e e et e e ey R
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Run 7

% Particle Silze Distribution (data as is and gmoothed)

40

gize size soreen goraean soraen u/f | sereen

um alaps | u/f frac u/f cum &% | frac % uw/f cum %
% gmooth | gmeoth

- 45 11.5 1L.5 11.3 1.3

+ 45 2 1 2 12.7 1,3 12.8

- 53 i

+ 53 3 1.2 13.8 1.3 14.0

- 63 ) .

+ 63 4 1.9 158.% 2.0 16.0

- 75 _

+ 78 5 4.6 20.3 4.6 20,8

- 108 _

+ 106 | 6 7.8 27.4 7.5 28.1

= LBO | _ . _

+ 150 | 7 12.6 40.58 12.4 40,8

-« 212

+ 212 18 l6.8 57.2 16.6 57.4

- 300 _

300 (D 22.8 78.9 22.2 79.3

~ 425 _ . o

+ 425 | 10 8.8 ag.v 8.8 (R8.,1

- 500 _ _ N

+ 500 | 11 6.5 g8.2 6.5 g4.7

- 600 _

+ 600 | L2 4.2 99.4 4.4 99.0

- 850 . .

+ 850 | 13 0.4 99.8 0.7 l98.7

1180 N . ) B

* 14 8.2 100.0 0.3 100.0

2180 | .

tatal 104.0 _  100.0 _ |




Run 7

¢ Darticle Size Distribution (data as im and smaothad)

39

= = s
giza glze gorasn garoen perasn dizg | doxean
um clasg | dig frac dig cum & | frac % dig cum %
_ % gmooth smeokth
= 45 L 1.9 1.6 1.6
+ 45 P 0.0 0.2 1.8
= 53 - _

+ B3 3 0.0 1.8 0.2 2.0
= B3
+ B3 4 0.3 2.2 9.3 2.4
= 75 _ _
+ 78 5 0.6 2.8 0.8 3,1
_» 108
+ 1068 1 & 1.8 4,3 L.8 4.7
- 150 _ ]
+ 150 {7 5.9 8.2 3.7 8.4
- 212 _
4 212 |1 8 7.3 15.8 7.0 15.4
- 300 _ . .
+ 300 |9 15.8 31.3 15.3 30.7
= 438 _ |
+ 428 | 10 10.7 42.0 10.6 41,4
= 500 o i} _
+ 500 | 11 14.2 56.2 14.2 KK.,8
= 500 _ )
+ 600 | L2 28.5 84.7 28.9 B4.8
- 850 . .
+ BB0 | 13 10.8 05.8 11.1 05.8
1180 _ ’
o+ 14 4.8 100.0 4.8 100.0
| 1180 _

TR L RS i Rt e b |




Exp. 4 : Test i
General rumning condltlona (data as is and smoothed
data)

— 1 . . _ _ _
cyclone poreen soreen
undezflow digcharge underflow

gollid t/hr 2.080 1.000 0,700
golid t/he 1.830 1.127 0.703
guootlied _
gluryy t/hr 5,507 1.528 3,990
smoothed _ _ _
% H20 surface | 66,39 25,79 82.61L
¥ H20 surface §6.77 25.76 82.38
gnoothad
% asgh 17,98 16,231 19.80
{ % ash smoothed | 17.68 126,34 19.83
T e e et e = ——e ——~
= L e R e e e e e e
golid golid H20 H20 ash ash
soreen sSoroen Burface purface gurean goresn
inlat outlats goreen screen inlet outlets
t/he /e inlet ouklaty t/hr t/hy
_ b/he /s
1,830 1.830 10.324 0,324
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Exp. 4 : Test 1
Datailed solid mass balance acrogs unit screen for sach
gize class
size pize ¥ size screan ¥ mlze goraen
um class diskn. inlet distn. outlet
goreen t/hr serean t/hr
N inlet ouklet
- 45 1 11.4 0.209 11l.4 0,209
+ 45 1.0 0.0183 1.0 0.0%583
+ 53 3 1.1 0.0202 1.1 0.0202
~ B3 _ }
+ B3 4 1.4 0.0253 k.4 0.0253
- 75 1 . _
+ 75 « | 5 2.8 0.0604 2.8 0.0804
108 . » L )
o+ 105 & 4.6 D.083% 4.8 0.0837
- 150 _ _
+ LED 7 7.8 0.138 7.6 0,138
= 212 .
+ 212 8 10.3 0,188 10.3 £.388
- 3080 _ _ .
+ 300 9 16.0 0.293 16.0 D.293
- 425 : . _
4 425 10 B.4 0,154 8.4 0,154
= 500 _ . .
+ 500 11 10.0 0.182 1,0.0 0.182
= 600 ) _ _
+ 600 12 17.3 0,316 17.3 0,318
- 8EQ _
+ 8BQ 13 £.3 0,116 6.3 g.Lle
w L1B0 .
L+ 1180 ! 14 1.9 0,0357 1.9 0.0357
ol e s e S R




Bxp. 4 : Test 1

¥ Total Retention ( data ag ls and smoothed data )

gize giza % Erac % ocum % frac % cum
um clags retention | retention | retention | retention

_ o griaath gmooth
- 45 1 20.4 20.4 8.1 g.1

+ 45 2 21.2 20.5 11.0 8.3

- 53 _ _

+ B3 3 8.7 2%L.8 13.1 8.7

-~ 63

+ 63 4 259.9 22.6 15.9 9,4

a« 75 _ . .

+ %75 - |5 24.4 22.9 20,3 1.1

105 _ .

+ 108 6 36.6 28.7 25,9 4.1
- 150

+ 150 7 44 .1 30.4 36.58 19.8
- 212 _

+ 212 8 E6.3 7.1 50.2 27.8
- 300 _

+ 300 9 659.3 45,4 85.2 38.3
he 435 _ . .
+ 425 10 81.8 51.0 79.3 43,7
- 500 .

+ 500 11 87.% 55.8 86.7 19.4
-~ 500 _ — )
+ 600 12 95.9 83.1 96.1 58.2
= 850 . 5

+ 050 13 88.¢ 65,3 98.9 60.8
- 1180
o 1180 [ 14 100.90 658.9 99.6 5.8
togal _ 5.9 6L.6 - :

a8




BExp. 4 : Test 1
¥ Particle Size Distribution (data as is and smoothead)

. _ _ _ . _ _
glze |size cyclone cyclone cyclone ayelone
um ¢lags |[uw/f frac u/f cum % |u/f frac ¥ |u/f cum i

% gmooth | emooti
- 45 1 11.7 11,7 | 21,4 11l.4
+ A5 2 1.0 12.7 1.0 12,4
- 53
+ B3 3 1.0 13.7 1.1 13.5
- 63 _ . |
- 63 4 105 lﬁol 1&4 | 1419
=75 | _
+ T8 5 2.8 17.7 2.8 17.7
= 106 .
+ L06 | 6 4.7 22.4 4.6 22,13
- 150 _ . . .
+ 150 |7 7.6 30.2 7.8 29.8
- 212 _
+ 212 | 8 10.6 40,7 0.3 40,1
- 300 _ _
+ 300 |9 16.4 B7.1 16.0 56.1
- 478 | ~
+ 428 | 10 8.5 65.5 8.4 64.5
- E00
+ 500 | 11 9.9 75.4 16.0 74,4
- £00 _
+ 800 | 12 16.7 92.2 17.13 91.7
= BBO | _ .
+ 850 | 13 6.0 98.2 6.3 98.1
1180 _ . i
+ 14 1.8 100.0 1.9 L00.0
1180
wocal

35



Exp, 4 : Test L

% Particle Size Digtribution (data as is and smoothed)

34

glza glize gurean goreen gorean w/g goreer
um clags |u/f frac u/f eum % | frac¢ % u/f cum %
% | emootn _amoqth
+ 45 2.0 29.6 2.3 29,7
- 53 _ N _ _
+ 53 3 1.8 31,3 2,58 32.2
- 63 _
+ 63 4 3.0 34.3% 3.0 ag.2
- 75 . L
+ 78 5 5.8 40.1 5.7 40,9
-~ 108 | _ . . -
+ 108 | 6 8.8 48,8 8.8 49.8
- 150 _ . _
+ 150 | 7 12.8 Gl.4 12.5 62.3
- JL2 _ ) _
+ 212 |8 13.5 74.9 13.3 75,6
= 300 _ _ _
+ 300 {8 14.8 9.7 14.5 90.1
- 425 L .
+ 425 {10 4.8 94.3 4.5 94.6
- BO0 [ _ _ ne
+ 500 [ 2L 3.8 97.7 3.5 98.1
= 600 ) 1 _
+ 600 {12 2.0 85,17 1.7 99,8
- B8O | _
4+ BBD | 13 0.3 100.0 0.2 100.0
lLasgo | _
" 14 0.0 100,90 0.0 100.0
1Li80 _ L L
boba) | 100.4Q 100.0 _
e R e e ey T T o




Bxp. 4 ¢+ Tagt 1

% Particle Bize Distribution (data as ie and amoothed)

— ~—. P
aize ylze ,sureen screen sgtaen geresn | sereen gStean
um clazs dis. & dis. A dig. a dls. A | dis, B dig B

frac u cun % frac % aum % frae % cum %

) ) anooth gmooth ]
= 45 1 1.4 1.4 1.8 . 1.5 1.5 ) i.5
+ 45 2 0.0 1.4 0.2 1.7 0.1 1.8
=~ 53 L _ _ .
+ 53 a 0.1 1.5 0.2 1.8 0.1 1.8
~ 83 . . . ) )
+ B3 4 0.3 1.8 0.4 2.3 6.3 2.0
- 75 . o . . .
+ 15 g 0.8 2.8 0.5 3.2 1.0 3.0
=+ 108 | . . .
+ 208 | & 1.9 4.8 1.9 6.1 2.3 4.3
- 150 | _ . y
+ 150 | 1 4.5 8.0 4.5 8.6 4.9 10.2
= 212 el . N
+ 212 | 8 8.2 11.2 8.4 17.8 8.6 18.8
« 300 ) .
+ 300 | 9 16,8 34,1 17.0 34.9 le.9 315.7
= 425 [ . . .
+ 4285 | 10 10,8 44 .4 140.8 15,17 1%.8 46.8
- 500 _ _ 1. . .
+ 500 | 1% 14.1 59.0 14.0 58,1 14.0 60,58
- 600 . . o . .
+ BOO | 12 27.4 §6.3 27.0 B6.7 28,0 86.8
~ B50 .
+ 850 | 13 10.4 96,7 10,1 94,8 14.0 - 86.7%
1180 _ ) ) . -
* 14 3.3 100.0 3.2 100.0 3.3 100.0
1186 .
Eotal 100.0 _ _ 100.0 100.0
- - e ol — — .

N.8, soteen discharge A ¢ primary dewataring product.
gereen discharge B 1 gecondary dewatering produst

23




Exp. 3 : Test 1
General running conditions {(data as is and smoothed
data)
cyclane goreen goresn
underflow discharge underflow
salid t/hr 1.630 1,130 0.400
golid t/hr 1.627 i.227 0.400
gmoothed
glurzy t/hr 3.572 1.647 1.925
&' sothed .
$ H2Q surface 53.74 25,62 79.61
% H20 murface 54.45 25.580 79.42
smoothed _ .
% ash 18.23 17.08 22.31
u% agh smoothed | 18,36 17.08 22.30
golid polid H20 H20 agsh agh
soreen scraen surface purface serean sureen
inlat outlets sgreen sdreen inlet outlets
t/hy t/hr inlet outlets t/hx t/hx
_ /e t/hr _ e
L.a2% _ wl.sz'}' 1. 9458 1.9845 %99 0,299
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Exp. 3 : Test 1

Detailed solld mags balance apross unit sereen for each

31

gize ¢lass
e —_rar

size gize % glze goreean % size sorgen
um class digtn. inlet distn. cutlet

Screen t/hr Boreen t/hr

inlat _ outlet _
- 45 b 5.8 D.0914 E.6 0.0914
+ 45 0.7 0.0108 0.7 0.0L08
- 53 _ . .
+ 53 3 0.5 0.00875 0.8 0.00878
-~ 853 .
+ 63 4 1.2 0.43187 1.2 0.q107
- 15 _ .
+ 75 -~ | B 2.3 0.036%7 2.3 0.0367
105 L _ e
+ 1058 & 4.3 0.0700 4.3 0.07
~ 150 _ .
+ 150 7 8.1 0.132 8.1 0.132
- 212 _ _ _ _
+ 212 8 11.3 0.184 11.3 0..84
- 300 .
+ 300 2] 17,58 0,284 17.5 0.284
- 4325 _ .
+ 4258 10 9.2 0,149 8.2 0,145
- 500 . .
+ 500 1X 10,6 0.172 10.6 0.172
- 500 _ . .
+ 600 12 18.9 a.307 18,9 0.307
~ 850 .
+ 88D 13 7.2 0.117 7.2 0.117
~ 180 _ .
+ 1180 | 14 2.8 m?.OéEO 2.8 9.045




Bxp. 3

Test 1

% Total Retention ( data as is and smoothed daka )

glze gize % irac % oum % fErac % cum

um class retention | retention | retention | retention
_ smooth gmooth

-~ 45 26,9 26.8 24,5 24 .8

+ 45 4.7 25.2 27.2 24,8

- B3 .

+ 53 3 6.4 24.1 29.9 25.2

- B3 .

+ B3 4 18,3 23.3 33.1 26.4

- 75 _ _

108 _ .

+ 105 6 42.8 30.0 46.2 33.9

- 150

+ 150 |7 51.9 37.9 54.6 4.3

~ 212 . .

+ 212 8 62.4 46.2 63.8 48.8

- 300 | . _

+ 300 9 74.68 56.0 75.0 87.7

-~ 425

+ 425 10 85.2 60.58 85.3 aL.8

- 500 | . .

+ B0Q 11 82.0 65.4 91.7 86.3

- 600 . .

- @50 .

o+ B50 13 100.0 74.7 89.5 T4.7

- 1180 _

+ 1180 | 14 100.0 75.4 99,2 75.4

total 75.4 15.4
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Exp. 3 : Test 1

% Particle 8Size Distribution (data as is and smoothed)

gize |size gyclone cyclone cyclone gyclone
um class | u/f frac u/f cum % |u/f Frac % Ju/f cum %

% 3 gmooth gmooth
- 45 1 5-8 L. 5&8 . 5-6 | .. 506
+ 45 2 0.5 6.3 0.7 6.3
« B3 .
+ 53 3 0.4 6.7 0.5 6.8
- 63 _ _ _ .
- 63 4 1.0 7.7 l.2 8.0
- 75 _ _
+ 75 5 2.0 8,7 2.3 10.3
- 106 L .
+ 106 | 8 4.1 13.8 4.3 l4.6
- 150 _
+150 ¥ 7.8 21.6 8.1 22,7
- 213 _ _ .
+ 212 {8 11.0 32.6 11.3 34.0
- 300 _ . _
+ 300 | 9 17.3 49.9 17.5 51..8
~ 438 _ . o
% 425 | 10 9.1 59,8 9.2 60.6
- 500 _ _
+ 500 | 11 10.8 69.8 10.6 7L.2
~ 600 , -
+ 600 12 1.9.7 89.5 18.9 90.1
- 850
+ 850 | 13 7.6 97.1 7.2 97.2
1180 L )
+ 14 2.9 100.0 2.8 100.0
1180 . . .
otal 100.0 100.0

b o
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Bxp, 1 : Test 2
General running conditicng ( data as i and amoothed
data }
_ L S . __
tyclone gereen geraen u/f | thickenar

_ u/f digah. _ prod
golid 1,518 1..847%7 0.609 0.6837
t/hy
smoothad _

slurry 3.667 2.038 3.096 1.462
t/he
gmaokthed | _ .

¥ 420 59,79 23,78 79,84 56.89
gurfacs _ "

% HXO0 58,60 23.58 80.33 56,44
surfaeae

emootlad 3

T agh 20,40 18,10 22.32 13.80

% agh 21.03 17.59 22.02 13.62
gmosthed _ I - m::-.—:J‘
o spien) g Y —— ¢ b = a1 - - m
solld golid H20 H20 ash ash
Borean gurastl gurface gurface inlets outlet
inlet oubtlets sorean gorasn Bur@an garaan
t/hr t/he inlet outlets t/hr s/hr

_ k/hx | t/hy _
2,168 2,158 2.974 2.875 0.408 0.406

) e e R ey
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Bxp., 1 : Test 2

Detalled s0lid mass balance across unit screen for each

gizs alass

— L _ _ -
 gize glze % size sereen % size scraen
um class digtn. inlat dimtn, outlet

gorean t/hr goraen t/hy

_ _ dnlet _ - wutlet .
-~ 45 1 Ll.2 0,343 11.2 0.242
+ 45 2 1.8 0.0226 1.1 0.0226
« 53 _ - _ _ _
+ 53 3 1.4 0.0230 i.1 0.0230
-~ 53 N ) _ A
+ B3 4 1.8 0.0395 .8 0.0368
- 75
78 « 1 8§ 3.3 0.,0708 3.3 0.0709

108 _ _ _ . . .

+ 108 6 4.8 0.103 4.8 0.0103
= 150 . § _
+ 150 7 7.3 0.157 7.3 0.187
= 2%2 _ .
w212 | 9.2 0.197 9,2 g.188
« 300 - _ _ .
+ 300 8 13.8 0.298 13.8 0.208
- 425 _ _ . .
+ 428 30 8.3 0.179 8.3 g.179
« 500 . .
+ 500 1L 10.1 0.208 10.1 .28
-~ §00 . .
+ 80D 12 18.1 0.381 18.1 0.391
-« 850 _ _ _
4+ B8O 13 7.4 0,188 7.4 0.159
« 1,180 _
« 1180 | 14 2.6 __1o.0583 2.6 0,0563



Exp, 1 : Test 2

% Total Retention ( data as 18 and smoothed data )

B0

- = -

gize glze % frag % ocum % frac % eum

um clasgs rotantion | retention | retention | retention
_ groath gmookh

-1 26.1 26.1 27.5 27.5

+ 45 2 39.7 27.4 3.3 27.8

« B3 o

+ B3 3 27.5 27.4 32.8 38.2

- 63 _

+ 63 4 40.3 28.0 38.9 29,2

-~ 78 _

+ 78 = 18 47.4 32.8 42.4 3%.6

108 _ _ . _

+ 108 8 54.4 36.58 48,7 35.1

= 150 » _ . _

+ 1B0 7 59.6 42.1 57.0 40.3

- 213 _ o _ L

+ 212 8 66.3 47.8 64.4 45.9

- 300 | _

-~ 425 _ _ _ _

+ 425 130 84.0 | 58.6 3.1 6.9

= 500 _ _ .

+ 50O 1l 90.0 62.9 90.0 61.6

« 800 1

+ 600 12 96.2 69.4 96.8 68,7

- 850 .

+ 850 13 93.1 7L.B 99.9 7L.0

-~ 1.180 _

+ 1180 | 14 97,3 72.1 89.9 75.8

total

R M




Bxp, 1 : Test 2

¥ Particle Size Distribution {data asg is and smoothed)

49

. _ _ —
gize | size thickener | thickener | thickener thickener
um class | prod frac | prod cum prod frac prod aum

. & ¥ % gmooth ¥ amooth
-~ 45 23.8 23.9 N 24.0 24,0
+ 45 2.7 28.7 2.8 26.17
- B3 _ _ }
+ 53 3 2.2 28.9 2.1 28,8
- 63 _ _ .
+ 63 4 3.9 2.8 3.8 32.6
-~ 75 -
« 75 5 7.4 40.2 7.3 38.8
« 106 _ _ o
« 106 1 6 9,2 49.4 9.1 49,0
- 150 | _ " _ _
+ 150 | 7 2.3 61.7 12.1 6.1
= 213 _
+ 212 | 8 1.6 73.3 11.6 72.7
= 300 | " .
+ 300 |9 12.1 85.8 12.1 84.8
“ 425 _ _ _ .
+ 428 {10 4.5 90.1 4.5 89.2
~ 500 _ _ _
+ 500 | 11 3.9 94.0 3.9 93.1
- 500 _ _ _
+ 600 | 12 4.8 98.8 4.9 98,0
- BBO B _
+ B8B0 |13 1.0 99.7 1.5 99.8

1180 _ _

* 14 0.3 100.0 0.8 100.0
1180
tokal




Exp. 1 : Test 2

% Particle Size Distribution (data ag iy and smoothed)

48

glze | slze gyclona ¢gyclone cyclone cyclone
urt class |uw/f frac u/f cum ¥ |w/f frac & [u/f cum %
: % _ gniooth gmocth
- 45 1 8.5 . 8,9 5.9

+ 48 2 0.5 ' 0.4 6.2

- 53 _ _

+ B3 3 0.5 8.5 0.6 6.9

- &3 _

+ B3 4 1.0 7.5 1.0 7.9

= 75 . .

4% 75 5 1.9 9.4 1.8 9.5

= 106 | .

+« 106 { 6 3.1 12.5 2.9 12.4

~ 180 . _

+ 150 | 7 5.8 18,1 8.3 17.7

- 212 | _
w212 | 8 8.8 26.7 8.1 25,8

300 _ _

+ 30019 14.9 41.6 14.6 40.4

~ 428 . . -
+ 428 | 10 20.2 51,7 9.8 50.3

-~ 500 y .

+ 500 | 11 12.7 64.4 12.7 63.0

- 600

+ 800 { 12 231.0 87.4 23.7 86,7

- 850 s . _

+ BS0O ) 13 9.4 56,8 8.8 86.5
1180 _ _

+ 14 3.1 98.9 3.5 100.0

100.0




Exp. 1 : Teat 2

% Particle Size Distribution (data ag is and smoothed)

47

glze gliza garean gorasn persen u/f | scresn

um class | u/f frac u/f cum % | Erac % u/f oum %
% smoath Biooth

e 45 1 2900 X 2900 ZBIB 28'8

+ 45 2.5 31.58 2.8 3l.4

- B3

+ 53 3 2.6 34,1 2.5 33,9

= 83 . _

+ 63 4 4.0 38.1 4,1 38.0

- 75 .

+ 78 8 6.6 44,6 g 7 44,7

= 106

+ 106 | & 8.6 E3.2 8.7 3.4

-~ 150 . _ )

+ 180 | 7 1.0 64.2 1.1 64.5

= 212

+ 212 | 8 11.4 5.9 11.86 76.1

» 300 » _

+ 300198 13.0 88,7 13.2 89.13

- 428 _

+ 425 110 4.9 93.8 5.0 94,2

- 500} -

4 800 | 1% 3.6 87.2 3.6 97.9

- 600 ' .

+ GO0 {22 2.4 9.5 2,1 00,0

« BBO [ _

+ BBO | 13 0.2 g8.8 Q.0 168.0

1180 _

h 14 0.2 100.0 0.0 100.0

1186 _

total 100.0

iR el Es 5




Bxp. 1L : Test 2
% Partlcle Size Distribution (data as is and smoothed)

gilre Bian Soresh saraen sereah screen | screen apreean
utn elasg dis. A dig. A diz. A dis. A | dus. B dig B
frac % oum % frae % ounl % frac % oum %
) ) sueoth amooth ) ) .
- 45 11 4.9 4.7 4,3 . 1.3 4.7 1.7
+ 45 2 0.3 5.0 0.3 1.8 0.5 6,2
- B3 .
i 53 3 0.8 .2 N, 5.2 1.3 5.5
- 83 _ _ L .
+ 63 4 0.6 §.8 6.9 6.2 0.6 6.1
- 1§ . .
+ 15 8 1.7 1.5 1.9 B.1 1.8 8.0
- L0GE i} . . . -
+ 106 | 8 3.1 0.6 3.2 1.4 3.2 11.2
= 150 _ . . | .
+ 180 | 7 8.5 1s5.1 5.8 1.1 8.7 16.8
=~ 21% . . . N . .
L+ 232 | & 7.8 21.9 25.4 B.3 25.1
= 300 - {GJ
+ 300 | 9 13.8 3%.% 14.1 3an.4 14,7 39.8
= 425 _ | .
+ 425 1 10 9.4 17.1 8.8 4%.0 0.5 49.3
~ 508 _ " . . .
+ 500 | 11 2.7 59,8 12.7 61,7 la.¢ 5.8
« 600 . . .
+ 600 1 12 28.4 85,2 4.8 86,1 24.5 86.4
= BED ) . )
+ B8O | 13 lo,? 98.9 16.2 56,4 10.0 96.3
1180 _ . . o .
* 14 4,1 100,0 3.6 1000 3,7 100.0
1180 N _ . ' o
[ gotad § o 000 20000 ) 000

N.B., perset discharge A ¢ primary dewatoring product
pereen discharge 8 ! secendary dewatsring produst
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Run 7

General running condltlons (data as iz and smoothed

datal
i — e
c¢yclone | screen goreen cyclone | feed to

" u/f digch., [a/f o/f gyelone
solid 1.650 0.990 0.270 0.610 N.A,

t/ e .. _ .
golid 1.698 1.347 ¢.350 0,613 2.310
t/hr

gmoothad N

slurry 3.853 1.864 1.986 7.643 11,491
t/hr

gmoothad _ _

¥ H20 54,53 28,02 83.06 91,580 80.23
su¥face _

¥ H20 £5.83 27.74 82.38 91,98 79,90
surface

smoothed A

e e e —

golid golid H20 H20 golid solid
gorean gorean surface aurface inlets outlet
inlet outlets gcreen pCcreen to gump sump
t/hr t/hy inlet outlets g/hr t/he

. L/hy t/hr -
|1.698 11,697 2. [ 2,310
H20 H20 asolid golid H20 H20
surface murface cyclona gyclone surface gurface
aump BUNp inlet outtlets cyclona cydlone
inlats outlet t/hx t/hr inlat oublety
B/ t/hw , t/hr i /ha
9.183 9,181 2,310 2.311 19.181 [9.188
—— — T — -
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Run

7

% Total Retention ( data as is and amoothed data )

44

e e —— e —————""
glze gize % frac % ocum % frac % eum
um ¢laes retention | retention | retention | retantion

. . | smoath gnooth
- 45 27.4 2°7.4 35,4 35.4
+ 45 0.2 25,3 36.5 35.5
- 53 _ . .
+ 83 3 0.2 23.5 37.8 35.7
-~ §3 _
+ 83 4 33.86 24,9 ig.6 36.1
- 75 _ .
4« 78 ~ | B 22.3 24,3 39,7 36.9
105 - _ . _
+ 105K 6 34,1 27.2 44.0 28.0
- 150 .
+ 150 7 44.9 33.8 53.4 44 .3
- 212 _ B
w 212 B B4.5 41.8 62.0 50.9
-~ 300 - : -
+ 360 9 66.6 5.8 72.6 56.8
- 425 I .
w425 10 78.1 B7.0 82,3 64.3
= B00 _ _ . . _
+ 500 11 B6.,5 62.7 89.3 69.3
= 600 .
+ 600 12 04,9 71.3 96,2 76.8
-~ BEO . — _
+ 850 13 98.2 73.7 8e.4 78.6
- L180
+_llBO 14 98,6 74.5 898.4 75,3
total _ 74,58 79,3 _
e s = R o T TR, S e e e e T L




Run 7

¥ Particle Size Diptribution (data as is and smoothed)

— T T T
size gize faed to fead to feed to foed Lo
um class | eyclone cyclong oyclona gyclone
frac % aum % fraa % cum %
o ginooth anooth
-« 45 L 8.5 9.0 9.0
+ 45 10.1 1.0 10,0
- B3
4+ B3 3 0.7 10.8 0.9 10.8
- 63 .
+ B3 4 1.1 11.9 1.3 12.1
- 75 .
+ 75 5 2.5 14.4 2.8 14.9
~ 106 _ _
+ 106 | & 4.3 18.7 4.4 19.3
~ 150 .
+ 150 | 7 7.2 25.9 7.4 26.7
- 212 .
+ 212 | 8 10.0 5.8 10.0 36.7
= 300 | _
+ 300109 16.2 52.0 16.0 52.6
- 425 _
+ 425 [ 10 B.8 60.5 8.8 1.5
- 500
+ 500 | 11 10.8 71.7 10.4 7.8
« 800 _
+ 600 | 12 19.5 91.2 18.6 50.5
- 850 _ .
+ BRD | 13 6.7 87.% 6.8 97.3
1180 _
o 14 2.1 100.0 2.7 100.0
1180
total 100.0 106.0
e ey — - e ——— ]
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Run 7

% Particle Size Distribution {data as iz and smoothed)

42

glze Bize cyclone ayclone eyclone gyclone

um class | o/f frac of/f cum ¥ |o/f frac % |o/f cum &
_ % gmooth gmooth
~ 45 1 24.0 24.0 23.8 23.8

+ 45 2.5 26.4 2.6 26.4

~ 53 _ _ .

+ 53 |3 1.9 28,3 2.0 28.4

-~ 83 _

+ 63 |4 2.9 31.2 2.9 31.3

- 75

+ 78 5 6.2 37.4 6.1 37.5

- 106 _ .

+ 10A6 | 6 9.0 46 .4 8.9 46,4

« 150 )

+ 150 | 7 12,7 59,1 12.8 58.9

- 212 .

+ 212 | 8 13,0 7.1 12.9 71.8

=~ 300 _ _

+ 300 9 14.0 86,1 13.8 B5.86

_~ 425

+ 425 {10 4.9 91,0 4.9 80.5

- 500 . _ _

+ 500 {11 4.2 95.2 4.3 94 .8

- 600 .

+ 600 | 12 3.9 99,1 4.1 98.9

-~ 850 _

+ BHO | 13 0.8 99,7 0.8 ¥9.7

1180 | _ _

+ 14 0.2 100.0 0.3 00,0

1180

kotal 100.0 100,90 _ _




Run 7

% Particle Size Distribution (data as is and swoothed)

glze | aslze cyclone cyclone cyclone cyclone
um class ju/f frac u/f cum ¥ |u/f frac ¥ |u/f cum %
% smooth gmoot.h

- 45 1 2.8 2.8 3.6 3.8

+ 45 2 0.4 3.3 0.4 4.0

- 53 _ . _ .

+ 53 3 0.3 3.6 0.4 4.8
- B3 _

+ 63 |4 6.9 4.4 0.7 5.2

~ 78 1

+ 75 5 1.4 5.8 1.6 6.7
W 108 _ 1

+ 10616 2.7 B.5 2.8 .

- 150 .

+ 15Q § 7 5.4 14,0 5.5 15.0
- 212 _ . .

+ 212 1 8 8.8 22.8 9.0 24.0
= 300 _ _

+ 30059 16.5 8.3 16.7 40.8
- 438 _ _ _ . -

+ 428 |10 10.4 49.7 10.2 51.0
_= 500 o

+ 500 | 11 12.8 62.5 12.7 63.7
- 6800 _ .

+ 600 | 12 24 .4 86.9 23.8 87.8
; - B8O | . . .

4+ 880 |13 9.4 96.3 8.9 96.4
1180 _ . "

+ 14 3.7 100.0 3.6 100.0Q
1180 ) _

total 100.0 100.0

Tt T Y - e
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Exp., 2 !

Test 2

% Total Retention ( data as is and smoothaed data )

64

— e —
slze size ¢ frac % oum % frac % eunm
um class retention | retention | retention | retention

] gmonth smaoth
- 45 36.8 36.8 39.2 39.2
+ 45 8.7 34.6 40.9 39.4
- 53 _
+ 853 3 10.¢& 33,2 43.8 39.8

- 63
+ 63 4 20.2 31.7 46.4 40.8
- 715 .
+ 75 - | 5 47.58 34.8 52.9 43,1

1G5 . _
+ 1045 6 50.3 38.4 87.5 46.5

_~ 150 .

+ 150 7 60.2 44 .7 65.0 BL.7
- 312 o
o+ 212 8 66.2 £0.8 70.5 56.8
-~ 300 .

% 300 9 76.7 58.4 78.9 3.2
= 428 _
+ 435 |10 86.4 62,5 86 .7 6.4

=~ 500 _ . . .

4 BDD 11 82.8 87.0 02.4 70.0
-~ 600 _
+ 600 12 97.4 73.5 96,7 75.1
- 850
+ 8950 13 98.8 75,8 96,9 76,8
= 1180 ) .
+ 11BO [ 14 100.0 76,1 97.7 77.0
botal 6.1 N 77.0 _



Exp. 2 : Test 2
% Particle Size Digtribution (data as is and smoothed)
glze | aize thickansr | thickener | thickener vhickener
un clags | prod frac |prod cum prod frac prod cum
¥ . % . % smooti % smooth
- 45 L 28.9 28,9 28.4 28,4
w 45 2 3.8 12.4 3.8 32.0
~« 53
+ §3 3 2.5 34.9 2.6 34.6
-~ B3 1
+ 63 4 4.9 30.8 4.,% 3ig.8
- 75 . :
+« 78 5 7.4 47,3 7.4 6.9
~ 1068 " _
+ 106 | & 10.9 58.1 16.9 B7.8
- 1850 | _
¢ L80 | 7 13.7 7L..48 13.6 1.4
- 212 ) .
+ 212 |8 11.3 83.% 11.3 82.8
« 300 .
+ 300 |9 9.2 92.3 9.3 92.0
~ 425 _ _
+ 425 { 10 2.8 85.1 2,9 94,9
= 500 1 _ _ _ i
+ BOO { 11 2.1 97.2 2.1 97.1
= G00 _
o 600 12 2'1 99!3 2'0 9900
= 880 ( _ _
+ 880 | 13 g.7 100.0 0.9 29.9
L1L&0
" 14 0.0 100.0 0.2 100.0
1180 .
potal 100.0 300,0
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Bxp. 2 : Test 2

¥ Particle Size Distribution (data as ls zad gmoothed)

e e e e T
glze |asize ayclonsg ¢yclone cyclone cyclone
um glass |u/f Erac u/f cum ¥ |u/f frac & |uw/E oum %
_ _ % ) gmosth gmooth
- 45 5.9 5,9 5.6 B.6_

+ 45 2 0.3 6.2 0.7 G.4
- 53 _ .
+ B3 3 ¢.3 6.5 0.7 7.1
- B3 .
+ 63 4 0.8 7.3 1.5 8.5
- 18 1 .
+ 78 5 2.1 8.5 2.3 10.8
- 106 | . .
+ 106 | 6 3.4 12.9 3.9 14,7
~ 150 _ _ _
+ 150 | 7 6.7 19.6 7.2 21.9
- 212 | .
+ 212 |8 8.6 29.2 10.4 32.13
= 300 _ _ s
+ 30019 16.3 45,8 16.8 45.2
= 425
+ 428 | 10 9.6 55,1 9.5 58.8
- 500 | .
+ 800 t 11 11.7 Gg.9 11.3 Tu,l
= 600 _ .
+ 600 | 12 21.5 88.4 19.7 89,8
- 850 _ _
+ 850 {13 B.6 97.1 7.6 87.4
1180 _
* 14 2.9 100.0 2.6 100.0
1180 _ )
. total 100.0 10¢.0

T e e e iAot — P —
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Exp, 2 : Tegt 2
% Particle Size Distribution (data as ig and smoobkhed)

o e N _ » _ L .
gize | size serean goraen gcreen u/f iscraen
U alase | uw/f £rac u/f cum % | frac % u/f oum %

_ % _ grooth, 1 gmooth
« 45 I 23,2 AR, 2 22.9 22.8
+ 45 2 2.8 26.0 2.9 25.8
- B3 _ ) .
4+ 53 3 2.2 28.2 2.3 28.1
~ 63 _ _ . _ .
4+ &3 4 4.8 32,7 1.5 32.6
- T8 _ _
L1 75 5 Gll 38!8 6;1 3817
« 1,06 _ _ | - _
+ .06 | 6 9.1 47.8 8.2 47 .6
m 250 5 _ _ . } »
+ 180 | 7 12.6 60.5 12.3 89.9
- 212 B . _ .
+ 212 | 8 13.9 74.4 13.5 73.5
-~ 300 _ .
+ 300 |9 18,0 Bg.4 4.6 88,31
- 425 1
+ 428 ) 10 5.0 94.4 5.0 91.1
- 500 _ _ _
+ 500 711 3.2 87.6 3.3 96.4
-~ GO0 _ . | . . b
+ 600 | 12 2.0 9.6 2.5 98,9
- 8580 _ _ _ _
+ 8BGO | 13 0.4 100.0 g.9 99.8
1180 . .
+ 14 0.0 180.0 0.2 100.0

1180 _ _ _

Lotal, 100.,0 100.0

L e e T e e, = ]
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% Particla Size Digtpibution (data as is and smoothed)

Bxp, 2 :

Tagt 2

gige dizg aaresn goraern sereah gareen | seresn gareey
um ulags dis. A dis. A dig. A dig. A | dis, B disg B
frac % oum frue % [ Th frag % [T
) ameoith shieoth

- 45 11 4.2 4.5 4.4 4.4 4.8 4.0
+ 45 a 0.4 4.6 0.8 5.0 0.4 4.4
- 53 )
+ A3 3 0.4 5.0 1,5 5.5 .4 4.8
= B3
+ 83 q 0.8 5.8 1.2 6.7 0.8 5.8
- 15 .
+ 15 B 2.1 1.4 a.0 B.7 1.9 T4
= 108 .
+ 106 | 8 4.0 11.9 3.8 12.3 3.4 Ll.3
~ 150
+ 150 | ¥ 7.4 19.2 6.8 19.1 B.1 7.9
- 212 .
+ 2l2 119 10,8 29.8 9,6 28.7 9.9 27.8
~ 30 _
# 300 19 1.3 47.0 6.3 48.8 16.8 44,7
« AR5 .
+ 425 | 10 9.% 86,9 9,7 B4.8 10.1 54.8
- 500
+ 500 | 11 12.0 68,9 12.1 66,9 12,0 66.8
= Q0 .
+ 600 | 12 20.9 Bg.9 al1.8 88.7 al.s 88,7
« Q80 | .
+ BHC | L3 e 97,8 8.4 97,4 B.2 96,9
1180 _ N
* hY| 2.5 160.0 2.9 100.0 3.1 100,00
1180 -
kokal L}GO.G 1 100.0 100.0

R =

N.B. gcreen discharge A

aoreen dischatge B

t primary dewatering product

secondary dewatexing proeduct
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Exp. 1 : Test 3

General running conditions (data as is and smoothed

data)
cyclone screen scresn u/f | thliockeher

_ u/E digeh, » prod
golid 1.450 0.910 0.500 0.230
t/hr as
ig .
golid 1.451 1.180 D.498 0,235
t/hy
snoothed
slurry 3.79] 1.582 2.734 0.528
t/hr
gmoothed _ _ _
% H20 8L.20 24,87 g2.20 55,20
surface N _ . .
% H20 61.72 [ 24,80 B1.86 85,24
surface
smoothed _ _ _
% agh 18.30 17.70 21.50 13.60
% ash  [19.26 17.2% 21.49 13.60
gmoothed . _ _ o
Lo — — -~ —

_ . )

golld golid H20 R20 ash agh
goreen sqraen gurface purface inlets cutilet
inlet outlets gdrean screen goraen goraen
t/hr t/he inlet outlets &/ hr t/he
_ _ _ t/be t/he _ _
Ll.686 ] 1.688 2.630 2.631 0,31} 0.31% .
T T it !
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Bxp. 1 : Test 3
Detalled solid wuse balance across unit screen for each
glze ¢lass
gize gize % Bize goraern % gize goraen
uri clasa digtn, inlet digtn, outlet:
goreen t/hr soreen t/hy
inlat ) oubtlat _ _
- 45 1 9.4 0,154 9.4 0.159
+ 45 2 1.0 ¢.0164 1.0 0.0164
- 53 _ _
+ B3 3 6.9 ¢.0L15L 0.9 0.0151
-« B3 _ .
4+ 63 4 1.4 0.0319 1.9 0.0319
- 18 . .
+ 78 - | 5 2.7 0.0449 2.7 0.0449
105 L
+ 108 6 4.3 0.07L9 4.3 0.0715
-~ 150 _ _
+ 150 9 6.7 0.1L3 6.7 0.113
- 212 )
+ 212 8 9.3 0.186 9.3 0.156
~ 100 _
+ 300 2] 14.9 0.251 14.9 0.251
= 425 . o . .
+ 425 10 8.7 0.147 8,7 0.147
-« 500 _ i
+ 500 11 10.4 0,175 10.4 0.175
- &340 _ _ _ _ _ _
+ a0 12 15.14 0.323 19.1 0.323
- B850 - )
+ 850 13 7.7 0.129 7.7 0.129
~ 1180 o -
+ 1480 | 14 13,1 0.0527 3.1 0.0527
e e
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Bxp., 1 : Test 2

% Total Retention ( data am ig and gmoothed data )

57

gize glze ¥ frac % pum ¥ frac % oum
um clags ratention | retention | retention | retention
. _ _ ghrooth gmooth

- 45 16.8 16.8 25 9 25.9
+ 45 2.3 15.3 26.5 25.9

= B3

+ 53 3 16,2 15.3 29.8 26.2
- 63

+ g3 4 18,5 15,7 32.6 27.%
- 78

+ 75 - | B 37.1 19.7 36.0 28.6
105 _ .

+ 105 & 41.8 24,7 43 .5 Jjr. 8
=~ 150

+ 150 7 850.% 31.6 50,7 36.5
-~ 212

+ 212 8 58.1 38.7 58.5 42 .1
- 300 _ .

+ 300 g 70.3 48.3 70.0 KG.3
« 425 . _ .

+ 425 106 8L.3 B3.3 BG.5 54,7
- 500 _ :

+ 500 14 88.% 59.8 88.3 §9.7
- 600 | _ _ _
+ 600 12 96.2 67.2 98.§ 67.4
- B850 . )

+ BBD 13 98.8 £9.7 87.8 69.8
- L1BO

+ 1180 | 14 26,9 70.86 98.1 70.6

total - 70.6 70.6




Exp. 1

: Test 3

% Particle 8ize Distribution {(data as is and smoothed)

—

gize size thickener | thickener | thickener thickenar
utn c¢lase | prod frac | prod cum prod frac prod cum
% 5 % smooth ¥ smooth
- 45 25.2 25,2 25.0 25.0
+ 45 2.8 28.0 2,9 27.9
- 53 _
+ 53 3 2.3 30.3 2.4 30.2
- 83 B
+ 63 4 5.0 35.3 5.0 35.2
- 78 _ .
+ 75 8 7.8 42 .9 7.8 42 .8
- 106 _
+ 106 |6 10.5 53.4 10.4 £53.2
- 180 _ _
+ 150 | 7 13.3 66,7 13.2 66.4
- 121 _
+ 212 | 8 1.8 78.6 11.9 78.3
- 300 [ _
+ 300 |8 L. 85.8 11.0 89.3
|~ 435 | . .
+ 425 | 10 3.6 93.3 3.7 93.04
~ 500 .
« 500 | 11 2,9 96.3 2.9 85.9
- 600
+ 600 | 12 2.9 99.2 2.9 98.8
- 350 _
+ 850 | 13 0.5 99.7 0.7 89.6
1180 _
* 14 0.3 i00.0 0.4 100.0
1180 .
botal 100.0 100G.0
T i ——

56




Exp. 1

: Teagt 3

¥ Particle Size Distribution {(data as is and smoothed)

gize gilze cyclone cyclone cyclone oyolone
ur elass | u/f Frac u/f cum % ju/f frac % |w/f cum %

3 % gmooth smocth
- 45 |11 6.0 6.9 6.9
- 45 0.5 0.7 .6
o~ 53 _ .
+ B3 3 0.5 7.0 0.7 8.2
- 63
+ &3 4 1.2 B.§ 1.4 9.6
~ 75 _ L
+ 75 |5 1.9 9.8 1.9 11.5
- 106 _ _
+ 106 | & 3.2 13.0 3.3 14.8
-~ 1850 |
+ 180 | 7 5.7 1.8.7 5.7 20.4
- 232 | _ .
+ 212 | 8 8.8 27.4 8.8 29.2
= 300 _
+ 300 (9 15.8 43,3 15.5 44.8
- 425 | _ . _
+ 425 Lo 2,7 BE3.0 8.5 54,3
~ 504 _
w 500 |11 11.9 64.9 11.6 65.9
- 600 ] . _
+ 600 |12 22.6 87.5 21.8 B7.7
- 850 _ . _
+ BBD {13 9.0 96.8 8.8 96.4
1180 . _
+ 14 3.5 100.0 3.6 100.0
1180 .
total ! 100.0 100.0

e
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Exp. 1 : Test 3

% Particle Size Distribution (data as iy and smoothed)

gize size goreen sereen gorean u/f | screen

um clasg | u/f Erac u/f cum % | frac % u/f cum %
% _ _ gmooth smooth

- 45 1 24 .4 24 .4 23.8 23.8

+ 45 2.7 27.1 2.4 26.2

- 83

+ 53 3 2.1 29.2 2.1 28.3

- 63 _ _

+ 63 4 4.2 33.4 4.3 33.7

- 78 _

+ 75 B 5.7 35.1 5.8 38.58

- 106 _ _ _

+ 106 | 6 8.2 47.3 8.2 46.6

- 150 | _ _

+ 150 | 7 11.3 58.6 11.2 57.9

- 212 _

+ 212 | 8 13.1 1.7 13.1 7.0

- 300 .

+ 30N | & 15.3 87.1 15.2 86.1

- 425 _

+ 425 | 40 5.7 92.% 5.8 91.9

~ 500 _ . .

+ 500 |11 4.0 6.8 ‘e 86.L

~ 600

+ 600 | 12 2.6 59.4 2.8 28.9

« 850 ) .

+ B850 ;13 0.3 9.7 0.6 88.5

1180 _ _ _ " _

+* 14 0.3 100.0 0.5 100.0

1180

total 1.00,0 100.0
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Exp. 1 : Test 3

% Particle 8ize Distribution {(data as is and smoothed)

size size goereaen sprean acreen scrkaen screan scresan

un class dis. A dis. & dis. A dis. A | dis. B dis B
frac % cum % frac % oum % frac % cum %

| amooth siooth

~ 45 L 1.2 4,2 1 3.5 . 3.5 3.8 3.8

+ 45 2 0.2 4.4 0.4 3.8 0.2 4.0

- 53 )

4 53 3 0.2 4.7 0.4 4.2 0.2 4.2

- 63 _ )

+ &3 4 0.5 5.1 0.9 5.1 0.4 4.6

- 15 . 1 .

4+ 75 5 1.2 6.3 1.4 6.4 L.1 5.8

- 106 ) .

+ 106 | & 2.6 8.8 2.6 8.1 2.3 7.9

~ 150 _ .

+ 150 | 7 4.4 13,6 4.8 13.9 4.6 12.5

- 212

+ 212 | 8 7.8 21.4 7.1 21.5 7.3 19.8

=~ 300 )

+ 300 | 9 4.9 36.3 14.8 36.3 14,6 34.4

- 428 | . ) .

+ 425 { 10 io.0 46.2 1v.0 4€.3 10.1 44.5

- 500

+ BOD J 11 13.0 59,4 13.0 59,3 13.8 58.2

- 600

+ 800 | 12 26.2 BH.6 25,9 85.2 26.%9 85.1

- B50 _ ) 1.

+ B50 | 13 10.6 9.2 1¢.46 95.8 1p.4 85.5

11858 ) . . .

* 14 3,8 100.0 4,2 100.0 4.5 100.0

1l o !

total 100.0 100.0 1 100.0

primary dewatering product

N.B. scresen discharge B
sacondary dewatering product

sureen discharge B
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Exp. 2 1 Test 3
General running conditions (data as is and smoothed
data)
cyclone goreen soreen u/f | thickenaz
_ u/f disgch, prod
solid 1.5880 0.820 0.390 0.200
t/hr asg
ia _
golid 1.443 1.288 0.367 0.211
t/hr
gucothed, N
slurzy 3.070 1.722 1.948% 0.594
t/hy
gsmoothed
% H20 B2.94 25,23 81.17 64,46
surface -
% H20 53.00 25.22 - A 64.47
surface
gmoothad _
% ash 18.38 16,88 21.88 12.93
% ash 18.68 14,82 21.88 12.93
BmQOthad - w
R ETNR R
P et T S R i S e I e SN, —— - T s Badp e et ey
golid gpolid Ha20 H20 agh agh
gareen gareen gsurface surface inlats outlek
inlet outlets soresn screan poresn soraen
t/hx e/hy inlet outlets t/he t/he
L _ t/he t/hx _
1,654 1,655 2.010 2,012 @Jé;,‘?.?;lm 0,297
m"‘r‘ 2 mm




Bap, 2 @ Test 32
Detailed golld mass balance acrogs unit screen for each
glze olasg
_ _ e L .
size gize % slze gorasn ¥ gize Beroen
un class distn, inlet dlastn, outlet
gorasn t/he gorasn t/hr
_ inlet gub.let
-« B3 . .
4 B3 3 0.6 0.00998 0.8 0.00999
= 63 _
+ B3 4 1.7 0.0273 1.7 0.0274
- 75 | _ .
+ 75 -~ | & 2,2 0.0366 2.2 0.0368
106 _ _ .
+ 108 8 4,2 0.0696 4.2 0.089%
- 150 | :
+ 180 7 8.2 0.135 g.2 0.135
- 312 _ . _
4+ 212 8 11.5 0,190 i1.8 0,180
= 300 » .
. 300 2] 17.5 0.290 17 .8 0.290
« 428 . . . o
+ 428 10 8.5 ¢.148 8.9 0,148
-~ 500 _ .
+ BQO 11 310.8 0.178 10,86 0.17%
= 600 . _
+ @00 12 18.1 G.300 18,1 0.300
= B850 _ o . .
850 13 6.9 0.114 6.9 0.114
0,0404
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Bxp. 2 :

Tegt 3

¥ Total Reotention { data as is and smoothed data )

71

. .
slze glza % Frac % cum % frac ¥ oum

utm ¢clasy ratention | retention | retention | retention

smogth gmooth

- 48 26 .4 26,4 36,1 26.1

+ 45 38.8 28.2 317.4 36,2

= 53 _

- 83 _ o

+ 63 4 5.6 26.5 4%.9 i7.5

- ?'é_

4 76 =~ | B 49.0 3.8 48 .4 39.¢

105

+ 108 8 53,9 38.0 53.1 42.8

-« 150 -

+ 150 7 63,1 47.1 61..8 49.3

- 242

% 212 8 69.4 54.6 68.8 BE.6

- 300 . _ -
+ 300 g 78.0 2.9 78,4 63.0

- 428 | _ _ _

+ 425 10 B7.4 66.5 at.a 66.5

« 500 _

+ BOO 11 92.0 70.3 9l.8 70.2

= 800 ) _ _ _

+ 600 12 97.3 75.8 87,3 8.8

~ B850 _ _

+ 880 13 99 .4 7.3 99 .8 7.3

- 1180 _

+ 1180 ) 14 98.1 7.8 89,3 77.9
total 77 8 _ 77.9 .
e T e i s T T L L L S s e




Oxp. 2 : Test 3

¥ Total Retention ( data ag ls »nd smoothed data )

glize slze % frac % cum & frac ¥ ooum
um alass retantion | retention | retention | retention

N _ _ pmaoth gsmeokh

nd 45 26.4 26-4 3651 36-1
% 45 38.8 28.2 37.4 36.2
-~ B3

+ B3 3 44 .5 20.8 40.1 36,5
- 63 »
|+ 83 4 5.6 26.5 41.9 37.5
« 758 _ _

+ 75 « | B 49.0 21.5 45.4 39,0

108 _ .

+ 108 ) E3.9 38.8 53.1 42 .8
-~ 130

+ 150 i 63.1 47.1 6l.8 49,3
- 212 .

+ 212 8 69.4 54,6 G&.8 BG.6
» 300 :

+ 300 |9 79.0 62.9 78.1 63.0
= 428 . .
+ 428 10 87.4 6.5 87.1 £6.5
- 300 L _ . . .
+ BOO 13 g2.0 70.3 91.8 70,2
- 800 ,

+ 600 12 97.3 75.8 97.3 15.6
~ B850 — . _

+ BBG 13 89.4 7.3 9.8 77.3
- L180

+ LLBO | 14 98,1 77.8 89.3% 7.9
total 77.8 77.9 _
T T D e e A S e —r e e e e e

7
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Bxp., 2 : Teat 3
¥ Particle Size Digecribubion (data ae is and smoothed)
glze gLz thigkener | thiokensr | thickenaer thickenar
um clags | prod frac | prod cum prod frac prod oum
% R _ % smqath_ % smooth
« 45 1.9.4 19.4 19.5 19.8%
+ 45 2.6 22.0 2.5 22.0
= 53 _ .
+ 53 3 2.0 24.0 1.9 24.0
- 63 _ L
+ 83 4 3.8 27.8 3.8 27.8
~ T8 _ _
+ 78 5 5.4 33.2 5.3 33.1
= 106 .
+ 10616 9.2 42.8 9.2 43.3
- 150 | _ . - .
+ LBO [ 7 12.8 56.3 13.7 56.0
- 212 _ .
+ 212 | 8 14.1 0.3 14.0 70.0
- 300 | o .
+ 30019 14.4 84 .9 14.5 84,5
- 438 _ . . .
4 425 | 10 4.9 89.8 4.9 89.4
- 500 . o
+ 500 { 11 4.3 94,1 4.3 g83.¢6
- 800 ) ]
» 600 112 4.9 99.0 4.8 98.8
- 880 . -
+« B850 | 13 1.0 i00.0 1.5 100.0
1180
" 14 0.0 100.0 Q0.0 100.0
1180 _ o
tocal 100.0 100.0 _ .
R e o e e i L e e ]




Bxp.

2

: Tegt 3

% Particle Size Digtribution (data as is and smoothed)

70

m-:w-mf : : T . N
gize gize thickener | thickener | thickenex thieckenar
um clasg | prod frac | prod cum prod frac prod cum
_ . & % _ % BEmaoth % emooth
+ 45 2 2.6 22.0 2.5 22.0
-~ 53 _ _ .

+ B3 3 2.0 24.0 1.9 24.0
-~ 83 _ .

+ 63 4 3.8 27.9 3.8 27.8
- 18 _ _ _ _ _
+ 75 5 5.4 33.2 5.3 3.2
- 106 | _ -
. 206 |6 5.2 42 .8 8.2 42,3
~ 150 : .

+ 180 | 7 13.8 B&.3 13.7 E6.0
- 212 _ -
+ 212 | 8 14.1 70.3 4.0 70.0
-~ 300 ] _

» 30019 14.6 84.9 1.5 84.5
= 425 _ o ”

+ 428 | 10 4.9 89.8 4.9 89.4
= 5QQ ) _ 3

+ 500 | 11 4.3 94,1 4.3 93.6
- G600 _ .

4+ 600 | 12 4,9 99,0 4,8 98.5

f - 850 _ . _ _

+ B850 | 13 1.0 100.0 1.5 100.0
1180

+ 14 0.0 100.0 0.0 100.0
11.80

total 100.0




Exp., 2 : Test 3

% Particle Size Digtribution (data as ig and smoothed)

69

e S
size |eize cyclona cyclone cyclone ¢yclone
um ¢lags {u/f frae W/E cun ¥ (u/f frae & [ u/f cum %
_ % B gmookh gmooth
- 45 3.6 3.8 4.3 4.3
+ 45 0.7 a.7 5,0
= 53 |
+ B3 3 0.5 4.8 0.4 5.4
- B3 _ .
+ B3 4 0.7 5.6 1.3 6.7
- 75 _
+ 75 18 1.9 7.5 1.8 8.5
- 106 _ L
+ L06 | 6 3.6 11.% 3,8 11.9
- 180 _ _
+ 15017 7.7 l8.8 7.4 19.3
- 212 | .
+ 312 8 1l.4 30.2 1.2 30.4
= 300 _ . .
+ 30019 18.8 48.8 18.0 48.4
~ 425 o - _ i
4 #3235 1 10 9.7 58.5 9.5 57.9
- 500 .
+ 800 | 11 11:.6 70.0 11.5 69.4
- 600 _ . .
+ 600 | 12 20.3 80,3 20,1 £9.5
- 880 | . .
+ B&0O | 13 7.2 97,6 7.7 97.2
1189 . .
+ 14 2.4 100.0 2.8 100.0
1180 .
total - 100.0 _ 100.0




EXp.

2

t Tesy 3

¥ Particle Size Distribution (data as 1ls and smoothed)

slze | aize Hereen goreen screen u/f | screan
um class |u/f frac uw/f cum % | frac % u/f cum %
_ % ) _ gmooth smooth
-« 45 1 18.1 8.1 17.9 17.5
+ 45 2.8 20.7 2.6 20.%
- B3 .
+ B3 3 1.7 22.3 1.6 22.4
- 53 . .
+ 63 4 4.6 26.9 4,3 26.5
- 75 _ .
+ 78 5 5.4 32.3 5.4 32.0
~ 1086
+ 106 | 8 8.9 41,1 8.9 40.9
~ 150 _ .
+ 150 {7 14.0 BE.2 i4.1 5.0
- 212
+ 212 18 16.1 1.2 16.2 74.1
- 300 _ 3
+ 300 | 9 17.2 88.4 17.3 88.5
-~ 425 _ _ _ _
+ 428 | 10 5,2 93.8 5.2 83,7
- BOQ _ . .
+ 500 { 11 3.9 97.4 3.9 97.4
- 5§00 L _
+ 600 112 2.2 99,8 2.2 89.8
- 850 _ _
+ BBO |13 0.2 99.8 0,1 94.8
1180 . _
o 14 0.2 100.0 0.1 100.0
1L80 _
total 1040.0 00,0
o e —
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Exp. 2

: Tegt 3

% Particle Size Digtribution {data as iz and smoothed)

gize slze soraen goreen screen u/f gorean
um class | u/f frac uw/f cum % | frac % u/f cum %
_ % smocth gooth
- 45 1 18,1 18.1 7.8 17.5
+ 45 2.6 20.7 2.8 20.8
« 53
+ B3 3 1.7 22.3 1.6 22.2
- 63
+ B3 4 4.6 26.% 4.3 26.5
= 75 _ -
+ 78 5 5.4 32.3 5.4 32.0
- 106 | _
+ 106 | 6 B.D5 41.1 8.9 40.9
- W50 ] _ _ o
+ 150 | 7 14.0 B5,2 14.1 55.0
- 212 _ _
+ 212 18 16.1 TL.2 16.2 71..%
- 300
+ 30019 17.2 88.4 17.3 88.5
- 435 ]
+ 428 110 5,2 83.5 5.2 93 .7
- B00 . .
+ 500 {11 3.9 97.4 3.9 87.6
- 500 _
+ 600 | 12 2.2 99.6 2.2 59.8
- B850 |
+ 850 | 13 0.2 99.8 ¢.% 99.9
LLE80 _ _
4 14 0.2 100.0 0.1 100.0
1180 _
100.9 100.90 )

total

68




Bxp., 2 : Test 3

% Particle Size Digtribution (data as ils and snoothed)

slde size scteen screen sereen screan geLedn sarean
i ¢lass dis. A dis., A dis. A dis, A | diz, B dis B
frac % cum % frag % cun % frac & cum %

_ gmooth smooth } .

- 45 1 3.6 u;.s 2,9 . 2.9 ] 2.5 j 2.5

+ 45 a 0,4 4,0 0.4 3.3 3.4 2.8

~ 53 . . . _l

+ 53 3 0.0 1.0 0.3 3.6 0.4 3.2

=~ 63 . . .

+ 83 q 0.4 4,3 0.9 4.5 0.4 a4

- 15 ) . ) .

+ 15 8 1.1 5.4 1.3 5.8 1.4 4.9

- OB ) o

+ 106 | & 2.9 4.3 2.9 8.7 3.2 8.1

~ L50 ) . . . .

+ 150 | 7 6.3 14,7 6.5 15.2 6.8 14,9

« 212 1 .

+ 212 18 10.0 24.¢6 10.1 25.3 10.5 25.4

~ 300 .

+ 300 1 & 171.2 41.8 17.8 42,9 7.5 42.49

- 428 ) _ . N

+ 425 | 10 10,0 51.8 1¢.0 52.9 10.2 53.1

= 500 . e

+ 500 | 11 2.5 64,3 12.5 65.4 12.6 B85.7

= 501 _ . . .

+ 600 | i2 22.6 87.0 22.1 88.0 22.2 87.9

« 5O ) ) .

+ 850 | 13 9.4 98.4 8.8 8.9 B.& 6.5

1180 )

+ 14 3.0 100.0 3.1 1040.0 3.8 100.0

1184

potal 100.0 100,0 __]00.0

N.B. soreen discharge A : primary dewateriny product
sereen digcharge B @ segondary dewatering product

6"

s




Exp. 2 : Test 2

General running conditions (data as is and smoothed

data)

cyalone gareen gcreen u/f | thickener

u/f disch. _ prod
solid 1,670 1.130 0.460 0.240
t/hr as
ig _ _ _ _
solid L.682 l.494 0.445 0.257
t/hr
gmoothed _ _ . .
slurry 3.505 1.981 2.177 0.651
t/he
smoothed _ -
% H20 B82.00 24 5B 79.87 60.52
_gurface n . .
% H20 52,02 24,87 79,586 60.52
surfacs
gmoothed .
% ash 19.99 17,02 23,00 13.68
¥ agh 19.47 17.36 23.18 1..64
gmoothed
golid golid H20 H20 ash ash
Scraen sorean gurface surface inlets ocutlet
inlet outlets goreen gorean goreen soraen
t/hx t/hr inlet outlets t/he E/hz

_ L/hx t/hr

_32939 1.939 2.217 2.219 0.3@3 0.363
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Exp. 2

: Test 2

Detaiied s0lid maes balance across unit screen for each
gize class

gize giza % size screen % size gcreen

um class distn. inlet distn, outlet
goreen t/hr goreen t/hzr
inlet outlet

- 45 8.7 0.1.68 8.7 0.168

+ 45 1.1 0.0217 1.1 0,0217

- 53 _

+ 83 3 g.9 0,0180 g.9 0.0190

- 63 _

+ 63 4 1.% 0.0376 1.8 0.03%8

- 75 _

+ 75 « | 5 3.0 0.0573 3,0 0.0573

105

+ 108 [ 4.8 0.0834 4.8 0.0934

- 180

+ 150 7 8.1 0.157 g,1 0.157

- 212 _

+ 212 8 10.5 0.204 10.8 0.204

- 300 _

+ 300 9 15.9 ¢.308 15.¢ 0.308

= 425

+ 425 10 8.7 D.168 8.7 0.168

-~ 500 _ _ _

+ 500 11 10.1 0.198 10.4 0.19%

- 600

+ 600 |12 17.4 0.337 17.4 0.337

- 850 .

+ BEC 13 6.7 0.129 6.7 0.129

o~ 1180

+ 1180 | 14 2.3 0.0444 2.3 0.0444
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Exp. 3 : Test 3
% Particle Size Distributlon {(data ag lg and smoothed)

—. - e e
size giza thigkener | thickener | thiskener thickener
Ui class | prod frac jprod cum prod frac prod cum

% % _ % snooth % sneoth
- 45 17.8 17.8 17.8 17.8
+ 45 2.8 20.3 2.5 20.23
- §3 _ .
+« B3 3 2.1 22.3 2.1 22.4
-« 63 _
+ B3 4 1,2 25.5 3.2 258.6
- ‘75 _ L
% 75 5 E.B 31.0 E.5 al.1
- 106 o _
« 106 | & 4.3 40.3 9.3 40.4
= 150 . .
+ 150 | 7 13.9 54,2 13.8 54.4
- 212 | n
+ 212 18 14.4 GH.8 14.4 8.8
- 300
+ 30019 14.8 83.4 14.8 83.6
- A28 _ L
+ 4285 | 10 5.2 Bg.6 5.2 g48.8
- 500 _
% 500 [ 11 4.8 83.4 4.9 93.6
- 600 _ _ _
+ 600 | 12 B.2 58.8 5.1 98.7
= BE&0 _
+ 880 | 13 1.1 99.8 1.1 $9.8
1280 _
" 14 0.2 100.90 g.2 108.0
1180 _
I total 100.0 100.0
| B Ak =Rt A H o o - i e o P ORI Y =




Bxp. 3 ¢« Test 3
¥ Particle 8ize Disbtribuclon (data as ig and smoothed)

N _ _ -
gize | size cyclons cyclone cyclone cyclone
um clags |[w/f frae u/f eum & |uw/f frac & |u/f cum %

% _ . gmooth gmaoth

= 45 l Gil 6-1 . 5-9 X 519

3 A8 2 0.6 6.7 0.7 6.6

~ B3 _ _ . .

» B3 3 0.8 7.1 0.6 7.8

- 63 _ _ _

+ B3 4 0.8 7.8 1.2 8.4

- 78 _ _ .

4+ 78 5 1.8 9.7 1.9 0.3

« 106 1 )

+« L0616 3.8 13.5 4.0 14.3

= 180 _ L

+ 150 | 7 7.8 21.0 7.9 232.3

- 2312 _ o

« 212 } 8 10.8 3i.8 11.2 33.4

~ 300

+ 300 | & 17.0 48,8 17.3 850.7

- 435 _ . _ .

+ 428 | 10 9.1 B7.9 8.1 59.8

« 0O | . - .

+ 500 | 11 11 2 69.2 10.9 70.7

- 500 |

+ 600 | 12 20,1 89,3 19.4 80.1

= B850 _ _ |

+ 850 | 13 7.8 97.1 7.3 87.4
2.6 100.0

1100.0
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BExp. 3 : Test 3

% Particle 8ize Distrdbution (data as isg and smoothed)

et e = e
sizy glze gorean geraen goereen u/f | soreen
um clags [u/f frac u/f aum & | Erac % u/f ocum %
_ ¥ gmookh gmooth
- 45 1 19.8 19.8 19.8 19,8
+ 45 2.4 22.2 2.4 22.2
- B3
+ B3 3 1.8 24.0 1.8 24.1
- 63 | _

+ 63 4 3.4 27.4 3.4 27.5
- 175 _ _
+ 75 5 5,0 32.5 5.0 32.9
= 106 | .

+ 1068 {6 8.7 41.1 8.6 4%,
- 180

+ 180 ) 7 14.3 55.4 14,2 £5.2
-« 212 .

w 212 18 18.7 71.2 1E5.6 70.8
- 300 )

+ 300 | 9 16.7 87.9% 16.6 B7.4
- 435 o _ _

w 425 | 10 5.2 93.1 5.2 82.8
o~ 500 _

+ 500 | 41 3.6 9G.8 3.7 06.3
= 600 |

+ 600 | 1.2 2.4 99.2 2.6 98.9
- 880 | _ _

+ 880 | 13 0.4 98,6 0.6 99.5
1180 L .
+ 14 0.4 100.0 ¢.5 100.0
1180

bokal 100.0 _ L00.0
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Exp. 3 Tegt 23
% Particle Bize Digtribution (data as ip and smootlied)

S ergm—rs e T e ey
gl alze sSereen sorean geraen gerean | sareen deraan
um alagy dis. A dig. A dig. A dig. A | dis. B8 dig B

frag ¢ cum % fraec % aum % froe & Gun %

. — aneoth smaoth _
= 45 2-5 3.5 3.6 2.6 2-1 3-1
+ 45 2 n,2 2.7 0.3 3.0 0.2 2.3
- B3 )
+ 83 3 0.3 3.1 8.3 3.3 0.2 2.8
= §3 .
+ B3 [’ 0.% 3.6 Q.7 1,1 0.4 3.0
= T8 _ . .
+ 75 5 1.4 5.0 1.3 5.3 1.2 1.2
= 106 _ . .
+ 106 | & 3.3 B.Y 3.1 &.4 a8 7.0
~ 150 .
+ 150 [ 7 7.0 L5.3 6.4 15.0 6.3 13.3
- 212 .
+ 2|8 10.4 28,7 10.0 258.1 8.7 22,9
- 309 _ .
+ 300 | 9 17.5% 13.2 17.2 12.2 16.% 39.6
= 425 _ o .
+ 4235 | 10 10.1 53.4 10.0 52.2 9.5 9.5
« 500 ) . .
+ 500 | 11 12.4 68,8 id.8 64.8 128.% )
Y L .
+ 600 | 12 a2.8 88.¢ 23.3 BE.1 24.1 B6.4
- 850
+ B8O | 13 8.8 97.1 B.8 97.4 5.9 96.3
L1384 - .
* 14 2.9 100.90 3.4 100.0 .7 108.0
1186 _ L
total 100.0 100.0 100,08
e - —

N.B. sareen diocharge A t primery dewatering produst
gerpan dizsharye B 1 secondary dewatering produst

a1




Bxp., 3 : Test 2
General running conditions {(data as ig and sgmoothed
data)
_ L
¢yclone sureen screen u/f | thickener

_ u/f diach. _ prod
solld L.450 1.020 0.6820 0.360
t/hr as
L8
solid 1.480 1.230 0.820 0.3680
t/he
smoothad _
glurry 3.346 1.623 2.879 0.9886
k/hr
gmocthad
$ H20 55.51 24,20 76,82 62.34
surface .
¥ H20 ES .47 24 .21 76,85 62,33
surface
gitoathad _
¥ agh 12,14 16.73 20,07 13,432
% ash 19,12 16,98 20,07 12.42
gmoathied _

- - e e ittt i, e
- i —qu = e v
golid golid K20 HZ0 agh asgh
sCreen BOrasn surfate purfaco inlets putlet
inlet outlets goraen Boreér gorean goraen
t/he L/ inlat outlaets t/he L/he
3 t/hi t/hr _

1.950 1,850 2.4B2 a.45% 0.323 0,333
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Exp, 3 : Test 2
Datalled solid mass balance across unit goreen for aach
pize class
— Lo : —.- e
size gize % size Soreen % alze goraan
um class digen, inlet digtn, outlat
goraan t/hy goreen t/he
_ inlet outlet _
+ 45 2 1.4 q,0251 1.2 0.0252
- 53 X . _
+ 53 3 1.2 0.0226 i.2 0.0228
- 63 . . )
+ 83 4 2.0 0.0387 2.0 D,0387
- 75 . .
105 _
+ 108 & 5.6 0.103 5.6 0,103
- 1EQ .
+ 150 7 8.7 0.162 8.7 0.162
-~ 212 _ _
+ 212 B 10,7 0,198 10.7 0.198
- 300 .
+ 300 9 15.6 0,288 15.6 0.288
- 428 _ ; _
4+ 425 10 7.8 0.144 7.8 0.144
- 500 _
+ 500 1l 9.1 0.168 a,l 0.%68
- 600 _ o o
+ 600 12 15.8 0.286 15.5 4,286
-~ B850 _
+ 850 13 5.7 0.105 5.7 0.105
-~ 1180 _ _ . _
4+ 1180 | 14 2.5 0,0382 2.1 00,0382
[ e o e, e e




Bxp. 3 : Test 2

% Total Retention ( data as is and smoothed data )

gize sizae & frac % oum % EBracg ¥ oum
um glasy retention | retention | retention | retention
_ | smooth Bmooih
- 45 13 18.8 8.8 21.9 21.9
+ 48 2 17.8 18.6 26,9 22.4
- 53
+ B3 3 0.9 17.8 29.86 23,0
- 63 _
+ 63 4 21.3 17.9 32.0 24.1
- 78
+« 75 « |5 34.7 20.8 39.5 26.8
1058 _
4+ 108 & 44 .8 25.6 46.5 31.2
- 150 _
+ 150 7 49.1 3L.8 52.4 6.7
- 212 .
+ 212 8 58.2 38.3 59.9 42.3
= 300
+ 300 ] £9.1 46.5 70,3 49.6
- 428 _ . ) _
+ 428 10 8g.7 50.4 81.4 Ba.2
=« BOO _ )
+ 500 14 g7.8 54.9 g88.0 57.4
~ /00 _ _
+ §C0 12 895.4 61.8 95.2 63.7
- 880 | _ .
+ 850 13 100.0 64.0 99.7 65.8
- 1180 _
+ L1880 | 14 L00.0 64.7 59,2 66.5
total 84,7 77.8
A — = —
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Exp. 3 : Test 2

¥ Total Retention ( data as ig and smoothed data )

=

78

size gize & fraco % ocum ¥ frac % ocum
um clags retention | retention | retention | retantion
_ _ smooth gmooth
- 45 18.8 18.8 21.9 21.9

+ 45 17.8 18.6 25.9 22.4

- B3 _ »

+ B3 3 0.8 17.5% 29.8 23.0

~ B3 _ _ 1

4 63 4 21.3 17.9 32.0 24.1
= 78 _

+ 75 ~ | B 34.7 20.8 iv.5 26.8

108 _ .

+ 105 é 41.8 25.6 46.5 31.2

- 150 .

+ 150 7 49.1 31.8 ] 52.4 36.7

-« 212

+ 212 8 58,2 38.3 Bg.9 42.3

- 360 _ L 5

- 425 .

+ 425 10 8¢.7 B0.4 81.4 53.3

- 500 _ _ . . _

+ 500 1L B7.8 84.9 B8.,0 57.4

- 600 .

+ 800 12 895.4 6L1.8 95.2 63.7

-~ B50 _ _ _
w850 23 100.0 64.0 99 ,% 65,8

- 1180 _ .

o+ L180 [ 14 ]100.0 64.7 99,2 66.5
total a4 .7 7.8 _
[V— S ————— - —_— e L




Exp. 3 : Test 2

% Particle Size Digtribution (data ay ls and smocthed)
glze gize thickener | thickener | thickener thickenez
um glass | prod frac | prod cum prod frac prod cum
. & _ ¥ % smooth % smooth
- 45 28.5 28.5 28,2 28.2
+ 45 = 3.1 31.8 3.0 3l.2

=~ 53 _ .

+ 53 3 2.6 34,2 2.6 33.9

-~ 63 _

+ 83 4 4.3 38.5 4.3 38.2

- 75 .

+ 75 |8 7.1 45,6 7.4 45.3

=~ 108 _ _

+ 106 | & 10.4 56.1 10.4 55.7

- 180 . _ »

+ 1850 | 7 13.2 69.3 13,1 68.8

- 212 | _

+ 212 | 8 11,3 80.5 11..2 £80.0

- 300 _ _

+ 30019 10.3 9¢.8 10,2 Q0.3

- A25 _ _ L

+ 425 [ L0 3.1 23.9 3.1 93.4

= 800 _ . . _

+ 500 {21 2.8 6.7 2.8 96,2

- 600 | .

+ B0D | 42 2.8 99.4 2.8 99.0

« 850 L

+ B5Q | 13 0.6 100.0 0.9 99.9
1180 _

.o 14 0.0 100.0 0.1 100.0
1188

total 1 100.0 100.0
e T — =1 . e

17




Exp. 3

; Tegt 2

% Particle Size Distribution (data as ie &nd moothed)

glze size ayclone dyalone ¢yclons ¢yclone

um class | u/f frag w/f eum & [u/f frac & [uw/f cum %
% smooth gnooth

~ 45 |1 7.6 . | 7.4 7.4

+ 45 2 0.8 . 1.0 8.3

- 53 _ .

+ B3 3 0.5 8.9 0.9 8.2

- 63 _

+ 63 4 1,2 10.1 1.4 10.8

- 758 _ .

+ 75 5 2.3 12 .4 2.4 13.0

» 106 .

+ 108 | § 4.3 16.7 4.4 17.5

- 150 _ _

+ 180 | 7 7.6 24.3 7.7 25,1

- 212 _ _

+ 212 | 8 0.7 5.1 10.6 a5.7

- 300

+ 300 | 8 17.1 E2.% 16.8 52.8

- 425 |

+ 425 | 10 9.0 1.1 8.9 6l.5

- 500 | .

+ 500 | 11 10.7 71.9 10.6 72.1

-~ 600 _

+ 600 12 18.8 80.7% 18.5 90.86

- 850 | _

+ 880 | 13 6.8 97.6 5.8 97.8

LLBO _ .

+ 14 2.4 100.0 2.8 100.0

1189 .

total 100.0 _ 100.0
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Bxp. 3 : Test 2
% Particle Size Distribution {data as is and smoothed)
gime slze goreen pareen sorcen u/f | screan
um clags |u/f frac u/f oum ¥ | frac % u/f cum %
% _ o gmooth smooth

- 45 26.8 26.8 26.6 26.6
+ 45 2.9 28.1% 3.0 29.6
- B3 _ . )
+ 53 3 2.5 3z2.2 . 32.2
-~ 53 ) .

+ B3 4 4.0 36.2 4.0 3.2
- 75 _ .

+ 75 5 6.0 42,2 6.0 4% .2
- 106 .
+ 106G | & 9.0 51.3 8.9 51.1
- 150 _ ] . .
+ 150 1 7 12.5 63.8 12.4 63.58
= 212 _ _

. 212 B 12.9 76,7 12.8 76.3
- 300

« 30018 13.8 0.5 13.8 80.1
- ADH . .

+ 425 120 4.3 94 .8 4.3 94 .4
= 500 ) .

+ 500 { 1L 3.2 97.9 3.3 87.7
- 600 |

+ 600 | 12 2.1 104¢.0 2.2 99.%
- BEQ _ _ _
+ BB 113 0.0 100.0 0.1 100.¢
1180 _ . .

‘i' 14 000 100!0 DoD 10010
118C | . .

bot';alL 00,0 100.0

— =
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Exp., 3 Tadgt 2
% Particle Size Distribution (data as ie and smoothed)
alze sice Sgraen SCGreen Boreaen sckean scraehn sorean
um class dig. A dis. A dis. A dis. A |dig. B dis B
Erac % cum % frae % aum % frac % culn %
amoath smaotth
~ 45 1 3.6 3.8 3.8 3.8 “.6 3.6
+ 45 2 0.4 4,0 0.5 4.3 L 4.0
- 53 -
+ 53 3 0.4 4.3 .5 4.9 0.5 4.5
-~ G3
+ 63 4 0.7 5.0 1.0 5.8 0.8 5.3
- 75 )
+ 75 5 2.0 1.0 2,0 7.8 1.9 7.2
~ 106 ]
+ 138 | 4 4.0 11.0 3.8 11.7 3.7 10.¢9
- 150 .
+ 150 { 7 7.0 18.0 6.5 iB.& 6.7 17.6
- 212 _ .
+ 212 1 8 9.7 27.17 9.7 28,2 9.5 27.2
~ 300 .
+ 300 [ 9 16.5 44,2 16.4 44.7 16.3 3.4
~ 4§28 _
+ 425 | 10 9.6 E3.9% 9.6 84,2 9,8 53,0
- 500 . . .
+ 500 | 1. 12.1 65.9 12.0 66.3 1z.3 65.2
- §00 .
+ 600 | 12 22.3 8.3 22,2 69.4 23.1 88.3
= 850 .
+ BEQ | 13 8,6 85,9 8.5 95,9 8.1 97.0
1180
* 14 3.1 100.0 3.1 100.0 1.0 308.0
1lal
| total 100.0 1u0,¢ 100.0
N.B, eseresn discharge A ! primary dewatering product

gereen dlacharge B &

14

secondary dewatering product




Bxp. 4 : Test 3
% particle Size Distribution (data as 1y and emoothad)

e e e : = e
glze slze geresn apreen SEreen sskeen gareen scrLest
um clags dig. R dig, A dis. A dig. & | dis. B dig B

frae % cun % frae % éum % £rag % cun b

) ) ) gmoeth gneath ) )
al 45 l X 3-3 2.3 log [ 1.9 8l 3-1
+ 45 2 0.3 2.8 B.3 2. "4 2.5
- §3 ) ; .
+ 53 3 6.3 2.9 0.3 2.5 0.4 2.9
- §3 ) ) ) .
+ 63 4q 0.6 3.5 b.8 3.3 0.4 3.2
- 715
+ 1§ & 1.5 5.0 1.4 4.7 1.4 4.8
- 108 | )
+ 106 ) & 3.4 8.4 3.2 7.9 3.0 4.7
- 150 | ) ) .
+ 150 | 7 7.3 15.8 1.0 14.9 T.1 14.48
= 212 ! ) ) ) ) )
+ 2l2 | 8 1.3 26,8 11.0 28.8 1l.3 26.1
- 300 ) ) ) )
w300 1B 18.5 45.5 18.4 44,2 8.1 45, &
= {25 ) ! o
+ 425 | 16 18.3 55.8 1G.4 4.5 1g.4 | B5.8
= 500 . _ . . .
+ 500 | 1i 2.4 8.7 12.6 §7.2 13.9 8.4
= B0 ) N ) ) . o
+ 400 § 12 21.8 84.0 ad.3 B9.4 d2.1 0.5
= @80 ) )
+ B840 | L3 7.7 g%, 7.8 87,3 1.4 87,9
;190 ) B ) )
* 14 a.3 100.0 2.1 100.0 2.1 1006.0

| 1184 ) . ) ) .
total | ) 100.4Q ) 100.v ) __1.108.9

N.B. screen dissharge A 1 primory dewateriny produet
geroen disshurge B 1 secendary doawatering produst
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Bxp. 4 : Tept 2
General running conditions ( daba as lg and smoothed

data )
cyclene goreen gerean u/f | thickener
/g disch. _ _Iprod
golid 1.4580 0.820 1 0.720 0.376
t/hr as
ig _ .
golid 1.420 1.033 0.919% 0.331
t/hr
smoothed " _ . .
slurry 3,280 1.366 2.827 0,808
E/hr
swoothed _ . -
% Ha20 54 .96 24.63 76,50 63,08
purface _ _
% H20 58,71 24.36 74.5% 63,610
aurfaea
gmoothad _ .
_% ash 17.68 16.18 20,08 13,14
¥ asgh 14,85 15.85 20,00 13.14
gmoothed | ] , _ _
o — e e
H20 aght agh
gerean goracn purfaca surface inlets outlet
inlet autlatbsy goraen BErean poresh goreaen
B/ by t/hr inlat outlets t/hr v/hy
_ _ e/he t/hy _ _
. ]2.441 0,308 0.209 |
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Exp, 4 : Test 2
Petalled solid mams balance across unit screen for sach
Bize class

e - e e s e
alze giza % gize Horeen % gizs géreen
um clagp distn. inlat digtn. outlet

porean t/he goxaen /hr
inler cutlet

= 45 1 11,4 0.200 11,.4 0.201
+ 45 1.4 0.0240 l.4 0.0240
- 53 _ _
+ B3 3 1.2 0.0208 1.2 0.0208
- 3 _
+ 63 4 2.1 0.0374 4.1 0.0378
- 75 _ .
108 1.
+ 148 ) 5.7 0.0989% 5.7 0,100
- 180 _ .
+ 1850 7 5.1 0.1&0 9.1 0.160
= 212 _ 1
+ 212 8 11.6 0.202 11.6 0,202
« 300
+ 300 9 18.2 0.284 16.2 0,288
- 4A5
w 428 10 7.7 0.136 7.7 G.138
- 500 _ N
- 500 . - L
+ 600 12 14.3 0.250 14.3 0,250
- BEQ .
+ 850 13 5.¢ ¢.0878 5.0 g.0878
- 1180 _ _
+ 1180 14 |31, 0,0330 1.9 1 0.0330

23




Exp, 4 : Teat 2
% Total Retention ( data a8 is and gmoothed data )
slza glze % £yac % cum & firac % oum
tint alass ratention | retantion | retention | retention
_ _ gmookh gmooth
- 45 1 1L.,1 11.) 1.0 11.0
+ 45 2 4,5 10.8 19.1 11.9
- 53 o
+ B3 3 26.6 11.8 19.3 12.5
- 63 _ .
+ 63 4 19.6 12.9 26.4 14.4
- 15 .
+ 785 ~ | 8B 28.4 18.6 29.3 17.0
108 _ .
+ 108 é 6.9 20.8 38.2 22.3
« 150 n . " L
+ 150 ¥ 46.8 2%.7 44.3 27.4
-~ 213 _
4+ 212 8 B4 .4 34.6 E2.0 33.8
- 300 _ _
300 9 €4.0 42 .4 62.0 41.0
= 438 .
* 428 10 ?7.5 46.4 18.6 44,8
- 500 : .
+ 500 1L g6.1 51.0 84.2 49,3
= BOG _
¢ G600 12 84.8 87.7 93.9 56.1
« B50 .
850 13 98.6 59.8 a7.9 58.3
- 1180 _
“ 1180 { 14 100.0 6.6 96.7 58,0

92
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BExp. 4 ; 'Test 2
% Particle Size Distributlon (data as iz and smoothed)
glze | size thivkener | thlckener | thickensr Ehickener
um tlasa | prod frac | prod cum praod frag prod aum
& _ % % smooth % smooth

- 45 )1 25,7 28 .7 25.9 28,9

+ 45 s 2.1 27.8 2.1 27.9

-~ B3

¢ B3 3 2.5 0.3 2.4 30.4

“ 63 .

+ 63 4 4.5 34.8 4.8 34.9

- 18

+ 78 8 §.8 41.8 6.8 41.8
w106 | N

+ 106 | B 9.6 81.2 9.6 5.4

~ 150

+ LEQ |7 12.8 64.0 12.8 64.2

w 2412 . .
212 )1 8 12.% 5.1 12.1 76.3

200 . _

+ 300 | @ 15.8 B7.9 iL.7 g§8.0

- 425 _ .
+« 428 | 10 3.9 91.8 3.8 8.8

- 5Q0 _

+ 8500 | 12 i.8 85,4 1.8 55,3

= 00

+ 60D | 12 1.8 88.9 3.5 98.8

-~ 88D _ . .

+ 8850 113 0.7 95,6 0.9 8.7
1280 3 _ _

® |14 0.4 100.0 0.3 100.0
1180 _ _

tona; - 100.0 B 100.0 e e




Exp. 4 : Test 2
¥ Particle Size Distribution (data as ig and smoothed)
s i e
glze gize ayolona gyclone gyclona aycelona
unt clags |u/f frag uw/f cum $ | u/f frac ¢ | u/f cum &
} ¥ 1B smooth amooth
-~ 45 L 7.4 7.4 | 8.1 8.1
+ 45 2 0.9 e.2 1.2 9.3
- 53
+ 83 3 0.9 9.1 0.9 10.2
- 63 } _
v 63 4 1.7 10.4 l.6 11.8
= 78 _ _ _
+ 78 B 2.4 12.8 2.6 14.4
-« 106 _ .
L 105 6 4:6 17;4 4-3 19:1
- 180 _ _ _
“ L5 | 7 B,2 25.6 8.3 27.4
~ 232 B
+ 31218 11,5 ar.l 11.4 8.9
= 300 _ _
4 300 ;9 17,86 Bg.7 17.3 5§.2
- 428 . .
+ 425 | 10 8.9 63,6 8.6 64,8
= 500 _
+ 500 | 11 10.6 74.2 0.1 75.0
- 500 .
+ 600 | 13 17.4 91.3 16.8 91,8
-~ 850 o
4+ 880 | 43 6.1 97.4 6.0 97.7
1180
+ 14
2180
tobal

90




8s

Exp. 4 : Test 2

% Particle Size Distribution (data as ig and smoothed)
gize gize goreen goresn gorean u/f | sureen
um class | u/f Brac u/t cum % | frac % u/E cum %

% gmookth smooth

- 45 125,.2 256.2 24.8 24.8

% 45 2.1 27.5 2.7 27.5

- 53 N

+ B3 3 2.2 30.2 2.3 29.9

- 63 _

+ 63 4 3.0 34.2 3.8 33,7

-~ 75 . . . .

+ 75 5 6.0 40.1 5.9 39.6

- 106

4 106 | & 9.0 49,1 8.9 48.3

-« 150 _ N
i+ L850 |7 12.5 €l.8 12.4 60.9

- 212 _ _

+ 21218 13.5 5.1 13.5 d .4

- 300 _ .

+ 300189 15.0 80.0 5.1 89.8
- 428 _ L -

+ 428 | 10 4.5 B4.5 4.5 94,1

- 500 .

+ BOQ | 11 3.2 97.8 3.4 9%7.8

- 600 _ . _ _

+ 600 | 12 2.0 uo.8 2.1 88.6

= BSQ L

+ B850 | 13 0.2 1o0.0 0.3 9.8

1180

" 14 0,0 100.0 0.2 100.0

LLBO

kotal 00,0 _
et N e e e e e e e e




% Partlole Size Digtribution {(data as

Exp. 4 : Test 2

18 and suoothed)

slze Bixe feLean gureen soreen s¢rean sdrean strean
um elass via, A dig, A dis. A dig. A [ dis. B dis B
fra0 % cum % frae % auwm Erag % aun 3
) B amooth gmookh
« 45 1 2,7 2.1 2.1 2.1 3,2 3.2
"‘ 45 2 0-4 3«1 0|4 2&6 0-3 3.5
- B3 !
+ 83 3 0.2 3.4 6.4 3.0 0.3 3.9
- 53 )
+ B3 4 0.9 4,2 L.0 3,9 0.8 4.7
« 75 . .
+ 75 ] 1.9 6.1 1.7 5.4 1.9 6.8
-« 1086 )
+« 108 | 6 a.7 8.8 3.5 2.1 4.0 10.8
= 180 | . ) ) _
+ 150 | 7 7.0 16.8 6.9 16.0 7.4 18.0
“ 217 _ B _
+ 212 | B 10.2 27.0 10.2 26.2 10.4 28.4
~ 300 _ .
+ 300 | 9 17.0 44,0 7.1 43.2 16.9 45.3
- 4885 !
+ 485 { 1D 9,8 83.8 9.9 53.2 2.8 5.1
- 800 _ )
+ 500 | 11 12.4 66,3 12.1% 65.8 12.0 67.1
- 600 B "
+ 8Q0 | 12 22.5 ag.d az2.8 8.6 az2.z2 B9,2
= 50
+ B30 | 13 8.3 97.1 6.3 86,9 9.6 97.3
| L1BO . .
* 14 2.9 106.0 3.1 140,0 2.1 le0.0
110 . _ .
) tokal | 100.0 140.0 103;0
N.B, screen dischatge A ! primary dewsatoging product

screen discharge B 1 secondary dewatering produst

a8




Exp. 3 : Test 3
General running conditions ( data as is and smoothed
data )

cyclone goraen gscreen u/f | thickener

u/f disch, prod
solid 1.4%0 1.020 0.420 0.160
t/hx as
ig _ _
so0lid 1.479 1.208 0.421 0.160
b/t
gme othed _
sluzry 3.332 1,814 2,182 0.473
t/hx
angothead . .
¥ H20 56.38 25.00 80.51 66.26
surtace . .
% H20 55.88 25.08 80.7% 66.19
surface
gmoothed
¢ agh 17.64 15,31 22,17 12,12
Y ash  |17.83 15,32 22.17 12,12
gmoothed

. e
solid solid H20 H20 agh ash
goraen goereen gurface surface inlets outlat
inlet outlets geraen screen goreen gorean
t/he k/hy inlet outlets t/hx L/hr
) b/ B/l -

1.630 1.630 2,175 %*gTS 0,278 L O.278

B7




Exp,

3 : Test 3

Detailed solid mass balance acrosg unit screen for each
slze classg

86

glze gize % gize screen % pize BCreen
um clags distn. inlet digtn. outlet
goraan t/he soreen t/hn
_ inlet _ outlet
- 45 L 7.1 0.115 7.1 g,118
+ 45 2 0.9 0.0144 0.9 0.0144
- B3
+ 53 3 0.7 G,0117 a.7 0.0117
~ 63 _
+ B3 4 1.4 0.0234 1.4 0.0234
- 78 .
+ 75 - | 5 2.2 0.0366 2.2 0.0366
105 _ .
+ 105 6 4.5 0.,0737 4.8 0.073%
- 150 . .
+ LEO 7 B.& 0.139 8.8 g.139
- 212 .
+ 212 B 11.5 0.187% 11l.5 0.187
« 300 . |
+ 300 9 17.0 0.278 17.0 0.2%78
~ 428 . .
+ 425 10 g.8 0.143 8.8 0.143
- 500 .
+ 300 11 10.3 0.168 10.3 0.168
- 600 _ _ .
+ 6Q0 12 18.0 0.293 18.0 0.2903
« B850 .
+ 850 13 6.7 0.1.09 6.7 0.109
- 118Q _
+ L1BQ § 14 2.4 0.0386 2.4 0.0388




Exp, 3 : Test 3

% Total Retention ( daka as 1la and smoothed data )

glze glze % frac % cum % frac ¥ cum
um clagy retention | retention | retention | retention

_ _ gmookh gmooth
- 45 19.0 18.0 27.5 27.8
+ 45 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
~ 78

78 - | & 30.2 18.0 42 .7 32.1

106 .

+ 105 e 40.2 23,9 50.7 37.1
~ 150 ) L .

+ 150 7 47.9 32.0 B57.2 43.8
- 212 _ _

* 212 8 58.2 4. 3 64.9 50.4
- 300

+ 300 2] 70 B 50.0 4.8 58.1
- 425 . _
+ 428 10 2.3 B4 .7 84.7 51.8
- 500 | . . . .

% 500 |11 89.9 59.9 90.7 65.9
- 600 .

+ 600 12 86.2 67.4 96.2 71.9
~ 8B0 » .

"+ BSO 13 98.3 69.7 97.6 3.7
- 1180 .

+ L1LBG | 14 95.4 70.4 84,8 74,2
| total 64.7 . . 178.2

85




Exp. 3

: Test 3

¥ Total Retention ( data as is and smoothed data )

L.

giza pize % frac % oum % frac % oum

um class retention | retention ! retention | retention
_ gmoath amooth

« 45 19.0 19.0 a7.5 27.5
+ 45 4.4 17.7 29.2 27.7
~ 53 _ _

+ 53 3 13.5 17.4 34.8 28.3
-« 63 .

+ B3 g 3.0 15.3 38,86 29.8
- 75 _ . . _
+ 75 - | 8 20.2 18.0 42.7 32.1

108 . ) .
+ 108 6 40.2 23.9 80.7 37.1
~ 180 _ .

+ 150 T 47 .9 32.0 57.2 43.9
-~ 212 _ .

+ 212 8 58,2 40.3 64.9 50.4
-~ 300 _

4 300 9 70.8 50.0 74.8 58.1
~ 425 . _ _ _

+ 425 i0 82.3 54.7 84,17 6l.8
~ 500 _ i

+ 500 11 89.9 59.9 9q.7 5.9
~ 600 , ——
+ 800 12 96,2 67.4 98,2 71.9
« 850 _

+ 850 13 98.3 69.7 87.8 73.7
- 1180
4 1180 | 14 95.4 70,4 94 .8 74,2
total gﬁ.T 74,2

85




% Partlcle Bize Distribution (data ag is and smoobhed)

Rurn

4

i

107

T s e ——— = —

e
glee giea feed to feed Lo feed to faed to
{um} clagy | eyclone gyalona cyolonag cyolone

frac % aum % frac % oum %
. ) gmooth gmooth
- 75 N.A\ Nnhn 12.5 12:5
+ 78 N.A, MN.A, 2.9 18.2
« 106 .
+ 1086 3 N.A, N.A. 4.8 20.0
- 150 - _
+ 150 4 N.A. NLA, 9.3 28.4
- 213 _
+ 212 8 N.A. N.A. 12.2 41.6
- 300 _ _ _ .
+ 300 8 N.A. N.A. 17.2 58.8
- 4235
+ 425 7 MN.A. N.A, 8.6 687.3
- 5Q0 _ _
+ 500 8 N.A, N.A. 9.8 76.9
- §00
+ 6RO ] M.A, ¥.A, 15,7 92.8
= B850 . _
+ $50 10 N.A. N.A, B.B 98,1
- 3180 _
+ 1180 1l N.A. N.A. 1.8 100.0

Lt;,g__t_:a=1z____ ~ w.a, 100.0




Run 4

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

106

. — - .
gilze glze cyalone ayelone gyclone eyelona
(unt) ¢lags | o/f frac o/f cum % | o/F frac o/ cun §

_ % _ ¥ amooth gmooth
- 18 11 54.0 54.0 55.3 88.3
4+ 75 6.6 60.6 6.4 61.7
- 108
+ 104 3 5.2 89.7 8.6 70.3

= 150 _ ) |
+ 150 4 11.7 8l.4 11.2 81.5
= 212
4+ 212 5 9.9 1.3 9.5 9G.9
- 300 | - _

v 300 8 G.B 87.8 6,0 97.0
- 428 ) . .
+ 445 7 1.4 99.2 1.4 98.4
» 500 _

+ 500 B Q0.8 99.7 0.8 99.2
= 600 _

+ 600 9 0.2 89,8 0.4 89.56
= BEQ _

+ §80 10 0.3 100.0 0.3 99.8

- 2180 | . .
o+ 1180 11 0.0 00,0 0.2 1180,0
hotal 100.0 _ 100.0

e e e L e 7



Run

4

¢ Particle 8ize Nistribution {data as iz and smoothed)

108

_ e _
siza gize thickaner | thiskener | thickensr | thickener
{am) glass | prod frac |prud cum | prod fraa |prod oum

% % % smooth % Bmboth
- '?5 N_IA' N-A- 41.1 41-1
+ 75 N.A, N.A, 7.7 48.8
« 106 _
+ L06 3 N.A. N.A. 12.3. 60.9
- 150 _ ) _
+ 1850 4 N.A. N.A. 13.9 T4.8
- 212 .
$ 212 5 N.A. N.A. 11.8 86.6
= 300 _ _
4+ 300 6 NJA, N.A, 9.2 58.8
-~ 428 _ _ _ o
4 428 7 N.A, N.A, 2.1 99.8
- BOO _ _
L 500 9 Nvo NoA- lul 99:0
- 600 _ _
+ 600 ) N.A, N.A 6.5 89.5
- B85¢ _
+ 850 10 N.A, N.A. 0.3 9.8

= 1180 _ _

+ L1180 )i N.A, N.A. 0.2 200.0
total | N.A, 100.0
N TR A T )




Run 4

% particle Blze Distributlion {(data as is and smoothed)

104

Bize g#ize cyclone cyclone ¢yclona cyclons

{um) clags | u/f u/f cum % | uw/f frac u/#
frac % § gmooth oum %

_ _ _ amooth

- 75 1 B, 5.4 5.4

+ 75 2 . 7. 2.1 1.5

- 106

4+ 106 3 4.1 11.2 4.2 11.7

- 150 N

+ 180 4 9.3 20.6 9.0 20.7

-~ 212 _

+ 312 B 13.2 33.8 12.7 33.4

« 300 _ _ . _

+ 300 [ 15.6 53.4 18.0 52.4

- 428 .

+ 425 7 2.8 63.2 9.8 62,2

- BQO _

+ 500 8 10.9 74,1 11.0 73,2

- 600 .

+« 800 9 17.9% 92.0 18.2 8l.4

= B850

+ 850 10 6 1 28.1 5.4 897.8

« 118G | .

+ L1180 11 1.9 1160.0 2.2 100.0

)




Run 4
% Particle 8ize Distribution (data as is and smoothed)

e ] o I e Y e ey
slze glgze goreen goraen poreen soreen
(um) slags | u/f u/f cum % Ju/f frae u/f

frac % % swoth cum %

- - . ) smouth

- 75 1 | 27.3 {a7.3 0 |26.8 26.8
+ 75 5.8 33.2 5.9 32.8
-« 106 . -
+ 106 3 9.1 42,3 9.1 4.8
- 150 _ _ 1 _
+ 150 4 14.58 56.8 14.5 56.4
- 212 1 .
w 212 8 15.6 72.4 15,7 72,1
- 300 . e
+ 300 6 16.4 88.8 16.4 £8.5

- 425 . o
+ 425 7 5.1 93.9 5.2 93.6
- 500 _ _ .

+ 500 8 3.5 97.4 3.6 97.2
= 600

+ 600 B 2.0 98 .4 2.0 99,2
= BB( _

+ 850 10 0.3 99.%7 0.4 99.86
» 1180 _ _

+ 1180 | L4 0.3

103



Run 4

¥ Partlele 8Size Distrivutlion (data asg is and smookhed)

102

o e L
glze glze garasen soreen straen gorean
() ¢lase | disch. dissh, disch. diseh.
frac % cum % frag % oum %

_ amoobl gmoakh
- 75 3.9 3.7 3.7
+ 75 . , 1.7 5.4

- 106

+ 106 3 3.7 9.3 3.8 9,2

- 150 _ _ _

+ 150 4 7.6 17.0 8.1 17.3
= 212

+ 212 5 1.0 26.0 11..7 29,0

- 300 )

+ 300 € 8.1 46,1 18.8 47.5
= 438 _ _ _

* 428 7 20,1 6.2 20,1 57.6
- 500 _ _ _

+ BO0 8 12.1 68.3 1l.9 69.5

= 600 _ _

+ 600 9 1.5 9.8 20.6 5,2

-« 850 . _

+ 8BO 10 7.6 97.4 7.3 97.5

- 1180

+ 1180 | 1l 2.8 100.0 2,5 100.0
total 100
AN iy




Bxp. 4 : Tesgt 3
General rumning conditdons ( data ag ls and smoothed
data }
_ _ o o _ _ . _
eyclone soreen gcraen u/f | thicketier
u/f _ digeh, prod
solid 1.430 0.930 0.490 0,200
L/hr as
i _ _ _
golid 1432 1.145 0.488 0.19%
t/hr
gnoothead _ . R
glurny 3.294 1.538 2.482 0.706
t/hy
gmookthed _
¥ Hao £5.88 25.67 80.74 71.68
purface _ _ _
& H20 55,83 25.586 B80.26 73,83
gurface
pmoothad _ _ .
% aph 17.12 18.33 21,67 12,50 o
% agh 17,58 15,04 2L.42 132.34
Lemoothes |
golid
serasn goraaen gurface surface inlat outlet
inlat outlet gcorean goresn goreen poreen
t/hr t/hy inlet outlat t/hr t/h
b/he k/hr
“&HGBL. 1.831 2,370 Egggg __koqz?s 0,376

101



100

Exp. 4 : Tast 3
Detailed solid mage balance across unit screan For sach
glze class
gize gize % mize goresn % gilza goreen
um clagy distn, inlet distn. outlet
Bereen t/hx sureen t/hr
) inlet out.let _
- 45 7.0 0,114 7.0 D.114
+ 45 0.9 0.0140 0.9 0,0144Q
- B3 _ _
+ 53 3 0.8 0.0130 0.8 0.0130
- 63 _ _
+ &3 4 1.5 0.0282 1.8 0.0252
- 75 ~ .
+« 75 -~ |5 2.4 0.03%4 2.4 0.0384
1085 _ _
« 150
+ 150 7 9.2 0.150 9.2 D.150
= 212 | _ _ _
+ 312 8 12.6 0.208 12.6 0,208
- 300 |, 5
+ 300 9 17.8 0.292 17.9 0,292
- 428 _ _
+ 4285 10 g.8 0.%44 8.8 0,144
- 500 _
+ 500 11 8.9 0,182 8.8 0.1862
- 500 _ o .
+ 500 12 16.4 0.267 16.4 0.287
-~ 850 e _ _
+ 850 |13 w7 n.0931 5.7 0.0931
= 1L80 . . . .
+ Li80 | 14 2. 0.0348 2.0 0.0348
L e e T,




Exp. 4 :

Test 3

¥ Total Retention ( data as is and smoothed data }

99

gize size % frac % aum % frac % cum

A ¢lagy retention | retention | retention | retention
_ _ gmooth AMOGth

- 45 13.1 13.1 15,4 19.4

+ 45 2.3 12.1 23.4 19.8

- B3 _

4 53 3 8.9 11.8 28.1 20,6

-~ 63

+ B3 4 15.2 12.3 34.2 22.7

- 75 _ .

+ 75 - | B 34,3 16.6 4Q.0 26.0

105 N

+ 108 8 43.2 24.3 47.0 31.8

- 158 _ 1 _

+ 150 7 50.9 33.8 53.3 39,2

- 212 _ .

+ 212 8 60.3 42.6 6l.4 46,4

= 300 . .

+ 300 9 TL..4 §2.0 7L.7 54.3

- 425 . .

+ 425 10 83.3 56.5 82.8 58.1

- 500 _

+ 500 11 80.1 él.1 89.4 62.2

-« 600 _ _

+ 600 12 96,4 67.7 85.7 88.1

- 880 L o .

+ 850 13 97.7 69.6 g4.8 69.8

= 1180 _

+ 2180 | 14 193,0 70.2 88.4 70.2

total 64,7 _ 59.0 _

- o e — e o




Bxp., 4 : Test 3
% Particle Size Distribution {data as is and smoothed)
glze |size |thickener [ thickener | thickener Tr=1:.7h:i.ckez:ua::
um class |prod frac | prod cum piod frac prod cum
. g % ¥ smooth % smooth
« 45 49,7 18,7 18,7 18.7
+ 48 1.8 20.6 1.9 20.8
- B3 _ _ _
+ B3 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 3l.6
- L0OG . .
+ 106 | 6 9.6 41.2 8.8 41,2
= 150 _ . -
+ 18O | 7 14.2 BE.4 14.2 B5.4
~ 232 _ _
4 2l2 |8 14.8 70.0 14.6 70.0
« 300 | .
+ 30019 15.0 85.0 14.9 B4.9
n 4258 .
+ 425 | 10 4.9 £9.9 4.9 B9 .8
- 500 | _ _ _
+ 500 | 11 4,3 04,2 4.2 94 .0
= 600 _ _
+ 800 | 12 4.1 98.5 4,2 88.2
« 880 | _ _ _
« 880 [ 13 G.9 98 .4 1.3 99.5
1180 _ .
i 14 0.6 100.0 0.5 100.0
1180 _ B
total 200,00 ] 100.,0
- e

g8




Exp. 4 : Test 3

% Particle Size Listributlion (data as is and smoothed)

oyclone

a1

size | slze oyclone cyclone _ cyclone
um clasg | u/f frac u/f cum % Ju/f frac % | u/f cum %
_ % gmooth gmootlb

- 45 1 4.9 E.4 5.4

+ 45 0.5 . 0.7 6.1

« B3 o .

+ B3 3 0.4 5.9 0.8 6.7

-~ 63 . .
+ 63 4 .9 6.8 1.3 8.0

- 75 .

+ 75 5 1.8 8.6 2.0 9.9

- 1086 _ 3
+ 106 | & 3.9 12.4 4.1 la.1
- 150 L

+ 150 | 7 8.2 20.6 B.5 22.6
- 212 1 . .
b 2121 8 12.0 32.6 12.3 34,9
- 300 .

+ 300 | 9 18.3 80.9 18.3 53.2
- 4251 _ .

+ 425 | 10 9.8 60.6 5.4 62.6
= B00 . :
+ 800 | 12 11,4 7.7 0.7 73.3
-~ GO0 _ .

+ 600 | 12 18.9 90.8 18.0 932.3
-~ 850 _ _ . _
+ 8EQ J 13 £.6 97.2 6.3 97.6
1180 » .

- 14 2.8 100.0 2.4 100.0
1180

total | 100.0 _ .00.0
e g = i TR T T T




Exp. 4 : Tesk 3

% Partlcle $ize Distribution (data as is and smoothed)

Iis A -

gize gize gorean pureen poreen u/f | screen
urh clage | u/f frac /8 cum & | frac % u/f cum %

_ % BrAGOLR smooth

+ 45 2 2.2 21,3 2.2 21.1

- 53 _

+ 53 2 1.% 23.2 1.9 23.0

- 63 |

+ 63 4 3.4 26.7 3.4 26.4

- 175 R _ .

+ 75 B 4,9 3.6 4.9 31.3

- 106 | _ .

+ 106 | B 8.6 40.2 8.5 35.8

- 1%0 _

+ 150 | 7 14,6 54.8 14.4 B4,2

- 212 .

+ 21218 16.4 71.2 16,2 70.5

= 300 _ .

+ 30019 17.4 88.4 17.0 87.5

-~ 425 | _ _ o

+ 425 | 10 5.1 93.4 5.2 892.46

-~ 500

+ 500 211 3.4 96.9 3.5 96.2

- 600 _ _

w 800 | 12 2.1 89.0 2.4 28.6

- BS0 e _

+ 850 | 13 0.4 99.4 D.6& 99.2

1L80 .

o 14 D.6 100.0 0.8 140.0

1180

tetal 100.0 L00.0
mm i

12




Run §

% Particle Hize Digtribution (Data ag is and smoothed)

Li8

I N
glze gize thickener | thickenaer | thickener | thickenez
{um} class | prod prod cum | prod frac | prod

frac % % ¥ smooth oum %

_ _ . _ gmooth

« 78 40.9 40,9 39.6 19.46
+ ‘15 2 7.4 48,3 7.8 47.1
- 106
+ 106 3 9.0 57.3 9,1 Eg.2
- 150 .
+ 150 4 11.2 68.5 11.2 67.4
- 212 . .
+ 212 5 10.%1 78.7 0.2 .8
- 300
+ 300 6 10.8 Bg,2 0.8 88.1
- 425
+ 425 ) 3.4 92.8 3.7 g1.8
- 800 .
+ 500 8 3.4 8¢.2 3.3 88,2
- 60 )
+ 600 9 3.4 99.6 3.3 98.5
- B50 . -
+ B850 10 0.4 L00.0 1.1 98.4
- 1180
+ 1180 11 g.0 ) 100.0 0.4 100.,0
total 100.0 200.0 _

L o = o e




Run §

% Particle 8Size Distribution (Data as lg and smoothed)

117

alze gize pyglong ¢yclone gyclone eyclotie
fum) class [u/f w/f cur & |u/f frac |u/f
frae % % smooth cum %

. _ gmoosh
« 75 1 . 4.8 3.9 3.9

+ 75 2 . 6.4 ' 5.6

- 106 . _ "

+ 106 3 2.8 9.2 2.9 8.5

= 450 _ .

+ 180 4 4.8 14.0 4,9 13.4

« 212

+ 213 8 7.8 21.8 7.8 aL.2

- 300

+ 300 8 15,3 7.1 15.% 5.8

- 425 . _

+ 428 7 30.0 47 . 16.0 46.8

- B0Q _

-+ 500 8 12.9 0.0 12.8 59.4

= 600 _

+ 600 8 25,4 85.4 25.5 84.9

- 8§50 _ . ” 1

+ 8B0 10 9.8 5.3 10.3 g8.2

« 1280 _ _ N o
f+ 1380 311 4.8 100,90 4.8 ] 100.0
tabal | 100.0 100.0 _ _




Run §

¥ Particle Bize Distribution (Mata awm is and smosthad)

[rral g e T Tt _ml
gplue plze gurean goroen soreen garaan
(um} clase |u/f u/f cum ¢ | u/f frac u/f

frac % % smooth cum %
L . . smooth
- 75 1 38.3 36,3 35,2 35.2
+ 75 é.3 42 .8 6.5 41.6
- 104 _ _
+ 106 3 8.3 50.8 8.4 50.0
« 150 _ _ .
+ 150 4 10,6 &l.4 10.6 60.6
ey n
“ 212 5 11.4 2.8 11.4 71..9
~ 300 - -
+ 300 g 4.2 87.1 14.0 BE.9
« 428 .
4+ 425 7 5.6 92.7 5.7 01.4
-~ 500 ) _
+ BQO 8 4,1 96.9 4.3 96,0
- 600
v 600 9 2.8 89,7 2,9 58.%
-~ BE0 _ _ N
4 850 10 g.2 100.0 0.6 8p.5%

L-.1180 | _

+ 1180 1l 0.0 100.0 0.8 100.0
tokal 100,0 100.0

1ie



% Partlcle 8ize Dilstribution {data as i and smoothed)

Run B

sisa slza puf dis | aon dis san dis gen dia sen dis | son dis
{um) 486 | A A oovm & A fras ¥ (A cum & B fras | B oum b
fixng gmooth Bmacth §

- 75 11 3.7 ] 3.7 3.7 5.1 5.1
4+ 15 2 1.3 . 1.7 5.5 1.4 6.4
- 106 _ . .
+ 106 |3 2.8 9.3 3.8 8.4 2.7 8.2
= 150 . . -
+ 150 | 4 4,6 17.0 8.1 3.0 5,1 14.2
- 212 _ _
+ 212 | B 7.0 26,0 11,7 20.4 &.0 22.3
- 300 .
+ 300 1 8 14.6 46.1 18.5 34,8 15.2 37,2
- 425 _ . .
w 428 | 7 9.7 56.2 1¢.1 44 .4 10.L 47 .6
= 500 _ _ . y
v« BOQ | 8 13.0 8.3 11.9 57.3 12.8 80.4
« 600 . .
+ 600 1 8 27.9 85.8 20.6 84.1 26.1 86.58
- BEQ _ . . | _
+ 850 | 10 11.3 97.4 7.3 88,1 10.1 9¢.7
1180
*h 1l 4.2 L00.0 2.5 100.0 3.3 108.0
1180 .
total L 100.0 L00.0 100.0

1 -t — = =
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Run 4

General Running Conditions ( Data as 1 and emoothed }

114

oye thk gon sen uw/f | fead o | aye thk o/f
u/f prod dig _ eyt o/§
golid 1.1as N.A. 1.1321 D.ETT_I H.A. 0.18% N.A.
e/he
se.lid 1.130 ¢.121 0.973 pb.278 1.318 f.188 0,067
t/hy
smeoth
glurry 2.400 N.A. 1.510 1.280 N.A. T.9498 M.A,
t/he _ _
glurry 4.4948 0.339 1,313 L3758 9,661 7.378 7.028
v/ My
gmooth _ _ _
¥ H20 52.88 N.A. 25,47 77,98 N.A. 97.86 M.A.
B H20 E0.83 64,32 25.88 79.03 BG.36 0%.45 99,08
smooth _
¥ aolid 47.14 N.A. 14,53 22,02 N.A, 2.55 N.A,
& golid 49.17 AE.88 74,13 20.9% 13,64 2.85 ¢.95
anooth _
L R -~ _m:nﬁﬁmm
N.B. ¥ H20 o gurface molgturs
R === - ——— o
golld galid H2D wen | H2O sen | Bolid golid Hao H2O eyw
Ban gan inlet cutlet ey oy ey suklet
inlet outlet | &/hr t/he inlet odutlet inlet | e/he
/b &/hr B B/hy k/hy t/he
1,281 1,251 1.386 (1,387 |a.318 1.318 8,343 | 8,388
oT— - e — —- =
—
golid solid H20 thk | H20 thk | aolid golid Hao Hab
thk thik Inlet outlet sump gump sump sump
inlet outlat t/he t/hy inlet outlet inlat ] ouklet
e/he L/l e/he t/hr k/he t./hx
0,188 0.188 7.190 7.176 1,318 1,318 8,345 8,343




Run 4

Detailed Solid Mase Balance for Bach Slze (lass

e
Bize size % size HURE & size gunp
{um) class | distri, inlet olatrd. sutlet
sump solid suwp golid
inlet flow rate | outlet Elow rabta
. t/hr _ £/hr
+ 75 2.7 0.0355 2.7 00,0358
~ 106 _ _ .
+ 106 3 4.8 0.0639 4.8 0.063%
= 150 _ .
+ 130 4 9.4 0.123 8.3 d.123
~ 213 , . .
+ 213 5 12.2 Q.16 12,2 0.1861%
- 300 _ _ _ )
+ 300 6 17.2 0.226 17.2 0.326
- 425 .
+ 428 K 8.6 0.223 8.6 0.113
-~ 500 _ .
+ B0O 8 9.8 0.126 9.5 0.126
- 600 .
+ 600 |9 18.7 0.206 15.7 0.206
- 850 .
+ 850 |10 5.5 0.0726 5.5 0.0726
- 1180 .
+ 1180 11l 1,8 0.0357 1.9 0.0257
e T ” zemo Rt
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Detailed Solid Mass Balance for Bach Size Class

Run 4

gize Bize % size thickener | % size thiakaner
{um) class | distri. inlet distrdl. outlet
thickener | solid thickensr | golid
inlet flow rake | gutlet flow rate
e/ _ L/ he
-~ 78 1 55.3 £.,104 5.2 0.104
+ 75 6.4 0.0121 6.4 0.0121
- 1086
+ 106 3 8.8 a.0182 g.6 0.0162
~ 150
+ 150 4 1l1.2 0.210 11.2 0.0210
= 212 _ ]
+ 2L32 g 8.5 0.178 9.5 0.0178
- 300 _ _ L
+ 300 -3 6.0 0.113 6.0 0.0113
~ 435 _
+ 4285 Vi 1.4 0,00287 1.4 0.00267
~ 500 .
+ 500 8 0.8 0.00147 0.8 0.00147
-~ 600 _
+ 600 ] 0.4 0.,000%763 0.4 0.000763
- BEQ _ _ N .
+ 850 {10 0.3 0.000479 | 0.3 0.000479
- 1180 . _ _
+ 1180 | 1i 9.2 0.000318 |0.2 0.000318
Rt T —
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Detailed Solid Mass Balance f£or Bach Size Class

Run 4

size slze % silze eyclone % size cyclone
{um} class | distri. inlet distri, outlet
eyclone golid cyclone golid
inlet flow rate | outlet flow rate
t/hr t/he
~ 75 12.5 0.185 12,8 0.165
+ 75 2.7 0.0355 2.7 0.0385
- 106 _ _
+ 106 3 4,8 0.063¢9 4.8 0.0639
=« 350 _ . :
« 150 4 8.3 0,123 9,3 0.123
« 212 . .
+ 212 5 2.2 0.161 12.2 0.161
-~ 300 _ _ _ )
+ 300 8 17.2 0.226 17.2 0.228
- 435 .
+ 425 7 8.6 ¢.113 4.6 0,123
~ 500
+ 800 8 8.5 0.L26 8.5 0.12%
-~ 600
+ 600 9 15.7 0,206 15.7 D.206
- 850 .
+ B850 0 5.5 0.0726 5.8 0.0726
- ll.a0
4 1180 Ll 1.9 G.0257 1.9 0.0257
e




Detailed Solld Mass Balance for Each Size Class

Run 4

glze size % pize soreen % gize Boreen

{um} clags | disgtri. inlet distrdi. outlet
screen gsolid Bdreen solid
inlet flow rate {outlet Elaw rate

t/hr t/hr

- 75 1 B.9 0.1L11 g.111

+ 75 0.0327 . 0.032%7

- 106 _

+ 1NG 3 5.0 0.0&623 5.0 0.0623

~ 150

+ 150 4 9,5 0,118 9.5 g.11%

o~ 212 _

+ 212 & 12.6 0 158 12,6 0.158

- 300 _

+ 300 [ 18.1 0.226 18.1 0.228

- 425

+ 425 1 5.0 0.113 9.0 0,113

~ 500 _ .

+ 500 g8 10.0 0.126 10.0 c.lz26

- 600 L |

+ 600 9 16.5 0,206 16.5 0.206

- BEBD

+ 850 16 5.8 0.,0725 5.8 0,0725

« 1180 _ . N

+ 1180 11 2.0 0.0255 2.0 0,0255
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Run 4

¥ Total Retention ( data ag is and smoothed )

glze size total % total % tobal % total %

{um} clags | retention | retention | retention | retention
Erac. cum % frac cum

_ smooth gmooth

- TR 1 36.6 36.6 32.6 az.a

+ 75 2 53.8 40,6 49.8 36.5

- 108

+ 10& 3 62.2 47.1 59.4 43 .4

~ 150 _ .

+ 150 i 68.0 54.8 66.1 8L.7

- 212 _ .

+ 212 B 74,1 81.0 72.3 58.5

- 300 _ _

+ 300 [ B81.7 &7.8 79.8 65.3

- 425 L

+ 425 7 B8.% 70.8 87.2 68.3

- 500 ) .

+ 500 8 93.3 73.9 92.1 71.8

- 600 _ L

+ 600 g 87.8 78.5 97.4 76,1

-~ BBO _ .

+ B850 10 88.0 79.8 98.3 77.4

- 1180

+ L1E0 1.1 97,2 80.2 95.6 77,8

total Bg.2 77.8
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Run 4

% Total Retention { data as is and smoothed )

gize size total % total % total % total %
{um) class | retention [ retention | reterition | retention
frac. cum % frac cum
_ amoonth smooth
- 75 1 36.6 J6.& 32.6 2.6
+ 75 53.8 40.6 458 .8 36.5
- 106
+ 106 3 62.2 47.1 859.4 43 .4
-~ 150
+ 180 4 68.0 54.8 66.1 51.7
- 212
+ 212 g a1l 61.0 72.3 58,8
- 300
+ 300 5 81.7 87.8 79.8 65.3
- 425
+ 425 7 88.9 70.8 87.2 68.3
- 500 .
+ 500 8 83.3 73.8 92.1 71.5
- 60§ _
+ 600 9 97.8 78.5 97.4 16.1
- 850 _ . .
+ 850 10 898.0 79.8 98.3 7.4
- 1180
+ 1180 1L 97,2 80.2 u5.. 77.8
total 80.2 77.8
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Run 4

% Particle Size Distribution {data as is and smoothed)

s

=

size size thickener | thickener | thickener | thickener

{um) class | o/f frac o/f cum o/f Frac o/f cum %
% % % amooth smooth

- 75 N.A. N.4, 80.8 80.8

+ 75 2 N.A. N.A, 4.2 85.0

- 10§ .

+ 1086 3 N.A. N.A, 2.3 B7.3

- 150 _

+ 150 4 N.A. N.A. 6.2 93.5

- 212

+ 212 5 N.A. N.A. 5.2 88.%

- 300 . )

+ 300 6 N.A, N.A, 0.4 99.1

- 425 _ _ .

+ 425 7 N.A N.A. 0.2 99.3

- 500

+ 500 8 N.A N.A. 0.2 99.5

- 600 .

+ 600 9 N.A. N.A. Gg.2 99.8

- 850 .

+ 850 10 N.A. N.A, 0.2 99.8

- Y180 . .

+ 1180 11 N.A. N.A. .2 100.0

tokal N.A. 100.0
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Run 6

% Particvle 8ize Dlstribution (Data ag is and snocthed)

Blze size gyclone cyclong cyclone cyalone
{um) class | u/f u/f cum ¥ | u/f frac u/f
frao % % ewmooth gum ¥
_ gmooth

- 75 3!1 3l1
+ 75 ' 5.0 . 4.3

~ 1086 _

+ 106 3 2.5 7.5 2.3 8.7

- 150 .

+ 150 d 4,8 12.3 4.5 11,2

- 212

+ 212 5 8.1 20.3 7.7 18.8

- 300 _ .

+ 300 6 15,8 6.3 15,7 34.5

- 425 _

* 426 7 110,3 46.8 10.4 44,9

~ 500 .

+ B0OQ g 13.2 59.8 13.¢6 58.5

-~ 600 _ .

« GO0 5 26.1 B5.9 26.6 85.2

~ 880 _ . .
+ 850 10 10.4 96.3 0,7 55.8

- 1180

+ 1180 |22 3.7 100,90 4,2 _ 100.0
rotal 100.0 00,0
S e N T e e e
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Run 6
¥ Particle Size Digtribution (Data as iz and swoothed)

R e e it Lo = — = s T
slza gize gorean soraen sorsen gorean
{um) class | u/f w/f oum & {u/f Erac u/E

frac % % mmooth cumn %

o . _ gmooth

- 75 1 34,5 | 34.8 33.7 33,7
* 75 2 6.8 8l1.3 6.8 40.4
= 106 _ _ -
+ 106 3 B.,2 49.5 8.1 48.5
- 150 . .
+ 150 4 10.8 60,2 10.8 58.1
n_ 212 - . .
+ 212 B 1.8 2.0 11..6 0.8
- 300 . _ .
+ 3100 é 14.6 86.86 14.4 g85.2
- 425 _ .
+ 435 7 8.8 92.2 5.7 20.9
= B0 _ .
+ BQ0 8 4,3 96.5 4,4 95.3
= 600 _
+ 600 9 2.0 08,5 3.8 98.8
- 850 _ ) _ . ~ _
+ B850 10 0.3 94,8 0.7 848.5
- 1380 _ _ .
+ 3180 11 0.2 1.00.0 6.5 100.0
kobtal 100.0 . 100.0 _— . .
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Run 6
¥ Particle Size Distribution (data as ig and smoothed)
= 2 —=— = e e e
side ziza son dis | sonh dis acn din gen dia yen dis | 2an dis
{xim) alass | A Aocunm % |Afrac % JAcumd [ DB frac | B ocum &
£fraa & amooth smaoth | &
- ’?5 1. 3-4 3.4 2-3 i 2.3 5-3 [
+ 75 2 1.5 4.9 1.3 3.8 1.4 .
~ 106 _ o _
+ 106 |3 2.9 7.8 2.8 6.2 3.0 9.7
- 150 | .
+ 180 ] 4 5.3 13.1 4.7 10.9 B.4 15.1
= 212 _ _ _
+ 212 | B 4,1 21.2 7.7 18.6 8,6 23.7
= 300 _ . . _
+ 300 |6 15.3 36.4 15.0 33.6 15.4 39.2
- 425
4+ 425 (7 10.0 46.4 10.1 43.7 10.0 49.2
- 500
+ 500 | 8 13.4 E9.8 13.6 BY.3 13.1 62.3
~ 600 _ _ "
“« 6Q0 19 26.1 85.9 27.3 84.6 25.0 87.3
- 8§50 _ _ A9
+ BS0 ] 10 10.3 6.3 1L1.1 85,7 9.4 08,7
1180 . . _
+ 11 3.7 100.0 4.3 100.0 3.3 100.0
1180
total 100,90 100,0 100.0
o i
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Run 5

General Running Conditions ( Data as is and smoothed )

- e
=
ove thk sen gen u/f ) fead to { aye thk o/t
u/f prod dig oye o/t
solild 2.G30 0.590 1.580 G.640 N.A. 0.610 0.020
/e .
goild 1.984 0.582 1,672 0.676 2.5a68 t.603 0,021
L/
gmooch | _ _
glurey 4,200 1,450 2.060 2.584 WA, 7,080 MN.A.
L/hr
slurzy 4.110 1.469 2.447 3,133 13.393 7.288 5,857
£/l
grooth . .
¥ H20 51.86 | 60.40 | 23.47 | 78.34 78,80 91.37 | 99.64
¥ H20 52.17% A0.37 £3.49 70.43 77 .48 91.73 99,64
amogth . s
% golid 48,14 39.60 76.53 2l.66 21.20 8.63 0.36
¥ solid 47,63 33,83 76,51 21,57 22.54 B.2V 0.36
amooth
— = =
R.B. ¥ H2D o surface molgture
golid salid Ha0 sen | H20 een | Aolid golid H20 H30 ave
gen Ben inlet outlet oy eye ayc outlet
inlet outlat t/hy u/hy inlet putlet inlet | t/hr
t/he | k/hr e/hr t/he &/
2,548 2.548 3.031 3.032 2,568 2.569 9.825 8,828
golig goiid H20 thk | HaD thk | Bolid golid H2G H2Q
thl thik inlet outlet BUMp gump gurip sump
inleg outlet t/he e/he inlet outlet inlet | outlet
u/ t/he L/he t/hy t/hr b/hr
0,603 8.603 5,885 6.763 2,569 2,568 §.908 | 8.825
e e T e
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Datalied Solid Mags Balance for Bach Size Class

Run 5

12¢

aize pize ¥ piue sump % gize st
{um) cluas | distri. inlet digtri. outlet

gump solid sump golid

inlet flow rate | outlet flow rate

_ t/hx y t/he
- 75 1 12,2 [9.313 12,2 0,312
+ 75 2 3.0 1 0.078L 3.0 0.06781
- 106
+ 106 3 4.4 0,114 4.4 0,113
-~ 150 .
+ 150 4 6.5 0.167 3.5 0,167
- 212
¢ 212 5 8.5 0.218 8.5 0.218
=~ 300 _ 9 _
4 300 ] i4.% 0,363 4.1 0,363
- 425 L L .
+ 425 7 8.5 0,219 8.5 0,219
~ 500
+ 500 8 0.6 0.372 10.6 0.272
= 600 .
+ 500 9 20.3 0.522 20.3 0.821
~ B850 . -
N
+ 850 10 8.1 0.208 8.1 0.209
- 1180 _ .
+ 1180 1l 3.7 0.0960 2,7 0.0680
e e e e e




Run &5

Detalled Solld Mass Balance for FRach Size (Class

125

Fﬁﬂ =7 N el =
gize pize % gize thickener | % silza thickener
(um) class [ dlstni, inlet digtxd. outlat

thickener | solld thickaner | solid

inlet flow rate | oubklet flow rate

t/hr _ jt/hy

- 75 38,1 0.236 139.1 0.236
+ 75 7.4 0.0445 4.4 0.0445
- 106 . .
+ 106 3 9.3 0,0863 8.3 0.0564
- 150 _ _
+ L850 4 11,7 ¢.0708 1.7 0.0706
- 217
+ 212 5 10.7 0.0648 7 0.0648
= 300 o _ . B .
+ 300 [ 10.2 0.0612 18.2 0.0612
- 425 _ .
+ 425 7 3.6 0.0218 3.6 0.0218
-~ B0 .
+ 500 8 3.2 0.0185 3.2 0.0195
- §00 _
+ 800 9 3.2 0.0183 3.2 0.0193
- 850 ) _
+ BEQ 10 1.1 0.006437 1.% 0.006486
-~ 1180 1 .
+ 1180 il 0.4 0.00264 0.4 1 0.00284

- T e T s S S e s L T S e e T




Detailed dollid Mass Balance for Bach Size Class

Run 5

gize giza % alze avelone % gilzme cyclone
(um) claps | digeri. inlet distrd. outlet
cycione goid tyclone golid
inlet flow rate | outlet flow rate
_ t/hr E/hx

- 78 12.2 0.312 12.2 0.313

4+ 75 3.0 0.0781 3.0 0.0781
- 106 _ .

+ 108 3 4.4 0.113 4.4 0.114

- 150 . .

+ 150 4 6.5 Q.167 6.5 0,167

= 212

+ 212 5 B.5 Q.218 g.5 0.218
~ 300 _ _

+ 300 8 14.1 0,363 14 .1 0.363

- 425 _ _ .
e 425 7 8.5 0.21% 8.5 D.219

- 54§ _

+ 500 8 10.6 0.272 10.6 g0.272
= 600 _

+ 600 9 20.3 0.5821 20.3 0,821

- B&Q _ .

+ 8B0 10 8.1 0.209 8.1 ¢.299

- L180 _ .

+ L180 1L 3.7 g.0060 3.7 0.0961
Ly e o R T T P - L - —.
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Detalled Solid Mass Balance for Hach Size Class

Run %

——

Blize glze % size screen ¥ gige ECraen

{um) class | distxi, inlet distri. outlet
goreen golid Béreen golig
inlat flow rate | outlet flow rate

| t/hr t/hx

~ T8 12,1 0.307 12.1 0.308

+ 78 2 3.0 0.0770 3.0 0,0770

-~ 106

+ 106 3 4.3 ¢.110 4,3 0.110

- 150 _ A

+ 150 4 6.3 0.162 6.4 0.162

- 213 _

* 212 [ 8.3 0.212 g.3 0.212

~ 300 .

+« 300 6 14,2 0.383 14.2 0.363

-~ 4258 _

+ 425 7 8.8 0.21% 8.8 0,219

-~ 500 _

+ 500 B 10.7 0.272 10,7 0.272

-~ 600

+ BDO -] 20.4 0.521 20.4 0.521

= BHKO _ .

4+ 8580 10 8.2 0.209 8.2 0.209

- L1180 . L

4+ 1180 11 3,8 0.0860 3.8 0.0940
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REun 5

% Total Retention ( data ag iz and smoothed )

glze size total % botal % total % ltotal &

() clags | retention | retention | reténtion | retention
frac. cum % frac cum

» _ _ smooth gsmooth

- 7B 27.58 27.5 a2.7 22,7

+ 75 48 .8 31.8 43,2 26,8

- 106 _ _

+ 106 3 52.8 36.4 48.56 31.7

- 150 . i .

+ 1580 4 E5.0 41.9 B§.9 a7.6

w 212 _

+ 212 8 €6.5 47.9 £3.8 44 .0

- 308 .

+ 300 (] 5.7 BE6.0 74.0 52.8

- 425 ) N

+ 425 7 84.1 60.13 82.3 B7.3

- 500 .

+ 500 8 v, 6 65.0 89.2 62.3

- 600

+ B0O g 88.7 72.4 96.2 Ta4.2

- BED - L .

+« BEO 10 59,1 74.6 88.0 72,86

-~ 1180 _ . .

+ 1180 11 100.0 75.6 95,4 73.5

= e
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Run 5

% Partlcle Size Distributlon {(PData as ig and smoothed)

gize gize tilckener { thickener | thickener | thickener

{um) clasg | o/F of/f cum % | o/f frac o/t
frac % ¥ smooth cum %

- . smooth

- 78 1 24,3 24,3 24.3 24 .3

+ 75 5.4 25.7 5.4 259.7

- 106 .

+ 1086 3 17.1 46.8 17.1 46 .8

= 150 .

+ 150 4 24 .9 7L.86 24 .9 71.6

= 212

+ 212 5 28,2 897.8 26.2 97.8

- 300 _ . .

+ 300 6 0.4 98.2 0.4 58.2

- 425

+ 425 7 0.4 98.6 0.4 898.6

- 500

+ 500 g 0.4 98.89 0.4 e8.5

- BQ0 _ .

+ 600 g 0.3 99.3 0.3 99.3

- 850 .

+ 850 10 0.4 58,8 0.4 99.6

- 1180

4+ L180 1l 0.4 100.0 0.4 106.0

botal 100.0 LGO.6
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Run &

¥ Particle gize Distribution {(Data as is and smoothed)

gize size cyclone ¢yclone cyclone ayclone

{wa) clags | feed feed cumn | feed frac | feed
frac % % % smooth cum %

. . . _ smooth

- 75 A 10.6 10.6 12.2 12.2

+ 78 2 2.8 13.4 3.0 15.2

- 106

+ 106 3 4.2 17.86 4.4 15.86

- 150

4+ 150 4 6.4 24.0 6.5 26.1

- 212 .

4 212 5 8.6 32,6 8,5 34.6

« 300

+ 300 6 14.7 47,3 4.1 48,7

- 425 | _ .

+ 425 7 8.6 56.0 8.5 B7.3

- 500 _

+ 500 8 10.9 66,9 10.6 67.8

-~ 600

+ G800 g 21.2 88,1 20.3 88,1

~ B850 _ o e 3

+ 850 10 8.5 96.6 8.1 96.3

~ 1180

4+ 1180 A, 3.4 100.0 3.7 100.0

tokal 100.0 100.0
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Run 5

% Particle Size Distribution {(Data as ig and smoothed)

gize Bize gyclone cyclone ayclone cyclone
{um) clags | o/F o/f cum % | o/f frac o/f

frac % % smooth oum %

_ smooth
~ 75 1 40.7  140.7 39,1 39.1
+ 75 2 7.4 48.1 7.4 46.5
- 106 1 _
+ 108 3 9.5 B7.7 9.3 E5.8
- 180 _
+ 150 4 12.0 69.7 il.7 67.5
- 212 _ _
+ 212 5 1.0 80.6 10.7 74,3
- 300
+ 300 6 10.1 90.7 10.2 88.4
- 425 _ _
+ 425 7 3.3 94,0 3.6 g2.1
-~ 500 .
+ 500 8 2.7 96.7 3.2 95.3
- 600 ) ) 1N .
+ 600 o 2.4 89.1 3.2 98.5
< BED _ o . _ .
+« 880 10 0.6 99,7 1.1 99.6
- 11B0Q _ .
+ 1180 11 ]10.3 _ 100.0 0.4 | L00.0
botal 1100.0 _ 100.0
e e
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Table 1 : Detalled Results of Brperiment A

tagt

_ ug/g £ine doubla | double | % H20 |% unf
I.D. ratio |bed layer | layer |aftar |2reten.
depth, |depth, | final |mixing |w.x.t.
s min % H20 |and faad
vibra- {ultra
tion fine
nass
Al,L |0.20 3§.OD | 34,00 |19.8% j[1l.73 1{100.00
A l.2 ¢.20 35,00 {a5.00 |2L.58 14565 _ 100,00
A 2.1 |0.22 35.00 35.00 19,58 [218.,37 [100.00
A 2,2 0.22. 35.00 34.h0. 25.11 15,18 | 100.00
A 3.1 ]0.25 35.00 .35.00 23356 _16.30 BB.B&
A.3.2 0.25 30,00 }31l.00 |24.80 20,87 85.12
3 3,3 0.25 35.00 53.00 24.28 14,39 .83.33
A.3.4 0.25 35.00 }3z.80 | 23,51 19,31 |95.21
A4l 0.29. 36.09_. 40.00 25.95. 17.50: 78(§5
A 4.2 0f29 34.50 |39.70 25545 23.90 |77.88
A 4,2 10,29 34,50 |38,70 |24.87 [28.58 |87.60
A 4.4 0.29. 34,00 38.90 24;97 22.50 84.06
& 4.5 10.29 34,00 [38.50 [23.,32 (22.70 |88.99
& 4,6 |0.29 35.?0 39.00 27.82 la22.70 81.40
A 4.7 0.29 35.00 (38.50 {25.85 |23.60 |81.49
A 4.8 |0.25 |30.00 |34.80 |25.65 |22.40 |82.82
A4.9 0.§9 41,50 | 35,00 24.75 23.10 |B82.99
A 4,10 10,29 34.50 |38.70 |26.06 |[22.50 |8l.08
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APPENDIX B Detailed Data For The
Laboratory Scale Test Work
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Run 6

General Running Conditidons ( Data as ilg and smoothed )

140

e e e e e e e — e — P e
2y thk aun gen u/f | fead to | cyw thk o/f
u/f prod dis eye o/
golid 1.95) g.600 1.330 0.470 WN.A. 0.470 N.A.
b/he _ _ _
golld 2.037 0.390 1.962 0.466 2.477 G.440 0.04%
t/hy
girooth _
gluryy 4,090 1.470 1.770 2.19¢ M.A. 8,536 N.A.
&/nz _
alupry 3.980 0.%38 2.637 2.250 11.125% T.14) G.174
/e
gmeoth _
% Ha20 52,32 | 50,86 | 25.08 | 78.34 75,68 | 94.54 | N.A,
% H2¢ 48,94 £8,30 25.58 78.65 7.1 93.84 99,2y
smooth -
% dolid | 47.68 J4a2.14 | 74,92 21,46 24.32 5,46 N.A.
¢ Bolid §1.06 43,70 74.42 25,38 23,46 $.16 0.7%
arooth
o g A |
N.B. % H2O0 « surface molaturae
[T — e e T ey T PR B iy
solid galid HA0 sen § H20 yen | solld salid H20 H20 cye
gon san inlet outlel oye cye ey outlet
inlet putlet t/hr &/hy inlet autlet iniat E/hy
e/hy t/hy _ & /hr &/ w/hr 1
2.439 a.428 2.498 4.429 a.477 2477 g.644 8.6448
T R i T - e M it i ey
gaoild golicg H2O thk | H20 thk | solid golid K20 H20
thik thk inlet outiat gumg ump aumg BUD
inlat outlet £/ t/he inlat aukley inlet gutlet
./l B/hr t/hr t/hr t/hy t/hy
0,440 0.4 6,700 6.670 3,677 2,477 8.633 | B.648




Run 6

Datailed Solid Massg Balanae for Bach size Clasg

gize size % gize gsump % pize gump
{um) clags | dlstrd, inlet dilatrd. outlet
gump golld sump polid
inlet flow rate | outlet £low rake
g/ he t/he
- 75 1 9.3 0.225 9, | 0.238
+ 75 A . 0.0818 2, 0.0615
- 106 . _
+ 106 3 3.9 0.0857 3.8 f1.0987
- 150 . . -
+ 180 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 0.3861
- 428
+ 425 i 9.1 0.228 8.1 0.228
- BOO .
+ BOD 8 li.6 0.288 11.86 0.287
- 600 1 .
+ a00 ] 22.3 0,552 22.3 0.552
- 850 i
+ BEQ 10 B.9 D.221 8.9 0.223%
« 1180 L . .
+ 1180 L1 3.5 0.087) 3.5 D.08/1
e e e T A o P TR i A




Run &

Detaldled Solid Mass Balande for Bach 8ilze Class

138

e e e — - —
gize gizae % slze thickener | % size thickener
{um} clage | distrei. inlet digted, sutlat
thickensr | sulid thickener | golid
inlet flow rate | outlst Elow rate
t/hx t/he
- 75 4 36.9 0.1682 36,9 0.162
% 78 8.3 0.0365 8.3 0.03864
= 106 N .
+ 186 3 11,0 0.04823 11.¢ 0.0482
- 150 _ .
+ 150 4 13.7 0.0801 13.6 0.05%99
- 212 . L
% 212 & 131.8 0.0519 11.8 0.0518
- 300 _ . .
+ 200 é 9.6 0.0420 9.6 0.0420
- 425 _ .
+ 425 7 3.0 0.0133 3.0 0.0123
~ 500 . .
+ 500 g 2.5 £.0110 2.5 0.0110
- G00
+ 600 9 2.2 3.00582 2.2 0.06980
- 850 _ ) .
+ B50 1G 0.7 0.00293 0.7 0.00293
= 1180 .
4+ 1180 1L D.3 0,.00183 0%3 0,00153




Detailed Solid Mass Balance for Sach Size Clasgs

Run

6

S
size gize % size cyclone ¥ gize eyclone
{um} class | distrd. inlet distri. outlat
cyclone solid gyclone solid
inlet flow rate | outlet flow rate
t/hr b/hy
- 75 i 9, 0.225 9.1 10,2285
+ 78 2 a. 0.08619 0.0619
~ 106 _ _ _
+ 106 3 3.5 0.0857 3.9 23,0857
= 180 _ _
+ 150 4 6.1 0.1.52 5.1 ¢.15%
- 212 o _ . _
4+ 212 g 8.4 0.209 8.4 0,209
- 300 . . _ .
+ 3100 a 14.6 0.3862 14.6 0.361
= 425
+ 425 7 9.1 d.225 2.1 0,228
-~ 500
+ 500 8 1l.6 0.287 11.6 0.287
- 540 _ _ . .
+ 600 9 22.3 0.5852 22.3 0,552
- 85O
+ BEO 10 8.9 ¢.221 8.9 0,221
- L1l80 _ .
+ 1180 21 3.5 10,0871 3.5 0.0871%
— F——
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Detailad Solid Mass Balance for Bach Size Class

Run 6

gize gize % size paraei % give goreen
{um) alags | distxdl. inlet distrd. outlet
gcraen solid goreen golid
inlet flow rate | outletb flow raka

. t/he t/hr

- 75 1 B.3 0.203 0,203

+ 78 e 2.4 0.0572 R 0.0873

-~ 106 _

« 1086 3 3.6 0.0877 3.6 0.0878

- 150 _ . _

+ 150 4 5.8 0.142 5.8 0.142

- 212 _

+ 212 B 8.4 0.208 8.4 t.208

- 300 _ . . .

+ 300 B 14.8 0.361 14.9 0.361

- 428

+ 425 7 5.3 0.228 8,1 0.228

- 500 o

+ 540 8 1L.8 0.287 11.8 H.287

- §00 _ _ _ .

+ 600 9 22.7 0.552 2.7 0.552

= BEQ _ . . . |

+ 85D 10 9.1 0,221 9.1 0.221

- 1180

+ 1180 11 4.6 0.0870 3.8 0.0870

RO e

FE Y Y



Run 6

¥ Total Retentlon ( data as is and smoothed )

e = —; e .
giza gize total % total % total % tocal %
{um) claps | retention | retention | retentien | ratention

frac. cum % frac cum
_ _ smooth gmooth

= 75 28.7 28,7 22.6 22.6
+ 78 48,4 32,9 45.1 a7.5
- 106 .

+ 106 3 58.5 39.2 B7.1 38.0

- 180 _ _

% 1850 4 65.5 46,6 65,2 43.7

= 212 o .

+ 212 5 73.3 Bd.1 73.6 82.5

- 300

+ 300 <] BO.9 62.9 81.4 6.4

- 428 _ .

+ 425 7 88,1 67.1 88.3 87.0

- 500 .

+« 50O a 92.8 71.8 9z2.8 71,7

- G20

4+ 600 2] 97.4 78,0 97.1 78,3

- 880 _

+ BEQ 10 99.3 79.9 88,8 80.2

- 3180 - .

+ 1180 11 94,9 80.6 87.4 80.48
- s oy e e

i35
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Run

6

% Particle Size Distribution (Data as is and smoothed)

—— E -
glze gize thickener | thickener | thickener | thickener
(um) class | o/F o/f cum & | o/f frac o/t

frac % % smooth ocum %

— o amooth

- 75 1 N.A. N.A. 45,86 45.6
+ 758 2 N.A. N.A. 9.3 54.9
- 106
+ 106 3 N.A, N.A. i6.1 71.0
= 150 . .
« 150 4 N.A. N.A. 18.2 850.2
- 212
+ 212 5 N.A. MN.A. 5.8 99.0
-~ 300 _ . )
+ 300 6 N.A. N.a. 0.1 99.1
~ 425
+ 425 7 M.A. N.A. 0.1 5.3
- 500 _ . .
+ 500 a N.&. N.A. 6.1 99 .4
-~ 600 _
+ 600 9 N.A. N.A. 0.2 99.8
- B8O _ .
+ 850 10 N.A. N.A. 0.3 99.8
= 1180 o — )
+ 1180 a1y N.A, N.A. 0.2 100,08
rotal 1.00.0 N
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Run &

¥ Particle Size Digtribution (Data as is and smoothed)

glze siza feed to feed ko feed to feed to
{um} class | cyclone cyclone cyclone cyclone
frac % cum % Erac % aum %
_ smooth smooth
~ 78 . 6.7 9.1 9.1
+ 75 . 8.4 2.5 11.6
- 106 _ _
+ 106 3 2.8 11.2 3.9 15.5
- 150 _
+ 1580 4 4.7 16.0 6.1 21.6
-~ 212 _
4+ 212 B 7.4 23.3 8.4 30.0
- 300 . .
+ 300 ] 14.3 37.6 14.8 44.8
- 425 .
+ 425 7 2.5 47.1 9.1 53.7
- 500
+ 500 B 12.6 58,7 1L.6 65.3
- 600
+ 600 ] 25,6 88.3 22.3 87.6
- B850 _ _
+ 850 10 16.4 98,7 8.9 94.5
= 1180 . .
+ 1180 11 4,3 100.0 3.8 100.0
Lt:=ota1 100.0 100.0
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Run &

% Particle Size Distribution (Data as is and smoothed)

gize glze cyclong cyclone cyclone cyclone

{um} class | o/f o/f cum % | o/f frac |o/f cum %
| frac % % smooth gmooth

- 75 1 38.5 | 38.5 . 36.9 36,9

+ 75 2 8.5 47.0 8.3 45,2

- 106 _ _ _ _ -~

+ 106 3 12.4 58.4 11.0 56,2

-~ 150 .

+ 150 4 14.2 72.6 13.7 68.9

- 212 _ _

+ 212 5 12.1 84.7 1.8 B1.7

~ 300 _ _ _ _ _

+ 300 6 9.0 93.7 9.8 91.2

~ 425 _ . _

w 428 7 2.3 96.0 3.0 94.2

- 500 _ .

w 500 8 1.8 97.8 2.5 96.3

-« 600 _

+ 800 9 1.3 9.1 2.2 9.0

- 8EQ _ _

+ 854 10 0.8 99.6 0.7 99.7

- 1180 _ _ .

+ 1180 |11l Q.3 100.0 0.2 100.0

total _ 100.0 ot 200.0
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Run

6

% Particle Size Distribution (Data as 1ls and gmoothed)

glze glze thickener | thickener | thickener | thickener

{um} class | prod prod cum | prod frac | prod
frac % % g oAamen W cum %

smooth

- 75 35.6 35.6 35, |35.8

+ 75 8.0 43 .6 8.2 44 .0

- A08 )

+ 106 3 10.1 53.8 10.3 54.3

- 1850

+ 150 4 12.7 66.5 12.9 E7.3

- 312 .

+ 212 B 12.L 78.86 12.2 79.5

- A30 .

+ 300 6 11.3 89,9 10.7 80.2

- 425

+ 425 7 3.8 893.6 3.4 93.6

- BOD

+ B00 8 3.1 96.7 2.8 96.4

- 600

+ 800 g 2.9 99,7 2.5 98.9

- 850

+ 850 1d 0.3 100.0 6.7 89,8

- L1800 .

+ 1180 1L 0.0 100.0 0.4 100.0

total 100.0 100.8
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1 Poromity and Packing of Particles
1.1 EqQual-8ized Spheres

Bxtenglve research on the dyatematlic packing off spheres
was made by Graton and Fraser . These authors sShowed
that there are zix ways in which gpheree of equal size
maysbe systematically packed, which wexe téermed Casas 1
ta L]

Table 1 below ghows the propertiss of thess packed
gyatems.

Table 1
Case No. of |Description Distances |Dansity
No. Spheres ketwaen of Unit
in Centres Cell
Contach of Layers
1 8 cubie 12,000 0.5236
2 I orthoriombid 1.732  [0.6048 )
3 12 | chombohedral 1.414 0.7408
4 8 lorthorhomble ]2.000 0.6046
5 10 | tetragonal | 1.732 0,6981
3 12 | zhombohedzal | 1.633 0.7405

As the number of mpheres 1l increased, the deneivy of the
gystem will linoxease, ex¢ept for Cags 1 packing whooe
denaity ramaing constant,

This implies that the higher the number of spheres, the
lower the poxosity of the aystem, i.e. the 'void' volume
ig reduced,

1.2 Non-uniform Sized Particles

In 1946, H. Haywood ¥ extended the gtudy to packing of
non-uniform sized epheres. His studies concluded that the
density of a packed system incresses with increaslng
gontact points between particles. In a gystem composed of
equal gized ephersas, the number of polnte of contact can
not axcesd 12, but by intreducing smaller epheres inco
the wvoid epaces between the layer spheres, and still
gmasler gpheres into the reamaining volds, the number of
points of contact and hance the density of the system may
be inereaspad.
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APPENDIX @ : Review Of Theorles Concerning
The Hasle Concepte Involved In
The Propoged Technigue
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Table 3 : Two-Sample Analysis of Hoigture Levels of
Primary and Saccondary Dawatering Products of
Tests Performed by the New Technique

{ gection 4«2.2 )

Bampla L moligture leval of primary dewatewing
produdt of tesbs perfioxmed by the new
techniqie

Sampla 2 : solgture lavel oFf socondacy dewabering

produdst of tests performed by tlie new
technigque

Sample dtatiatlua

sampls 1 Bample 2 pooled
No. of 11 11 3]
_ghsa:vatiana _
avayrage 44.08091 24.6909 24.75
variance 0.562909 0,541211 0.427908
ptandard 0.7502%3 0.541211 0.,654148
daviation
meddan aed (a8 |24.9

Conf. Interval for DIiff, in Means : 95 %

Equal Vaxs : Sample 1/Sample 2 = -0,463796/0,700159,
20 D.F,

Unegual Vars :1Sample L/Sample 2 = -0.467533/0.703897.
18.2 D.F.

Conf, Interval for ratlo of Varlance : 0 %
Sample 1 / Hample 2

Hypothesis Test foxr HO  Dif€, = O
Computed t Htaty, = 0.423598 va alt : NE

8ig. Level = 0.676308 at Alpla = 0.05
¢ DQ NOT REJSECT HO
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Tablea 2 : Correlatilon Analydgia Resultbt Betwaen % product
Moldsture and % =~ 150 um Matexrial Content of
the Product ( New Technilgue )

{ section 4-2-1 )

% moisture % = 150 um
cdontent matarial
% molsture 1.0000 -~ 0.4923
Gantent 12 11
0.0000 0.1239
% = 150 um -0.,45823 1.0000
matarial 11 1%
0,129 _ _0.0000

In each call :

lgt No. « doeffiolent
2nd No. = sample gize
3rd No. = significant lavel

Comments
The ocorrelation coeffilalent has a low absfolube wvalua
{wall below 0.99). The significant level ls high

{( = 0.08 )., This is a weak dorrelatlon with law
glognilficance.
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Teble 1 : Two-Zampla Analyals of Molsture Levels of
Primary Dewatering Products of Tests Performed
by the New and Comventional Technigues

{ section 4-2-1 )

Sample 1 molgture lavel of primary dewatering
produat of tests performed by the
conventional technique

Bample 2 ¢ molature level of priwvery dJdewatering

product of teats pexrformad by the new
tachnicque

Sample gbatistics

aample L goupla 3 pooled
Ho. of 5 11 18
chsarvatlons
averaga 25.8 24,8051 25.0235
varianga 2,018 0.B62909 0.977792
gtandaxrd 1,41981 06.750273 0.588834
doviution
madian _ 25.5 B 24,8 24.95

Conf, Toterval for DLff, in Means : 95 %

Bqual Vars : Sample 1/Sample 2 » -0,453274/1.83508,
14 D.¥F.
Unsqual Vaxsg :Sample 1/Sample 2 = ~1.0371/2.4%892,
5.0 D.F.

Conf. Ianterval fox ratio of Varlance 3 0 %
Sample 1 / Sampla 2

Hypothesla Tast flor HO : DIEE, = 0
Computed t Stats. » 1.29544 va Alt ;3 NB

8ig, Level = 0,216121 at Alpha = 0,05
50 DO NOT REJECT HO
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APPENDIX F Statistical Teats OFf The Repulte
Obtainad From The Pilot Plant Teast-
Work
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Table 5 : Detalled Result of Experliment B

initial % H20 : 29.82 %
uf/f mams ratio : 0.40

vibration time, minute £inal % H20
2" — 23.58 |
18 | N - 23.46

18 .24.46

14 o | 24.69

12 .24.16

10 | 24.00

- . "33,31

6 24,02

4 23.04

2 25,35

L 2L1.87

1_ 23;31

0.5 “ 22.19
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Table 4 : Detalled Result of Expariment D

initial % K20 : 70.0 %
UE/f mags zatio : 0.40

vibgatioﬂ time, minute Firal % H20 .
20 : _ " §5.95
18 26.85
16 - 30;42
14 | 27.85
12 28.85
10 | 55556
] 28,17
6 32.00
: 30.69
2.. — _ 39’59
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Table 3 : Detailed Result of Experiment ¢
teat I.D. ({uf/f mass |initial % | £inal % % /B
ratio H20 H20 retention
w.r. b,
feed uf
mags
C 1.1 pure £ 29.82 37.29 100.00
¢ 1.2 pura £ 29.82 27.56 100.00
c 2.1 0.20 28,82 26.67 94 .96
¢ 3.1 pure uf 29,82 23.10 97,38
¢ 3.2 pure uf 29,82 22.82 97.76
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Table 2 : Dekailed Result of Experiment B

teat I.D,

uf/f mass

iadtial %

final %

% uf
ratio H20 H20 retention
w.r.t.
feed uf
_ magss

B 1.1 pure £ 29.82 26.77 75.78

B 1.2 pure = 29,82 2p.82 63.67

B a.l .20 29.82 24.92 76.47

ﬁ 2,2 G.20 29.82 26.26 | 83.886

B B.i ﬁ.4U 29.82. | 22.45 | 74.26

R 3.2 0.40 29.82 21.62 77.07

B 4.1 0.50 23.82 23.37 | 69.12

B 5;1. 1.00 15.82 20.53 €6.43

ﬁ 5.2 1.00. 29.82 21.59 68.24 |

B 6.1 2.50 29.82 21.80 64.47

B 8,2 2.50 25.82 21.82 | 65.4&

B 7.1 5.00 29.82 22,38 65.36

B 7.2. :3.§ﬁ 29;82 22.08 63.71.” )

B 8,1 pure uf 29.82 22.63 60.39

B 8.2 ﬁuré uf 29.82 23.74 77.79

B8.3 pﬁré_ nE 2‘9.'3_2 24.36 80.53
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Table 1 :Contintued

Leat uwi/f fine double { double | % B20 |% uf
I.,b. ratio |[bed layar | layer |aftex |reten.
depth, |depth, | final [mixing jw.r.t.

mm mn % H20 |and faed

vibra« |ultra

tion fine

mags

A 8.1 1.290 19.00 2L..00 27 .54 18772 69,09
AB.2 1.20 18.00 27.00 24.95 18.41 83.59
A 8.3 1.20 20.00 134.00 |24.83 23.26 173.99
A 8.4 1.20 12.00 28.00 24.82 26.25 88.52
A 8.5 1.20 16,00 30.00 29.87 13.38 88,01
A 8.1 1.50 20,00 30.00 |22.81 |17.70 98.95
A L0.1 12,00 8,00 18.00 23.88 18.587 88.14
A 10.2 |{2.00 _9.00 25.00 _ 28,02 11.50 72.72
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Table 1 :Continued

tegt ut/f fine doukle jdouble |% B20 | % uf
1.D. ratie |bed layer |layer |after |reten.
depth, | depth, | £inal |mixing [w.r.t.

num mm % H20 and £ead

vibia- {ultra

tion £ine

mags

ASB.L 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 B.3 0.50 35.00 40.00 27.583 17.40 66.58
A 5.4 0.50 32,00 }37.50 }.%,.07 (19,18 |74.56
A 6.1l 0.67 35.00 43 .00 26.00 18.64 66.54
A 6,2 0.67 35.00 43.00 25,45 12 .55 61.78
A 6.3 0.67 35.00 45.00 24.18 H.A. 74.15
A 6.4 J.67 3z2.00 37.20 26,18 N.A. 66,81
A 6,58 0.67 35.00 43,00 25.18 18.76 8l.89
A 6.8 0.67 30.00 40,060 23.78 10.42 93.21
A 7.1 1.00 17.00 H.A. 47 .00 14.40 62.19
A 7.2 1.00 17.00 20¢.00 26.18 19,01 74,16
A 7.3 1.00 20,00 30.00 26.85 20,19 7L.26
A 7.4 1.00 21.00 29,70 25.61 19.70 T5.61
A 7.8 1.00 18.00 26.00 2%1.08 13.6% 30.11
A 7.8 1..00 35.00 55,00 |[23.93 8.7% _8_1.0'?
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2 The Usge of fine Coal as a Filtration Madium for
Ultra Fine Slurry

An investigation was conducted by Horsfall Y between
1956 and 1957, However, the filtration wmedium used bhen
wag coarser 'amalls' ( 4" to 1 * ) and the slurry used
was a froth flotation product. Nevertheless, the basic
prineipal is the same. His labhoratory scale btest regults
suggest that using ' smalls' (4 " to 1 " ) as filtration
madium for Efroth flotation fFfinew, under static
conditions, the retention of the froth flotation fines
wag between 70.0 % to 95.0%. During the tests, he
obaerved & dafinite bed of fines on top of the ‘small
goal'’ bed.

157



in¢rease the moisture holding potenmtial of the mass, due
to the additional available suxface area for molsture
adsorption provided by the 'free' ultra fine particles.
Therefore the ratio of ultra fine content to fine content
is of great lwportance in achievinyg the lowest possible
molsture content.

Bigure 2

Relationship betweenh Molsture Content and Porosity
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1.3 Random Packing of Particles

An extensive research programme wag carried out by Furnas
in which the porogity of binary wmixtures of partilcles was
determined. In general, two dlfferent sizes of particles
having separately similar porosity will, when mixed
together, producde a system of lower porosity than its
domponent parts. Figure 1 below shows the relationship
batween porosity and size compogition in a two component
systett. <o

Figura 1

Relationship betwsen voids and size composition, two
component eystem of broken sollds
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@@ Voids of single component : 0,50
@@ Notilce the existence of a minimum poroaity
@@ extracted form C C Hartis and H.G. Smith ©

The potential application of the above theory (1.3} on
coal 48 clear. Bv wnixing ultra £ines and £ines
thoroughly, the nes mixtura should exhibit less vold
gpace avallable for moisbure retentlcon, Howsver, one must
bedr in mind that in a coal mass, moisture is not only
held within the 'vold space' of the wmass, but also on the
surfaces of the coal particles,

By increasing the ultra fine content within the mixture,
a saturation point will be reached whereby all available
voide within the coarse coal wmass has been occupled. Any
additional increase in the ultra £fine content will
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