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ABSTRACT

An extensive series of tests was carried out on a 
simulated ball mill-rake classifier circuit. The data were 
used to develope an empirical model of the operation of a 
rake classifier based on factorial design. This work con
firmed the use of factorial design for the mathematical repre
sentation of the process during the classification operation. 
As a result of this simulation, it should be possible to use 
factorial design for the optimization and control of a circuit 
which includes these units.

The objective of this work was to study the effect of 
percent of solids, feed rate, and weir height on the value 
of which is the size at which equal weight of material
reports to the underflow and overflow.

Factorial design tests showed that the main effect on 
d^Q was due to the changes in percent solids in the feed.
This variable has a positive effect (increasing percent of 
solids causes the d ^  to increase). The feed rate also has a 
positive effect, and the weir height has a negative effect.

It is apparent that the empirical model was capable of 
predicting classifier performance as well as any previous 
models.

iii
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INTRODUCTION

Classification is an operation in which a number of 
particles of mixed sizes and different specific gravities is 
allowed or caused to settle through a fluid which may be either 
in motion or substantially at rest. The fluid ordinarily 
employed is water, but other liquids, and air or other gases, 
may be u sed^.

General Laws of Wet Classification^
1. The relative settling activities of particles of the 

same specific gravity and the same shape in a given liquid are 
dependent upon the sizes of the particles, the larger and 
heavier settling more rapidly.

2. Particles of the same shape and size but of different 
specific gravities settle at different rates proportional to 
the specific gravities.

3. If particles are of the same weight but of different 
shapes, their settling velocities will probably differ? the 
particle most nearly spherical will fall more rapidly.

4. Resistance to fall in a given liquid is dependent 
upon the velocity of the falling particle.

5. Velocity of fall in a given liquid, all other things 
being equal, varies as the square of the diameters of the parti

1
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cles; when these are very small; as the 1/2-power of the 
diameters when the particles are relatively large; and as 
intermediate powers in the transition range

6. Resistance to fall increases with the density of 
the liquid.

7. Resistance to fall increases with the viscosity of
the liquid. This increase is relatively greater for the smaller 
particle.

The Purpose and Uses of Classification in Mineral Processing
Classification is a sizing operation or a sorting

(2 )operation adjunct to gravity concentration . It can become 
a means of concentration in two general types of cases:

1. If the valuables constituents in the broken ore are 
in one range of sizes and the waste in another range of sizes.

2. If settling can be crowded enough for stratification
to result, the lower stratum will consist of the heavy material

(2 )and the upper stratum will consist of the light material' .
The main use of classification is in closed circuit 

grinding operations where the introduction of a classifier into 
a grinding circuit allows more control over the product size 
and distribution. The purpose of a classifier then is to 
separate particles of various sizes, shapes, and specific gravi
ties in a fluid medium, which is usually water in the case of 
the mechanical classifiers and cyclones. The result of classi
fication is the separation of the feed material into a coarse
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and a fine fraction. The particle size at which the material is 
divided is known as the separating size. However this limit is 
not clearly defined; and there is always present, in the coarse 
fraction, some portion of the fine fraction and vice versa.

The Rake-Type of Classifier
A large variety of classifiers have been designed and built. 

Rake-type classifiers such as the Dorr classifier have been 
the workhorses of the mineral industry for general-classification 
problems for half a century, and their names describe the 
mechanisms installed in sloping-bottom tanks. Mechanically 
the machines are powerfully built and, functionally, they are 
versatile and flexible. They were the first classifiers used 
successfully for closed-grinding circuits Separations as
fine as 325 mesh can be accomplished at reduced tonnage rates^^. 
Quite likely a greater tonnage of material is treated in this 
type than in other classifiers.

Control of water flow rate into the classifier is important 
since separation into overflow and sand products is made largely 
by the buoyancy, viscosity, and degree of agitation in the 
pool.

This type of machine will produce rake products of con
sistent moisture contents even with considerable variation 
in feed tonnage or volume.

The use of the rake and spiral classifiers in the mineral 
industry have been decreased due to the extensive use of cyclones,
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which have high capacity, occupy small floor space, have no 
moving parts and, above all have low capital, operational 
and maintenance costs.

Statement of the Problem
In closed circuit grinding systems the classifier plays 

a very important role and for significant simulation work a good 
model of the classifier performance is essential. Classifier 
performance may be described in terms of a response as a function 
of operating variables.

a) The main response used to describe the overall 
performance has been the water distribution in the overflow 
and underflow products.

b) The operating point d^; that is the particle size at 
which equal weights report to the coarse and fine products.
This presentation is concerned mainly with the second type of 
response. Of the variety of variables which may affect classifier 
performance three were chosen as the ones of main importance in 
determining d^^. The three variables chosen were:

(i) Percent solids in the feed - This variable affects 
the settling velocity of particles due to changes in 
pulp density and viscosity.
(ii) Pulp feed rate - This variable affects the 

particle residence time and consequently whether it will 
report ot the underflow or overflow.
(iii) Weir height - This variable also affects the residence 
time due to changes in pool volume and can also affect 
the extent of agitation due to the raking mechanism.
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Technique to be Considered
The purpose of experimentation is to obtain information. 

Research efficiency might be defined as the amount of useful 
information obtained per unit cost. Statistically designed 
experiments is one means available to individual experimenters 
to increase research efficiency.

It is not necessary to be a mathematician to learn and use 
the fundamental principles of experimental design. Many variables 
may be studied at one time making it possible to gain an insight 
into their simultaneous effect on responses of interest; 
interactions between variables can be determined. Designed 
experimental programs are also useful when the purpose is to 
select from a large set of variables those that are most 
important, and interpretation of the results is often easier.

In the present system, the purpose was to study the 
response, due to changes in the three variables, percent
solids in the feed, pulp feed rate, and weir height. The 
technique used was a conventional three factor-two level 
factorial design. The details of this approach are given in 
a later section.
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SURVEY OF LITERATURE

Design of the Rake Classifier
Taggart and contributors^ describe the rake classifier 

as a tank, one or more rakes, and a mechanism for activating 
the rakes. The tank has parallel vertical side walls, a sub
stantially vertical wall at one end, and a sloping bottom of 
such length that its upper end rises above the level of the top 
of the end wall. The rakes consist of a plurality of parallel 
blades which set perpendicular to the tank bottom and to the 
longitudinal axial plane of the tank. They are carried on a 
frame consisting of two parallel longitudinal members. The 
mechanism consists of a system of cranks, eccentrics, and links 
designed to propel the rakes in a path so shaped that each 
point in each blade describes a rough rectangle with long sides 
parallel to the bottom and the ends in the planes of the 
blades. Lift of the rakes is usually about 90 to 95 percent 
of the height of the blades.

The Movement of Fluid Elements and Solids During the 
Classification Process______________________________

Taggart and contributors^ stated that for a sphere
falling in a medium under stokes' law, the resistance to the
fall is given by:

6
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R = 3uDr|V (1)

According to Newton6s law for turbulent flow, the 
resistance to the fall is given by:

R = KpD2V 2 (2)

where R = resistance of the medium 
n = viscosity of the medium 
p -- density of the medium 
D - diameter of the sphere
V = velocity of the particle with respect to the medium 
K = a constant

These equations accord with experimental results, but do not
fit for the intermediate range in which wet classification is 

(1)done
Castleman^ showed that experimental data on the fall of

spheres in various fluids correlated throughout the Stokes, 
Newton, and intermediate ranges, if the results are plotted 
in terms of the dimensionless resistance function S, of the 
form:

S = 2gD{6-p)/3pV2 (3)

where S = f(N), where N ~ Reynolds number 
<5 = specific gravity of the solids 
g = gravitational constant

N = DVp/n (4)

Castleman's function, (T) , is defined^ as:
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T = N2S = 2gpD3(6-p)/3n2 (5)

The values of T in terms of N are plotted in Figure 1, where 
D is in cm., V in cm. per second, and p is the coefficient of 
viscosity.

The force of gravity, F, acting on a sphere submerged in 
a fluid is equal to:

F = i girD3 (6 — p) (6)

And at the equilibrium velocity (V ), when Stokes' law 
applies, R = F. Then:

= gD2(6-p)/18n (7)

From equations 4, 5, and 7:

T = 12N (Stokes' Regime) (8)

Similarly, when terminal velocity has been reached and Newton's 
law applied, R equation (2) = F, and:

= /guD(6-p) /6K p (9)

From equations 4, 5, and 9:

T a N2 (10)

The curves for equations (8) and (10) are plotted on Figure 1. 
Thus, throughout the range in which most wet classification is 
done, neither of the rational formulas holds, and satisfactory 
results can not be obtained from this and similar derivations.
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T 1577

CLASSIFICATION MODELS

(3)In 19 67 Lynch, Rao, Whiten, and Kelly developed an 
empirical model for a rake classifier. Defining the following

M, nn: Mass fraction of minus 100 mesh ore in the
overflow

P75: Mass fraction of plus 72 mesh ore in the over
7 flow

Mass fraction of solid in the overflow
SO: Mass flow rate of solids in the overflow
WH: Weir height
RS: Rake speed (strokes per minute)

M100 = ”74*8 * FS0 "0«258 * SO + Kx (11)
P72 = 66.9 * FSO + 0.018 * SO + K2 (12)

2 2 (13) where K. = -10.05 * WH + 65.9 * WH - 0.0246 * RS2 + 26.6
2 2 (14)K2 = 41.08 * WH - 27.9 * WH + 0.0201 * RS2 + 12.8

(4)Further investigators such as L.R. Plitt in 1971
developed a simple correlation to evaluate the performance 
of classifiers. The description of the performance was based 
on a statistical model and is called the Classifier-Mixer 
Model•

10
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In this model represents the fraction of particles of
size d which actually pass to the coarse product and is given by

Eg = 1 - exp [1 - 0.6931 (d/d )m] (15)

where d = diameter of the particle
d = diameter of the particle at which 50 percent

is going to overflow and 50 percent to underflow

(5)In 1971 Reid used almost the same approach also m
terms of probabilities, but arranged the model in the form:

P.‘.L9_31. dm = Ln (16)dsom 1_y
where y is the weight fraction transferred into the underflow 
stream. This means that Plitt wrote the same model in a linear 
form for graphical representation, and the only difference is 
during model development, where for Plitt's model R (residence 
time) appears in the denominator and for Reid's model in the 
numerator.

Kdm 'Eq = 1 » exp for Plitt (17)

Y = 1 - exp E“KRdm] for Reid (18)

From Reid's model a plot of Ln(1/(1-y)) against d on log-
log paper will have a slope m and the size for which Ln(l/(l-y))
0.6931 gives the value of d_.e

50
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DISCUSSION OF MODELS 

(3)Lynch's model is derived from the point of view of the 
water distribution as a function of operating conditions. For 
this model it is necessary to have a high mathematical level 
and also an available digital computer system due to the 
complexity of the model and the amount of calculations 
necessary.

The first objective in Lynch's work was to develope a control 
system to give a constant sizing analysis of the circuit product. 
The approach taken was s

1. An operation to relate the mass fraction of a
particular size range in the classifier overflow to the

(3)measureable operating conditions should be developed ' '.
2. The equation would contain a term describing the mass

(3)fraction of solids in the overflow, and' '
3. The sizing analysis could then be controlled by

13)changes m  water addition at the classifier feed pump water' .
(3)Lynch makes the following statement, "The complexity of 

the rake classification process is such that it was not possible 
to write a simple model, as was done in the case of hydrocyclones 
and it was necessary to develop a more complex model which 
included the calculation of certain of the parameters by an 
iterative technique".

12
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(4)The Plitt , and Reid model is mainly a model for 
hydrocyclones and is not any better than other plotting methods.

Harris^ criticized the Plitt^ and R e i d ^  models in 
that for these models is predicted to be 100 percent at 
infinite particle size, whereas E,, reaches 100 percent at a(j
finite size.

(6)Harris assumed that the rate of change of weight of 
particles of diameter d in the reference element (overflow stream) 
due to particle transfer by classification is given by:

dw 1-nat = -pw d9)

where p is the probability of a fraction of particles of a cer
tain size settling out of the overflow stream into the under
flow stream, and n is a constant close to zero.

The difference with respect to the Plitt ̂  and R e i d ^  
models is that they assumed n = 0, i.e.

dwat - -pw
The final equation for the Harris model is:

Eg = 1 - [1 - ( d / d ^ j V  r = i  (20)

where E^ is the corrected efficiency and is equal to the weight
fraction of feed particles transferred to the underflow stream.
The boundary condition for this model is: d = d „ , when E- = 1.■* mass G
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The main difference between the Plitt-Reid models and that 
of Harris is that experimental data would be plotted in a 
slightly different manner.
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EXPERIMENTAL TECHNIQUE

Planning the Experimental Design
When an experiment is performed it is usual to relate 

the effects of the variables and their interactions to a re
sponse, which happens to be d^. in this investigation.

(7)Mular, and Bull determine the functional relationship 
between the response and the operating variables by the 
equation:

y = f(xlf x2, x3, .....  xR) + e (21)

where e is the error term. To investigate the behavior of the
(7)classification process. Mular' gives the following procedure:

1. The true value of the response is estimated with 
maximum accuracy.

2. An inadequacy in the functional form f(x^, x2, .... .
xn), can be detected (and hopefully identified).

3. The process error can be measured during the experi
ment.

4. The individual test involved in the experiment can 
be divided into blocks.

5. The test conducted to estimate a particular functional 
relationship can be used later in conjunction with further tests 
to estimate a more complex model if necessary.

15
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6. The design should be rotatable so that the significance 
of transformed variables can be readily estimated. A rotatable 
design is one which leads to equal variance for predicted response 
at points equidistant from the center of the design.

7. Only the minimum number of tests are performed to gain 
the information desired.

8. The calculations involved should be simple.
9. Many variables may be studied at one time making it 

possible to gain insight into their simultaneous effect on 
responses of interest.

10c Interactions between variables can be determined.
This is impossible if the more usual one-variable-at-a-time 
process is used where, in turn each variable is changed with 
all the remaining variables being held constant.

11. For this purpose, factorial design acts as "flexible 
building blocks and have, in fact been successfully employed 
at all stages of experimentation from start to finish".

12. The above requirements are met in many experimental 
designs. Principally, in those situations where a linear 
relationship between the response and the operating variables.

y « Aq + A ^  + A2X2 + ..... + AnXn + e (22)

13. The values of the independent variables X^, X2 .... .
XR , of interest in a designed experiment must be amendable to 
independent control, and the response, y, or responses are 
dependent upon the particular values of the variables.
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14. Designed experimental programs are efficient when 
the purpose is to screen variables to select out of a large 
set of variables those that are most important.
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Rules for Construction of 2n Designs

A 2n design has 1, 2, ....., n, factors at two levels,
a high and a low level. There are 2n possible combinations 
of high and low levels of the n factors, and therefore 2n

3experimental runs must be performed. In this case 2 = 8  runs
were involved.

The first step for the use of 2n factorial design is to 
choose two levels for each factor. To choose the levels for 
any factor requires some knowledge of the process. (Generally 
based preliminary experimentation on past experience.)

It is convenient to code the variables using the general 
relation:

(2x = level of factor-standard level of factor)(distance of high or low level from standard level)

x^ = percent solids in the feed (P̂ )
X 2  = feed rate (F̂ )
Xg = high of the weir (Ŵ )

A table of the design matrix can be constructed such that 
factor levels will be represented by either (+1) or (-1).

To construct a design matrix for 2n design, it is con
venient to arrange standard order. The standard order of runs 
in a design matrix can be obtained by using the rule that the 
jth column in the design matrix consist of a group of 2J~*
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minus l's followed by a group 2J  ̂plus l's, where J =
0, 1, 2, ..„, n. This pattern of alternating groups of (-l)'s 
and l's continues until 2n rows have been generated for each 
column.

3Design Matrix for 2 Design 

RUN *2 x3

1 -1 -1 -1
2 +1 -1 -1
3 -1 +1 -1
4 +1 +1 -1
5 -1 -1 +1
6 +1 -1 +1
7 -1 +1 +1
8 +1 +1 +1
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FIGURE 2

Geometrical Representative of 23 Factorial Design

/  s *

NB • The center of the cube has coordinates
(0,0,0) and x^, *2 » an<* x 3 assume values
of +1 or -1,
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3Matrix of Independent Variables, "x" for a 2 Design

For 2n design the matrix contains 2n columns and 2n 
rows, which can be generated from the design matrix.

The "x" matrix is used to obtain estimates of all effects 
that can be calculated from a 2n design. Columns x^, anĉ
x^ in the "x" matrix have been carried over from the design 
matrix. These columns are used to determine the main effects 
of factors x^, X2 f and x^. Individual elements of a two- 
factor interaction effect column, x^X£ interactions are 
obtained by multiplying the corresponding elements of the 
x^ column and X2  column.

"x" Matrix of Independent Variables
RUN NO. RESPONSE I ^1 f1 ^3 xlx2 xlx3 X2X3 X1X2X3

1 Y1 1 -1 -1 -1 4-1 4-1 4-1 -1
2 Y2 1 4°X -1 -1 -1 -1 4-1 4-1
3 Y3 1 4*1 -1 4-1 -1 +1
4 Y4 1 +1 +1 -1 4-1 -1 -1 -1
5 Y5 1 -1 -1 4-1 4-1 -1 -1 4-1
6 Y6 1 +1 -1 4-1 -1 4-1 -1 -1
7 Y? 1 -1 4-1 4*1 -1 -1 4-1 -1
8 1 4*1 4*1 4*1 4-1 4-1 4-1 4-1
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The sum formed by adding products of the elements of the 
response column and the corresponding element of a particular 
effect column is called an effect total. The effect total 
for factor is given by:

(24)
xJL effect total = “Y1 + Y2 "* Y3 + Y4 ~ Ys + Y6 “ Y7 + Y8

n — 1Effect totals can be divided by 2 to obtain the
corresponding effect. The overall mean effect is obtained by

7 3dividing the mean effect total by 2 . The effects of a 2
design are calculated as follows:

xi = ^ i + V V V V V V V '4
(25)

12 = (“Y1~Y2+Y3+Y4~YS“Y6+Y7+Y8)/4 Main effects

h  = ('Y1”Y2"Y3"Y4+Y5+Y6+Y7+Y8)/4

X12 = (Yr Y2“Y3+Y4+Y5“Y6”Y7+Y8)/4
(26)

113 = (Yl“Y2+Y3”Y4”Y5+Y6“’Y7+Y8)/4 Two factoreffects
*23 = (V Y2-Y3-Y4“Y5-Y6+Y7+Y8)/4

(27)
*123 “ <-Yl+Y2+y3“¥4+Y5“Y6-Y7+Y8)/4

M a a „  (28)1T = (Y-+Y0+Y0+Y/I+Yc+Y,+Y-+Y0)/8 Mean ° .I 1 2 3 4 5 6 7 8 '  average effect
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For a 2n design, there are n main effects, -  ̂•
two-factor interaction effects, Z?-Lf three-factor

e

cc _. j n(n-l) (n-2) . . . (n-K+1) „ ■ - __ ,effects, and —  --- ----- £--- ------ -f K-factor effects, and aJa
single n factor interaction effect.

Effect totals are more conveniently calculated than
n n— 1effects. In 2 design we have 2 response values at the

n —> 1upper level of any factor and 2 - at the lower level.

main effect totals of x-ĵ = (Y2+Y4+Y6+Yg) - (Y1+Y3+Y5+ Y ^ 9)
(30)

main effect totals of x0 = (Y-+Y„+Y_+Y0)-(Y,+Y0+YC+Y^)2 3 4 7  8 1 2 5 6
(31)

main effect totals of xg = (Y^+Y^+Y^+Yg)-(Y^+Y2+Yg+Y4)

The estimate of a two-factor effect total, say, of x^x2 is 
the difference between the total effect of x^ at the upper level 
of x2 and the total effect of x^ at the lower level of x2.
Then, the x^x2 interaction effect total is:

A1 = ( V Y4)-(Y7+Y3) (32)
A2 = (Y6+Y2)-(Y5+Y1) (33)

then:
Ai -a 2 = (y 8+y 4+y 5+y 1)-(y 7+y 6+y 3+y 2) (34)
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EQUIPMENT AND SAMPLING PROCEDURE

Equipment
The equipment for this work consisted of a 72-inch 

long by 1-foot wide rake classifier, with a slope of 1^ inch 
per foot length; a sump tank which had a sloping bottom, that 
facilitated the flow of slurry to the feed pump, which in turn 
fed the classifier. The feed pulp density was adjusted by 
adding the required amount of water at the feed pump tank 
as shown. Figure 3 represents the experimental set up.

Type of Feed
These experiments were run with URAD mine flotation 

tailings composed mainly of silica with a slight amount of 
heavy minerals. The average specific gravity of the feed 
was about 2.71 and the average size - analysis of the feed 
samples is given in Table I.

Sampling Procedure
The sampling procedure for the system was as described 

below. The classifier was fed with the required percent 
solids according to the experiment to be done, and the next 
steps were as follows;

24
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1 Rake Classifier
2 Sump Tank
3 Centrifudge Pump
4 Sands - Collector
5 Rubber Pipe
6 Valve
7 Overflow Collector
8 Stirrer

FIGURE 3: Schematic Diagram of the Experimental Set-Up
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TABLE I

WEIGHT DISTRIBUTION OF THE CLASSIFIER 
FEED IN EACH SIZE FRACTION

Size Analysis

Mesh Size (y) % Retained

+35 417 17.55
35/48 300 15.82
48/65 210 11.88
65/100 150 12.42

100/150 105 6.42
150/200 75 7.21

Cyclosizer
Size (y)

cyclone 1 42 6.56
2 33 3.73
3 23 2.58
4 16 2.71
5 12 1.53

O/Flow -12 11.59
100.00
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1. The solids feed rate was calculated by measuring 
pulp flow rate and using a conversion factor involving 
solids and pulp density. The feed rate was controled with 
the valve (6 in the Figure 3) at the desired level according 
to the test to be done.

2. The circuit was checked to ensure that it was at 
steady state. This was done by checking the pulp density of 
the slurry in the feed and in the overflow, until each gave a 
constant or near constant value.

3. Samples of the feed, underflow and overflow, were 
taken at the same time, and for the same period of time.
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Analysis of Samples

Size analysis was performed on all the samples of 
feed, overflow and underflow. The following procedure was 
adopted for obtaining the size analysis.

1. Samples of feed, overflow and underflow, were taken 
at the same time and for the same period of time. These 
samples were then weighed, filtered and dried. Each dry 
sample was then weighed.

2. Each sample was then blended, and a representative 
sample was taken for size analysis.

3. The representative sample was then analyzed by a 
method of wet and dry screening. The wet screening was 
conducted first on a 200-mesh screen. The plus 200-mesh 
solids were then dried and weighed. The dry sample, when 
necessary, was then dry screened, using a nest of standard 
Tyler sieves (mesh 35,48,65, 100, 150, 200, and -200) in a Ro- 
Tap sieve shaker.

The -200-mesh solids, after filtering and drying, were 
also weighed and added to the -200-mesh material from dry 
screening. A representative sample was taken for size analysis 
with the cyclosizer.

4. The solids retained on each sieve and in each cyclone 
were then weighed and recorded.
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EXPERIMENTAL RESULTS

Computer programs were devised to calculate and tabulate 
all necessary operating conditions and metallurgical results.

The important input data were:
1. The dry weight of the feed, overflow, underflow, and 

sampling time.
2. The amount of representative sample taken from the 

original dry samples (feed, overflow, and underflow).
3. The total amount of -200-mesh contained in the 

representative samples.
4. The amount of -200 representative samples taken 

from the total amount of -200-mesh in each sample feed, over
flow and underflow.

5. The total amount of solids retained in each cyclone 
for every sample (feed, overflow, and underflow).

The important output data from this computer program were
1. The values in percent for each size fraction of feed- 

overflow, underflow-overflow, and the ratio between the two 
differences.

2. The amount in grams per second for each size fraction 
contained in the feed and underflow.
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3. The values for each size fraction of the ratio of
the grams per second in the underflow, to the amount in the
feed.

4. The values calculated in 3 above were then graphed
against the actual sizes in microns of the fractions, and
the values of d__ were interpolated from the point

50

(U/F) * 100 =50.0
where U = gm. per second going to underflow in each size 

fraction.
F = gm. per second going in the feed in each size fraction.

The above graphs are shown in Figures 4 to 15.
The experimental data is given in section 4 of the 

Appendix.
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K. J. REID - MODEL

The model for a classifier-reduced performance given 
(5)by Reid related the probability p of a particle moving

across the boundary (underflow-overflow stream) will be 
related to the diameter. Assuming a simple power relationship 
he wrote:

where the probability gives the fraction of the particles of 
diameter d in the element which settle out of the overflow 
stream into the underflow stream in unit of time. Coarse 
particles have a higher probability of going to the underflow. 
The change of weight in the element for an infinitesimal time 
interval is given by the product of weight of particles 
present, the probability of transferring, and the time interval, 
that is:

dw - -wpdt (36)

p = Kdm (35)

(37)

43

(38)
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where is the weight of particles present in the overflow at 
time t , and w^ is weight of particles present in the over 
flow at time t^.

W1Ln—  = -p(t1-tQ) (39)
o

where ) = R; residence time
Wi—  = e p ; weight fraction remaining in the overflow
o stream as it leaves the classifier.

then Y = 1-e (40)
— lcd̂ RY = 1-e KQ K (41)

where Y = fraction going to underflow, then y = 0.5 when
d -- d__.50
thus 0.5 = l-e-kR(d50-1 (42)

-0.6931 = -kR (dcJ m (43)5 0
thus defining x = d/d

kR = 0.6931 (d_„)~m (44)50

y = 1-e-*6931 x (45)

6931 dm _ Ln _1_ (46)
(d50)m i-y

A plot of Ln(l/(1-Y)) against d on log-log paper will have
slope m and the size for which Ln(l/(1-Y)). = .6931 gives the
value of dCA.50

Graphs of experimental data plotted according to 
equation (46) are shown in Figures 16 to 23.
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FIGURE 16: Reid-Plotting Method for Experiment I
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FIGURE 17: Reid-Plotting Method for Experiment II
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FIGURE 18: Reid-Plotting Method for Experiment III
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FIGURE 19: Reid-Plotting Method for Experiment IV
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FIGURE 20: Reid-Plotting Method for Experiment V
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FIGURE 21: Reid-Plotting Method for Experiment VI
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FIGURE 22: Reid-Plotting Method for Experiment VII
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FIGURE 23: Reid-Plotting Method for Experiment VIII
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The experimental values are compared with the values 
obtained from Reid's model in the following table:

TABLE II
Experimental Values Vs Reid Method 

Run d^g Experiment dj-Q Using Reid Model

I 32.50 32.50
II 40.25 40.00
III 38.50 39.50
IV 54.00 49.00
V 25.80 24.00
VI 38.50 38.00
VII 32.00 32.00
VIII 41.50 40.00
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EXPERIMENTAL FACTORS, MATRIX DESIGN, 
AND MATRIX OF EFFECTS

Experimental Factors
In this section the factorial design is described for 

three factors each at two levels. The factors used are given 
below:

x^ = mean value of % solids in the feed for each level
X2  = mean value of feed rate of solids in grams per 

minute
Xg = height of the weir in inches 

the two levels for each factor are given in Table III.

TABLE III 
Levels for Each Factor

FACTOR LOW LEVEL HIGH LEVEL

x^ 26.5 36.7
x2  1144.0 1638.0
x^ 6.0 8.0

It is necessary to code the variables using the general 
relation:
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(47)
i _ (design level of factor)- (standard level of factor)____

(distance from high (or low) level from standard level)

thus, the coded form for the variables will be:
P1  - 31.6 

X1 = 5.1
F1  - 1391 

X2 = 247

where is the actual % solids in the feed
F^ is the actual feed rate in grams per minute

is the actual height of the weir.

(48)

(49)

(50)
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Matrix Design
3The design matrix for the 2 design is shown below in 

Table IV.

TABLE IV
Design Matrix for 32 Design on Rake Classifier

Run (%
In the

Solids
Feed

x 2

In
Feed Rate 
gm sol/mn

x 3

Weir Heig!

I - 1 26.20 - 1 1 1 2 0 - 1 6

II + 1 36.80 - 1 1133 - 1 6

III - 1 26.70 + 1 1634 - 1 6

IV + 1 36.20 + 1 1638 - 1 6

V - 1 26.50 - 1 1 1 2 1 + 1 8

VI + 1 36.80 - 1 1123 + 1 8

VII - 1 26.60 + 1 1623 + 1 8

VIII + 1 36.80 + 1 1648 + 1 8

IX 0 32.00 0 1390 0 7
X 0 31.90 0 1392 0 7
XI 0 31.10 0 1363 0 7
XII 0 31.00 0 1350 0 7
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Experiment IX through XII are not part of the matrix and 
are called the center point experiments. This experiment 
has to be done at least four times to obtain an estimate of 
the error associated with the determination of an individual 
response.

Matrix of Effects
3The matrix of effects of the 2 design is shown below 

in Table V.

TABLE V
3Matrix of Effects for 2 Design 

Run Response I x^ X2 x^ xix2 xlx 3 X2X3 X1X2X3

I 32.50 1 - 1 - 1 - 1 + 1 + 1 + 1 - 1

II 40.25 1 + 1 - 1 - 1 - 1 - 1 + 1 + 1

III 38.50 1 - 1 + 1 - 1 - 1 + 1 - 1 + 1

IV 54.00 1 + 1 + 1 - 1 + 1 - 1 - 1 - 1

V 25.80 1 - 1 - 1 + 1 + 1 - 1 - 1 + 1

VI 38.50 1 + 1 - 1 + 1 - 1 + 1 - 1 - 1

VII 32.00 1 - 1 + 1 + 1 = 1 - 1 + 1 - 1

VIII 41.05 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1
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3The effects of 2 design are given by:
(51)

11 = (-32.50 + 40.25 - 38.50 + 54 - 25.80 + 38.50 -
32.00 .+ 41.05)/4

- 11.25
(52)

12 = (-32.50 - 40.25 + 38.50 +54.00 - 25.80 - 38.50 +
32.00 + 41.05)/4

= 7.125
(53)

13 = (-32.50 - 40.25 - 38.50 - 54.00 + 25.80 + 38.50 +
32.00 + 41.05)/4

= -6.975
(54)

11 2  =.(32.50 = 40.25 - 38.50 + 54.00 + 25.80 - 38.50 -
32.00 + 41.05)/4

= 1.025
(55)

113 = ( 3 2 - 5 0  " 40.25 + 38.50 - 54.00 - 25.80 + 38.50 -
32.00 + 41.05

= -0.375
(56)

12 3  = (32.50 + 40.25 - 38.50 - 54.00 - 25.80 - 38.50 +
32.00 + 41.05

- -2.75

X123 = (“32.50 + 40.25 + 38.50 - 54.00 + 25.80 - (57)
38.50 - 32.00 + 41.05)/4

- -2.85
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where 1^ = Effect of the percent of solids in the feed on 
the classification process

12 = Effect of the feed rate on the classification 
process

l^ = Effect of the high of the weir on the classification 
process

^1 2 ' ^1 2 ' ^23' ^123 = T^e effects °f t îe interaction
between the different factors on the classification 
process
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YATES TABLE

The method of obtaining Yates Table (Table VI) is out
lined below. Column (1) is derived from the value of dcr, asD U
follows. The first entry in column (1) is the sum of the
first responses (32.50 + 40.25). The second from the sum
of (38.50 + 54.00) and in this same way then the fourth value
73.05; the lower half of the column (1) is derived from the
response column by taking the difference of the same pair, the
lower minus the upper number each time.

To derive column (2), the same operation as before is
done, but taking as the base column (1). The same for the
column (3), but taking as the base column (2).

This operation has to be repeated the same number of times
according to the number of factors considered in the experimental
design. In the present case this operation has to be repeated
three times and the result is columns (1), (2), and (3).
Column (3) represents the effect totals. An effects column
is derived by dividing each number in column (3) by 2 ,

3-1where in the present case 2 =4, and this column (4), is the
effects column. A column of estimated coefficients in the 
corresponding linear model is derived by dividing each number

Y\ Oin column (3) by 2 , in the present case 2 = 8 .  This is 
shown in column (5)
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The last column in Table VI records the sum of the 
squares accounted for by each effect, and is obtained by 
squaring the effect total and dividing by 2 n.



T 1577 62

Gtr>•H
CO0Q

r o<N
UO44
CO

■PO
04H4-1WWH PI G> CQ O<! •HW Eh ■PPI 0« W 0c W uEh Eh 0C ■p>H G

H

G

g
mo
GO
•p
0HGO

r H0U

00
U —0 VO o o i n i n i n i n o o

3  0 0  ^ o o C M C M C M C M o o

c r \ i n i n r-t rH •H rH i n i n

COcM C H 4 C M r o o O 0 0 C M H 4
0 0 rH i n iH r o C M rH C M

4 - 1  r o  ^ « • • • • • • •

O  v—  rH i n r o rH C M r ^ - O m VO
0 H * i n o c r * rH rH

£ O H 4 C M •H
G . 1— 1

W rH

00
\ u o

r o o o i n i n i n i n O O

—  G i n i n CM CM r̂ i n i n

4-1 S cm C M VO rH 0 0 0 0 r - C M

4-1 3 0 0 VO i n i n iH r o H 4

0  rH c • • • • • • •
o  o i n r o o r o O rH rH

O  U r o 1 1 i i

H4
CO ^  -pU ̂  G
0  \  I

4 H  r o  » H  W —  O 
u

rH r o  O ̂  
O

H

o

V

<0
m
GO O in & *d co 0 

«

%  = * =  

«

o O in in in in o Oin in CM CM r» r- in in
VO CM rH o <r> r o 00e • • • • • • •

75 1
1 rH VO1 0

1

CM
1

C M

1

© o o O o o O o
VO o in rH o in o H4• • • • • • • •
CM in 0 0 H 4 r - rH rH rH
O ■ < r CM CM i rH «H
r o

G LO LO in in in in in in
CM r o CM r- p- p- VO§ e • • • • • • •

rH CM in r o iH o i 00 p- r o

0  — VO r o CM CM rH 1

u rH pH

m o O i n i n o O i n

r - i n r o o r * i n O

• • • • • • • •
CM CM s f r o p - i n CM o\
r - CTV v o r * rH rH

o in o o o o o in O in oin CM in o 00 in o o H4 r- o r o

• • • • • • • • • • • •

CM o 00 M 4 in 00 CM rH v o r ^ 0 0 r *

r o s p r o in CM r o r o H 4 r o r o r o r o

H

H

H
H
H

H
>H H> M>

H

HM> X

H X

H
X

H
M

X



TA
BL
E 

VI 
Co

nt
in

ue
d

T 1577 62A

inro
•

ro
II
IJh

CM

I

HII*H

CM 0 CO.

CM
inro
•

roiro
•

ro

CM
inro
•r-roIo
•

00ro

CM
inro
•r"roIin

ro

CM
inro
•

rolo

ro

i n
CM

3

ro in inCM CMrH rH CM
pH r- voCO in* • •

CM 0 CO
CM

3
ro

pHpH

• vo • *  0
V O 0  O
r o • r H  £
'— o A  0  

0 O
II II E n - H H

1 M H  0 i n o
CM 0 CM 0 ( £ |  * H  > o r H
CO CO £  0 • •

6  U * h 3 o O
O  - H
U c o
P m

a

in
in



T 1577 63

Analysis of Replicate Tests
Y, the mean of the four center point tests IX, X, XI, 

and XII is = 37.35. The sum of the squares of the four
n  - 2deviations from the mean I (Y.-Y) , divided by 4-1 = 3,
i=l 1  ,

gives the estimate of the error, S , as 0.4626.e
The significance of each effect can be determined by 

referring to a standard F-table at the required significance 
levele See Table VI.

Derivation of Complete Equation
If all main effects and interactions were significant, 

a linear model of the following form would be proposed:
(58)

=37.8250 + 5.6250x^ + 3.5625x2+ 0.5125x^X2
-3.4875x2 0.1875x^X2 ~ 1*3750x2X2 - 1.4250x^X2X2

where the x's are in coded form.

Significance of Coefficients
2In the present case with Se = 0.4625 and at 0.05 and 0.10 

significance levels, 1 ^  and 1 ^ 3  are not important.

Final Equation in Coded Form
After eliminating all the effects, or interactions that 

are not significant, the simplified model becomes:
(59)

dgQ ~ 37.8250 + 5.625x^ + 3.5625X2 ~ 3.4875x2 - 
1.3750X2X2“ 1.4250x^X2X2
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Final Equation in Uncoded Form

(60)
d5Q = 301.181 - 9.91177P1 - 0.196836F1 + 0.0079185F]P1 

45.4676W1 + 1.57353P1 W 1 + 0.0301798F1W1 -
0.00113122W1P1F1
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TABLE VII
Experimental Results Vs Present Model and Reidfs Model

Run Value Value dCA Value dcn50 50
dj-Q Actual Present Model Reid Model

I 32.50 31.60 32.50
II 40.25 40.37 40.00
III 38.50 39 ̂ 42 39.50
IV 54.00 52.61 49.00
V 25.80 24.76 24.00
VI 38.50 39.28 38.00
VII 32.00 32.32 32.00
VIII 41.05 40.84 40.00
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DISCUSSION

From the experimental tables and results it can be 
seen that:

1. The feed rate of the solids has a positive influence 
over the value of d^; this means that an increase in the 
feed rate results as an increase in the value of This 
is to be expected since keeping a constant percent of solids 
and height of the weir, and increasing the feed rate, the 
residence time decreases. This means that the particles have 
less time to settle and thus d^Q will increase. From the 
efficiency curve shown in Figures 4 and 6 it can be seen that 
an increase in the feed rate results in a less efficient coarse 
separation and almost the same efficiency on the rejection
of fines.

2. A change in the height of the weir at a constant 
feed rate and % solids results in:
a. A change in the volume of the pool; increasing pool volume 
results in a decrease in the intensity of surface agitation in 
the region of the overflow lip. An increase in weir height 
results in an increase in the residence time. Both of the 
above results cause a decrease in the value of ĉ q ; due to the 
fact that the particles have more time to settle down than with

66
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the lower weir, and also the medium is more quiescent. From 
the efficiency curve shown in Figures 7 and 11 it can be seen 
that inefficiency is in the finer separation with an increase 
in efficiency in coarse separation region for increase weir 
height.

3. The most important variable found in the study of 
the rake classifier is the percent of solids in the feed.
An increase in the percent of solids at a constant feed rate 
and height of the weir results in an increase of the value 
of dc-Q. As the % solids increases, the settling velocity 
will decrease, because of the increase in specific gravity 
and increase in viscosity of the pulp. From the efficiency 
curve shown in Figures 4 and 5 it can be seen that increasing 
the percent of solids results in a decrease in the efficiency 
in the coarse separation range and also a decrease in 
efficiency for the rejection of fines.

4. As can be seen from Table VII, the measured values 
of d^Q are in close agreement with those from Reids model 
and those calculated from equation 60 of this work.
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CONCLUSIONS

The objectives of the test work was to develope a simple 
model for the rake classifier, including the effect of changes 
of percent solids in the feed, feed rate of solids, and 
height of the weir upon the value of d^Q of the size separation.

The following conclusions have been drawn as a result of 
the investigation of the rake classifier-classification process:

1. A useful and simple model can be developed for the 
rake classifier using two level-factorial designs.

2. The d^Q values calculated with this model fit as 
well as or better than another model with the experimental 
values.

3. The model developed is strictly empirical, and applies 
to the equipment and ore tested. It should be possible, 
however, using similar experimental designs, to develope a 
model of an industrial-scale unit which can be used for 
predicting performance, with a minimum of experimental work.

4. The model developed uses d^Q as the response, i.e. 
it cannot be used to predict the fine size analysis of the 
products of the process. Such a comprehensive model would 
require much more extensive experimentation.
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APPENDIX A

DEFINITIONS AND TERMINOLOGY EMPLOYED FOR 2n DESIGNS

At this point it is desirable to introduce some conven
tional terms which are useful to describe experiment patterns 
in a concise manner. The basic concept is that of a factor: 
it is a quality, or property according to which the data 
are classified. Factors can be of two types, quantitative or 
qualitative.

LEVEL; is a general term to describe the particular 
property defining each category in the classification. When 
several factors are to be involved, the levels of all factors 
must be specified for each test or experimental run. The 
group of experimental runs for one- phase of n investigation 
is called an experimental design. The levels are referred 
to as the "low1' level and the "high" level. All possible 
combinations of levels are run. Thus, for a two-level 
factorial design in n factors, there are 2 n experimental 
runs.

EFFECTS; means resulting from the operation of changes in 
recognizable condition (change in response by a change in the 
level of some factor). An interaction effect between two
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factors x^ and X£ is the average difference between the 
effect of an increase in level of x^ at the higher level of 
X2 and the effect of an increase in level of x^ at the lower 
level of X2 «

The position about all the observations of a distribution 
tend to cluster, the point of central tendency is given by the 
mean of all the observations (x).

-  1  n x = — I x.
n i=i 1

A very convenient measure of the spread of a distribution 
is given by the standard deviation denoted by S. It is 
calculated by squaring the differences of individual observa
tions from the mean, summing them, then taking the square root
of their average 

n
E , -x 2

S ■ n- 1

the square of the standard deviation is called the variance.
n  - 2 E (x—x)

n- 1

DEGREE OF FREEDOM: Similar to the concept employed in
physics is used in statistical language. The sum of n squares 
of deviations from the sample mean
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E (x,-x) = (x,-x) + ... + (x -x)
i=i 1 1 n

i nwhere x = — Z X.
n i=i 1

is said to have just n- 1  degrees of freedon, for if x is
fixed, only n- 1  of the x's can be chosen independently and 

*ththe n is then determined.
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APPENDIX B

TESTS OF SIGNIFICANCE

Before the statistical significance of individual
2effects can be assessed, an estimate of error variance Se

must be available.
k - 2  Z (Y.-Y)

c2 - i = 1  e k- 1

where k is the number of repeated runs at this point. 
Alternatively for a design that has been replicated, the error 
of variance is estimated by pooling individual variances; then:

2 (nj-DS^ + (n2-l)S2 + ... + (nk-l)s£
Se “ (n̂  + n2 + ... + n^) - k

2where S^ = pooled estimate of variance
2n. = number of observations in each estimated of S.i l

k = number of estimates
2the number of degrees of freedom in S0  is (n^+nj + *.. + n^ - k)

where ni = n 2  = *** = nk' can s^own that
„2_ S 1  + S 2  + + Sk
e ;
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APPENDIX C 

CALCULATION OF FEED RATE OF SOLIDS

Density of the ore = 2.71

x = pulp density of grams/cc, 
y = pulp flow rate in ccs/min, 

then y * x = weight of the pulp in gr./min.

For pulp density = x 
Consider 1000 grams of pulp

= weight of solid 
= weight of water

= volume of solids

1000------------   = x
(1000-a) +

■ 10°-a + 277T

- l00-aU-

= 1000 - 0 c 631a

=  1000(1 ~
0.631

where a
100-a

2.71

therefore

1000
x
1000
x
1000
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1000 grams of pulp of pulp density - x, contains 

0°63T ^  ” x* 9rams solids. Now 1000 grams of pulp has a
i . 1000 1000 , . . 1000 ,, 1.volume of ------ ccs.   ccs> pulp contains n- Ay (1 - —)X X -• U • O J X X. 1 (1 - —) grams solid.. — ccs. pulp contains x grams of solids.

X 0.631

Therefore: 1 grams of solid is contained in ccs. pulp.
/„ to calculate the required feed rate F grams solid/min

1. measure pulp density of feed = x
2. set feed to give volume flow rate of pulp in ccs/min:
F * 0.631 
“ Fx-TJ
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APPENDIX D 
EXPERIMENTAL DATA

Experiment Number - I

Factor Settings

Sampling Data

% Solids 
Feed Rate 
Weir

26.2
1120.0

6.0

Time Wet wt. Dry wt.
gm.

Solids solids/min

Feed
O/Flow
U/Flow

30.0
30.0
30.0

2162.0
1542.9
651.5

565.7
109.9
461.5

26.2 1120.0
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Size Analysis

% wt. Retained

Mesh Size Feed 0/Flow U/Flow

+35
35/48
48/65
65/100

100/150
150/200

Cyclosizer
1 42 3.54 4.18 3.47
2 33 2.71 6.14 1.68
3 23 1.62 6.50 0.45
4 16 2.43 8.65 0.48
5 11 1.72 6.30 7.95E-2

Feed
gm./sec.

U/F
gm./sec. (U/F)/Feed

0.66 0.53 0.800.51 0.26 0.500.30 6.80E-2 0.230.45 7.26E-2 0.160.32 1.21E-2 3.77E-2
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Experiment Number - n

Factor Settings % Solids _____36. 8
Feed Rate 1133.0
Weir 6.0

Sampling Data

gm,
Time Wet wt. Dry wt. % Solids solids/min.

Feed 
O/Flow 
U/Flow

34.3 1760.5 647.8

34.3 1243.0 207.8
34.3 515.0 435.5

36.8 1133.17
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Size Analysis

% wt. Retained

Mesh Size Feed O/Flow U/Flow

+35
35/48
48/65
65/100

100/150
150/200

Cyclosizer
1 42 3.63 7.63 2.93
2 33 2.06 6.88 1.04
3 23 1.55 5.80 0.46
4 16 1.65 6.78 0.37
5 11 1.28 * 4.81 0.27

Feed
gm./sec.

U/F 
gm./sec. (U/F)/Feed

0.69 0.37 0.54
0.39 0.13 0.34
0.29 0.06 0.20
0.31 4.67E-2 0.15
0.24 3.47E-2 0.14
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Experiment Number - m

Factor Settings % Solids  26 . 7
Feed Rate 1634. 0 
Weir 6.0

Sampling Data

gm.
Time Wet wt. Dry wt. % Solids solids/min.

Feed 18.7 1908.2 509.2 26.68 1633.8
O/FXow 1 8 . 7  1380.1 150.7
U/Flow 18.7 515.9 369.9
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Size Analysis

Mesh Size Feed

% wt. Retained

0/Flow

+35
35/48
48/65
65/100

100/150
150/200

Cyclosizer 
Cyclone 1 42

2 33
3 23
4 16
5 11

4.53
3.36
2.06
2.71
1.45

6.25
7.06
4.21
7.97
5.95

Feed
gm./sec.
1.23
0.92
0.56
0.74
0.39

U/F 
gm. /sec.
0.69 
0.30 
8.18E-2 0.11 
5.84E-2

(U/F)/Feed
0.56
0.33
0.15
0.15
0.15

U/Flow

3.50
1.54
0.41
0.56
0.30
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Experiment Number - iv

Factor .Settings % Solids ______36. 2
Feed Rate 1638.0
Weir 6.0

Sampling Data

gm,
Time Wet wt. Dry wt. % Solids solids/min.

Feed 26.0 1960.0 709.9
O/Flow 26.0 1236.7 191.8
U/Flow 26.0 697,0 498.0

36.22 1638.23
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Size Analysis

Mesh

+35
35/48
48/65
65/100

100/150
150/200

Size

417
300
210
150
105
75

% wt. Retained

Feed O/Flow U/Flow

10.74 1.08E-2 13.27
16.36 1.08E-2 21.20
13.99 0.15 18.71
15.98 1.56 21.06
6.46 2.08 7.78
8.08 5.97 8.18

Cyclosizer

Cyclone 1 
2

42
33
23
16
11

4.31
2.41
1.85
2.06
1.49

7.36
6.63
5.53
6.47
4.71

2.51
0.93
0.43
0.34
0.21
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Feed
gm./sec.

2.93
4.47
3.82
4.36
1.76
2.21
1.18
0.66
0.50
0.56
0.41

U/F
gm./sec.

2.54 
4.06 
3.58 
4.03 
1.49 
1.57 
0.48 
0.18 
8.15E-2 
6.57E-2 
4.07E-2

(U/F)/Feed

0.87
0.91
0.94
0.92
0.84
0.71
0.41
0.27
0.16
0.12 
0.10
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Experiment Number - v_____

Factor Settings % Solids  26.5
Feed Rate 1121.0
Weir 8.0

Sampling Data

gm.
Time Wet wt. Dry wt. % Solids solids/min.

Feed 20.6 .1452.9 385.0 26.5 1121.0
0/Flow 20.6 1030.0 89.0
U/Flow 20.6 429.5 316.5
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Size Analysis

Mesh Size Feed

% wt. Retained

0/Flow

+35
35/48
48/65
65/100

100/150
150/200

Cyclosizer 
Cyclone 1 42

2 33
3 23
4 16
5 11

3.61
1.69
1.29
1.44
1.26

3.63
3.39
3.88
3.94
4.80

Feed U/F
gm./sec. gm./sec. (U/F)/Feed
0.68* 0.46 0.68
0.32 0.22 0.69
0.24 9.75E-2 0.41
0.27 5.41E-2 0.20
0.24 2.63E-2 0.11

U/Flow

2.99
1.43
0.63
0.35
0.17
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Experiment Number - vi

Factor Settings % Solids ______36. 8
Feed Rate 1123.0
Weir 8.0

Sampling Data

gm.
Time Wet wt. Dry wt. % Solids solids/min

Feed 32.6 1660.0 610.0 36.80 1123.0
O/Flow 32.6 953.0 155.5
U/Flow 32.6 684.9 467.0
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Size Analysis

Mesh Size Feed

% wt. Retained

0/Flow

+35
35/48
48/65
65/100

100/150
150/200

Cyclosizer 
Cyclone 1 42

2 33
3 23
4  16
5 11

4.25
1.81
1.37
1.60
1.23

7.96
6.44
5.42
6.30
4.59

Feed U/F
gm./sec. gm./sec. (U/F)/Feed
. 0 • 80> 0.46 0.58
0.36 0.14 0.40
0.26 6.36E-2 0.25
0.30 6.14E-2 0.17
0.23 3.21E-2 0.14

U/Flow

3.23
1.01
0.44
0.36
0.22
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Experiment Number - v n

Factor Settings % Solids 26.6
Feed Rate 1632.0
Weir 8.0

Sampling Data

gm.
Time Wet wt. Dry wt. % Solids solids/min.

Feed 1 7 . 1  1749.7 465.0 26.6 1632.0
O/Flow 17.1 1299.0 125.5
U/Flow 17.1 445.0 330.0
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Size Analysis

% wt. Retained

Mesh Size Feed 0/Flow U/Flow

+35
35/48
48/6!>
65/100

100/150
150/200

Cyclosizer
1 42 4.24 5.81 4.61
2 33 3.08 5.29 2.21
3 23 2.34 6.85 0.81
4 16 2.03 8.61 0.35
5 11 1.67 5.76 0.13

Feed
gm./sec.
1.15 0. 84 
0.64 
0.55 
0.45

U/F
gm./sec.
0.89
0.43
0.16
6.77E-2
2.52E-2

(U/F)/Feed
0.77
0.51
0.25
0.12
5.54E-2
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Experiment Number - VIII

Factor Settings % Solids  36. 8
Feed Rate 1648.0
Weir 8.0

Sampling Data

gm,
Time Wet wt. Dry wt. % Solids solids/min.

Feed 31.1 -2318.0 854.0
0/Flow 31.1 1410.0 249.0
U/Flow 31.1 890.5 606.0

36.8 1648.0
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Size Analysis

% wt. Retained

Mesh Size Feed 0/Flow U/F low

+35
35/48
48/65
65/100

100/150
150/200

Cyclosizer
1 42 3.24 6.76 2.49
2 33 2.40 5.95 0.95
3 23 1.79 5.17 0.48
4 16 1.85 6.14 0.54
5 11 1.40 4.47 0.30

Feed
gm./sec.
0.89
0.66
0.49
0.51
0.38

U/F
gm./sec.
0.49
0.19
9.39E-2
0.10
5.91E-2

(U/F)/Feed
0.55
0.28
0.19
0.21
0.15
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Experiment Number - IX

Factor Settings % Solids  32 . 0
Feed Rate 1390.0
Weir 7.0

Sampling Data

gm.
Time Wet wt. Dry wt. % Solids solids/min.

Feed 24.7 1800.0 576.3 32.0 1390.0
O/Flow 24.7 1085.0 133.6
U/Flow 24.7 700.0 439.0
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Size Analysis

% wt. Retained

Mesh Size Feed 0/Flow U/Flow

+35
35/48
48/65
65/100

100/150
150/200

Cyclosizer
1 42 3.33 6.47 3.22
2 33 2.00 5.12 1.07
3 23 1.42 4.99 0.42
4 16 1.66 6.51 0.34
5 11 1.18* 4.71 0.17

Feed
gm./sec.

U/F 
gm./sec. (U/F)/Feed

0.78 0.57 0.74
0.47 0.19 0.41
0.33 7.54E-2 0.23
0.39 6.08E-2 0.16
0.28 3.00E-2 0.11
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Experiment Number - x

Factor .Settings % Solids ____ 31. 9
Feed Rate 1392.0
Weir 7.0

Sampling Data

gm,
Time Wet wt. Dry wt. % Solids solids/min.

0/Flow 
U/Flow

24.5 1788.0 570.0
24.5 1092.2 140.8
24.5 696.0 438.0

31.9 1392.0
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Size Analysis

Mesh Size

+35
35/48
48/65*
65/100

100/150
150/200

Cyclosizer
1 42 3.88 6.73 3.55
2 33 2.27 5.57 1.16
3 23 1.65 5.14 0.45
4 16 1.93 6.75 0.36
5 11 1.41 1.16 0.19

Feed U/F
gm./sec. gm. /sec. (U/F)/Feed
0.90 0.64 0.700.53 0.21 0.390.38 8.03E-2 0.210.45 6.47E-2 0.140.33 3.42E-2 0.10

% wt. Retained 

Feed O/Flow u/Flow
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Experiment Number - XI____

Factor Settings % Solids  31.1
Feed Rate 1363.0
Weir 7.0

Sampling Data

gm.
Time Wet wt. Dry wt. % Solids solids/min.

Feed 27.2 .1985.7 617.8 31.1 1363.0
0/Flow 27.2 1225.0 148.0
U/Flow 27.2 766.0 470.3
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Size Analysis

% wt. Retained

Mesh Size Feed 0/Flow U/Flow

+35
35/48
48/65
65/100

100/150
150/200

Cyclosizer
1 42 4.18 6.75 3.56
2 33 2.31 5.70 1.16
3 23 1.58 5.15 0.46
4 16 1.91 6.61 0.34
5 11 1.43 5.26 0.19

Feed U/F
gm./sec. gm./sec. (U/F)/Feed
0.95 0.62 0.65
0.52 0.20 0.38
0.36 7t88E-2 0.22
0.43 5.91E-2 0.14
0.32 3.31E-2 0.10
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Experiment Number - xii

Factor Settings % Solids  3 1 . q
Feed Rate 1350.0
Weir 7.0

Sampling Data

gm.
Time Wet wt. Dry wt. % Solids solids/min.

Feed 27.4 1981.7 615.3 31.0 1350.0
O/Flow 27.4 1218.0 147.5
U/Flow 27.4 757.0 466.0
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Size Analysis

% wt. Retained

Mesh Size Feed O/Flow U/Flow

+35
35/48
48/65
65/100

100/150
150/200

Cyclosizer
1 42 3.53 6.00 3.46
2 33 1.89 5.25 0.95
3 23 1.23 4.74 0.37
4 16 1.56 6.43 0.26
5 11 1.10 5.10 0.14

Feed
gm./sec.

U/F 
gm./sec. (U/F)/Feed

0.79* 0.59 0.74
0.42 0.16 0.38
0.28 6.27E-2 0.23
0.35 4.34E-2 0.120.25 2.33E-2 9.43E-2


