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ABSTRACT

Disc filters are often employed for the
dewatering of mass products, where high
specific throughputs and low cake moi-
sture contents are required. This is
only achieved with maximum energy utili-
zation and improved filter performance.
Investigations were carried out on in-
dustrial filter plants. Analysis of the
collected data has shown that dewatering
efficiency often depends upon the .fil-
ter design.

A simulation program for the entire
filtration cycle has been developed.

The models are based on filtration
theory and experimental measurements.
The computer simulation allows for
calculation of production rate, moisture
content and air consumption. This paper
demonstrates how suitably developed com-
puter models can facilitate the design
of disc filters to reduce cake moisture
or to improve filter performance. The
goal is to optimize the design of new
filters as well as to improve the
performance of units already installed.

INTRODUCTION

Disc filters are widely applied in the
preparation industry, e.g. iron ore,
coal, alumina etc. The decreasing size
of the particles in the concentrates to
be filtered, as well as increased energy
costs require the filter performance

to be improved, so that higher through-
puts and/or lower cake moisture is
achieved with a minimal energy expen-
diture |1}.

The advantages of the disc filter in
comparison with other continuous (i.e.
drum or belt) filters, are |2]:

-~ maximum filtration area per unit
floor space

- specific cost per filtration area of
40% and 60% less than for a drum or
a belt filter respectively

- large filtration area of up to 50 m2
per disc and 470 m® per unit possible

~ minimum downtime for changing disc
segments.

On the other hand there are still some
problems such as the unequal cake thick-
ness on the segment or the discharge

of the filter cake. The uniformity of
the cake thickness is important, as it
exerts a direct influence on the cake
moisture and the air consumption.

Contrary to the rotary drum filter,
the disc filter operation and its ana-
lysis is more complicated, as the par=-
ticles are deposited on the segment at
a variable distance from the axis of
rotation. Tiller and Risbud [3|as well
as Rushton |4| have investigated the
operation of the disc filter. Their
analysis mainly deal with the first
step of the filtration cycle and relate
the rate of filtrate flow to the
process variables.

In many cases, however, the cake moi-
sture is of great importance because of
its direct influence upon the thermal
drying or transport costs or just the
handling of the filter cake. The cake
moisture content is determined by the
pressure differential, the dewatering
time, and the filter cake thickness.
Due to the disc filter principle, some
of these parameters are not constant
for each segment location. The broader
their variation over the segment, the
lower the filter performance. Although
it is known and often evident on fil=
ter plants that the cake thickness varies
over the segment, its consequences for
the dewatering of the filter cake and
the vacuum system are underestimated.
Investigations were carried out on
various disc filter plants and products
in Brazil. Analysis of the collected
data showed that a wide distribution

of cake thickness is accompanied by a
cake moisture distribution with diffe=-
rences of up to 4 percentage points on
one segment.

A simulation program has been developed
to compute cake formation, cake dewa-
tering, and the air throughput. The



computerized simulation uses theoretical
and phenomenological models. The pro-
gram can be utilized either to design
new and more efficient filters, or to
optimize already installed units. It
must, however, be distinguished between
modifications concerning:

- the reduction of the cake moisture,

- the reduction of the specific energy
consumption or

- the increase of the specific produc-
tion rate.

We believe that his topic is, above all
now of pressing importance. Although
our rescarch about disc filters is
still being conducted, some results will
nevertheless be presented. We intend to
accelerate the transfer of scientific
and laboratory findings to a practical
and profitable application.

OPERATION OF THE DISC FILTER

Disc filters consist of a series of
discs mounted on a common horizontal
shaft. While the shaft rotates, the
lower parts of the discs are submerged
in the slurry (Fig. 1). Normally, the
level of submergence is kept below the
axis of the disc, thus avoiding the
necessity of sealing. The discs are
divided into segments. These segments
are individually connected by internal
or external tubes on the center shaft
to an automatic valve, which separates
the vacuum for the filtering and drying
zone and the compressed air for the dis-
charging zone. While the filter sectors
pass through the slurry, vacuum is
applied inside the segments and the fil-
ter cake is deposited on both sides.
Upon emerging from the slurry, the cake
is dried by further suction and is
finally discharged by compressed air
and/or scraper-blades.

Fig.l: Various positions of segment ACDE

The number of segments per disc varies
between 10 and 30. A filter may have up
to 15 discs. The fi}tering area varies
between 2 and 470 m~. Most of the fil-
ters operate with a submergence less
than 50%, so that it is not necessary
to seal the center shaft. This is of
practical consequence, as many products
are abrasive and users of filter equip-
ment tend to avoid sealings despite the
fact that various reliable solutions
are available. The disc filter still
offers a great potential for improve-
ment |5,6|. In this paper, however,

we will limit our discussion to modi-
fications concerning the reduction of
cake moisture and air consumption.

SIMULATION OF THE FILTER CYCLE

A simulation program has been developed
which facilitates the study of the in-
fluences of product, operation and
design parameters on the filter perfor-
mance. In the present simulation of

cake formation, Rushton's model was
chosen which is based on the filtration
equation for incompressible cakes. For
the dewatering and the air consumption,
the models used are semi-empirical. They
use a statistical/empirical approach

and are based on experimental data. The
objective of the simulation is to opti-
mize the filter performance. With the
simulation program it is also possible
to predict the influence of design para-
meters etc. without prior testwork on

a filter. The model parameters must then
be specified in advance.

CAKE FORMATION

Figure 1 displays two characteristic
positions of a segment during its pas-
sage through the slurry. In the first
position the segment is just completely
submerged. Now vacuum can be applied
for cake formation, which is the first
step of the filtration cycle. If the
cake formation is rapid, however, and
drying is the governing factor, the
cake formation may be initiated even
later. The design parameters that can
be used to regulate the cake thickness
are firstly the apparaent submergence
and secondly the locations of the bridge
blocks in the filter valve. Together
they give the so-called effective sub-
mergence; a value which is not constant
as will be explained later. The hydro-
static head is also taken into account,
as it varies with the difference in
heights of the slurry level and the
point under consideration. Its influence
also depends upon the form and the in-
ternal volume of the segment and
whether the filtrate is immediately
withdrawn or not.



In the second position, the segment has
partially emerged from the slurry. Cake
deposition has ceased at point E and
the portion above the slurry surface.
In this stage point E already starts
drying whereas the points A,B,C and D
not yet above the slurry's surface are
still forming a cake. Thus each point
on the segment is subject to a diffe-
rent set of filtration conditions during
one filter cycle.

By means of the computerized simulation,
we can, for example, calculate the cake
thickness at any location of the segment
In our case the segment is subdivided
into 441 locations. Thus we can deter-
mine the cumulative distribution of

any variable (cake thickness, moisture
content, air throughput etc.) on the
segment. The data used in the simula-
tion are presented in Table 1. They
refer to a pellet feed filter plant.

The cake and medium resistance were
determined in laboratory tests.

RI: 0.4 m Rmz 1.00 1010 1/m
R,t 0.9 m R.: 8.03 10'2 1/m?
sb: 10 ¥ ¢ 0.001 Pa.s

AS: 38 % Pp? 2314 g/1

B: 0,02 m n: 0.5 rpm

Pf: 0.30 bar oy 5 deg. (point E)
Pd: 0.75 bar

Table 1: Parameter values

With the aid of numerical plotting, we
can even illustrate how the cake
appears on onc side of the segment.
The filter cake in Figure 2 is shown

with the leading edge in the foreground.

In this specific instance, a blank
strip at the leading and the trailing
edges is used to avoid cohesion between
the individual cakes, and thus to im-
prove the cake discharge. At the point
E the cake thickness, given in mm, is
lowest because of the shortest cake
formation angle on the sector. The
cake thickness increases from the
inner radius and the leading edge to
the outer radius and the trailing edge.
The maximum is achieved in point A
which has the longest cake formation
angle. The result is a cake thickness
distribution. The plane parallel to
the segment represents the average
cake thickness obtained by integration
over the filtering area. Only an abso-
lutely uniform cake would appear so.
The later the vacuum is applied after
complete submergence of the segment
and the more effective the hydrostatic

head, the less uniform the cake.
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Figqure 2: Cake distribution on one seg-
ment side

A comparison between the results obtai-
ned by simulation and actual measured
values is given in Table 2. As far as
cake thickness is concerned, the diffe-
rence is insignificant and within the
variation due to the filter operation.

Location A E

on segment

hc,meas. mm 20.0 7.9

hc,calc. mm 20.4

me sas. % 10.7

mC..1c. 10.2 6.3
Table 2: Comparison of mecasurcd and

calculated data

CAKE MOISTURE

In many cases, the problem arising in
filter plants is the unsatisfactory
moisture content of the filter cake.

The higher the cake moisture, the higher
the cost for thermal drying or transport.
Handling of the filter cake or subse-
quent processes may additionally suffer
as a result of high cake moisture. Con-
sidering the cake moisture, it is im-
portant to realize that the average
moisture content mc of the values
determined for each"point on the segment,
is less than the overall moisture con-
tent mc of the discharged cake. The
overall “moisture content is the mean
value with respect to the cake thick-
ness and therefore takes into account

the cake thickness distribution. This

is expressed in the following equation:
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The average and the overall moisture
content are only identical for a uni-

form cake thickness.

Therfore the cake

moisture does not only depend upon
operating and product data such as
pressure differential, particle size,

drying time

etc. but also upon the

thickness distribution of the cake.

Analogcous to the cake formation, cach
point on the segmént is subjected to
individual dewatering conditions (Fig.1).
As the discharge occurs for all points

simultaneously, those points
first from the slurry have a
watering angle and therefore

emerging
wider de-
more time

for drying. The thinner the cake the
longer its dewatering time and vice
versa.This kind of superimposition of

both effects ~ the
cake thickness and
of the drying time - is most

Two graphs of cake

distribution of the
the distribution

undesirable.

moisture as a func-

tion of an a?breviated correlating

factor (t.,/h
imposition of

) describing the super-
both effects for two

products with different dewatering kine-
tics are illustrated qualitatively in

Figure 3. The dryingtime t

nal to the dewatering anglé a

square of the cake thickness
tional to the cake formation
The corresponding term a /c1
two design parameters ané is
of the speed of the filter.

is proportio-

and the
is propor-
angle a;.
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independent
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Figure 3: Cake moisture correlation

Produkt I will be more affected by the
filter design than product II, because

the gradient within the values calculated
for the points A and E on the segment is
higher. The moisture in point E has
already accomplished its minimum,whercas
the portion around A is still very humid.
The overall cake moisture lies much
closer to the moisture of point A as
already explained. This means that for
product 1 the filter design can be im-
proved to reduce the cake moisture. The
distance between the points A and E in
this figure can indicate the filter's
dewatering performance. With a good
filter, these two extreme points (A' and
E') would be much closer. Depending on
this graph, the problem may or may not
be apparent, so that a filter design
cannot be judged in general, but only

in relation to the product to be fil-
tered.

AXIR CONSUMPTION

The air flow rate through the cake, as
well as the total air volume is strongly
related to the dewatering kinetics and
the dewatering time. Typical air flow
rate curves for different cake thicknes-
ses are shown in Figure 4. As illustra-
ted in Figure 3, there is a dewatering
optimum which is past the knee of the
curve. Once the cake moisture has

reached its asymptote, the air rate also
approaches its asymptote correspondingly.
Any further drying means that excessive
horsepower is wasted by surplus vacuum
pump operation without an adequate im-
provement in moisture reduction. High

air flow rates in the inner parts of

the cake can be responsible for a reduced
vacuum and thus drying capacity is addi-
tionally lost for the thicker cakes.
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Although the measurement of the cake
thickness and the moisture content at
any point of the filter segment presents
no particular problem, this cannot be
said for the air flow rate. From labo-
ratory tests, however, a relationship
between cake thickness, its local moi-
sture and the correlating air flow rate
can be obtained (Fig. 4). The semi-
empirical model is then used in the si-
mulation. As a consequence of the cake
thickness and the respective dewatering
time distribution, the air consumption
again varies over the whole segment
dramatically. A typical result of the
simulatin is shown in Figure 5. The
local air consumption is related to the
maximum value for better plotting.
Corresponding to the cake thickness
distribution, the relative air consump-
tion has a maximum in point E where the
cake is thinnest and a much lower level
for the other cake location. The air
consumption is even less uniform than
the cake thickness.
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The total air volume consumped during
the dewatering determines the number and
the size of the vacuum pumps and thus
the filtration costs. Consequently fil-
ter and vacuum pump should always be
considered together as parts of a system
and not individually. Practical expe-
rience has shown that the specific air
consumption for a disc filter is higher
than that of a drum filter, where the
cake is more uniform.

EXPERIMENTAL INVESTIGATIONS

Investigations were carried out on seve-
ral industrial disc filter plants in
Brazil to measure the actual performance
of various disc filters in operation.
The cake thickness and the moisture
content of the filter cake were dectermi-
ned at predetermined segment locations.
Additional tests on a laboratory scale
filter were conducted to determine pro-
duct parameters such as the cake and
filter medium resistance, cake porosity
and the air flow rate as a function of
cake moisture.

In table 3 the maximum and minimum values
of cake thickness and cake moisture are
shown to illustrate their variation

over a segment. These results were ob-
tained under "normal" operating condi=-
tions. Various products, such as alumi-
nium hydroxide, bauxite, iron ore and
apatite, were all tested, thus avoiding
product specific results. The particle
size distribution differed substantial-
ly from product to product. Bauxite con-
sisted of particles only 20% smaller
than 44 microns (325 mesh) whereas one
pellet feed was of particles 97% smaller
than 44 microns. All filters but one

had 10 segments per disc. The apparent
submergence varied between 38% and 44%,
whereas cake formation often started
after the 6:00 o'clock position. None
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- g/cm3 x<44pym =~ - mm L) % (abs)
Alumina | 2.35 40 10 44 19.0-23.3 11.91-15.52 3.6l
Apatite | 3.20 32 10 40 18.0-23.6 12.94-16.55 3.61
Bauxite | 2.60 20 10 40 19.6-25.0 13.20-16.52 3.32
Iron Ore | 5.26 62 10 38 8.0-20.0 6.70-10.70 4.00
Iron Ore | 5,26 62 10 42 8.4-13.8 7.90- 9.50 1.60
Iron Ore | 4.90 94 10 42 22.0-32.0 9.60-10.80 1.20
Iron Ore | 5,07 97 16 40 10.4-15.0 9.00- 9.46 0.46

Table 3: Data from different disc filter plants




of the filters was equipped with center
shaft sealing. The difference of the
moisture content on one segment varied
from 0.46 to 4.00 percentage points bet-
ween point A and point E. The overall
moisture content was closer to the upper
value as explained above. The higher

the number of segments per disc, or the
higher the submergence of the disc, the
smaller the differences. In the case of
the alumina, the cake was quite uniform
but the dewatering was poor due to high
hydraulic resistances within the filtra-
te system. The differences in filtra-
tion data, obtained from the various
filter plants, are of tremendous econo-
mical interest and also illustrate that
the problems discussed in connection
with the pellet feed cake are not re-
stricted to a single product.

MODIFICATIONS OF THE FILTER DESIGN

In the following, modifications of the
filter design concerning the formation
of the filter cake, the reduction of
cake moisture content as well as air
consumption are to be discussed. The
modifications concern the design of
new filters as well as existing in-
dustrial units. From the various design
parameters, we will concentrate on the
submergence of the disc and the number
of segments.

As demonstrated above, a wide cake
thickness distribution can result in a
poor and unequal dewatering of the cake
as well as an excessive air consumption.
The solution to this problem is the for-
mation of a cake of a uniform thickness.
Modifications leading to increased spe-
cific production rates, such as increa-
sing the effective submergence, are
partially implied but will not be dis-
cussed in detail.

By means of the simulation program,
trends are obtained for an improvement
of the filter performance by a modi-
fication of the design parameters. As
far as possible the results obtained

on filter plants are presented. The
data used here refer to the one mentio-
ned in Table 1.

SUBMERGENCE OF THE DISC

In most cases the maximum slurry depth
is fixed by the necessity of a certain
clearance between the surface and the
axle bearing,unless a sealing is used
on the shaft. If the dewatering is the
contrelling factor when sizing the
filter, the apparent submergence is
often low, in order to obtain a maxi-
mum dewatering angle. The inner portion
of the segment enters, only for a short

duration, into the slurry. If the sub-
mergence is low and the cake formation
starts just before emerging, the cake
will be less uniform as shown before
in Fig. 2.

To show the influcnce of the increase

in submergence, the cumulative distri-
bution of the cake thickness is illu-
strated in Fig. 6. For a submergence of
38% the cake thickness varies from

4.9 mmn to 20.9 mm. This is the broad
distribution from the cake shown in

Fig. 2. Increasing the submergence to
42% (here maximum apparent submergence
without sealing on the center shaft)
yields a narrower distribution from

7.2 mm to 20.6 mm, while the average
cake thickness of 15.8 mm is maintained
by bridge block adjustment. Without
changing the bridge block positions but
increasing the submergence to 50%, the
average cake thickness is augmented by
47% from 15.8 mm to 23.3 mm. The distri-
bution becomes even narrower with a
minimum thickness @f 19.6 mm and a maxi-
mum of 26.4 mm. Thus, when increcasing
the submergence, a higher production

and a more uniform cake results. A
further increase in production would be
obtained by a wider cake formation angle.
In casces where a reduction of cake
moisture is desired, the average cake
thickness (production) can be maintained
by adjusting the bridge blocks in the
filter valve.
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Fiqure 6: Cake thickness distribution

The computed overall moisture contents
of the pellet feed cakes for a sub-
mergence of 38% and 42% only slightly
differ (8.98% and 9.01%), although the
dewatering time is reduced by the in-
creased slurry level. An increase in
cake moisture could be expected, but
this is compensated by the narrower
cake thickness distribution. In Fig.7
the corresponding cake moisture distri-



butions are illustrated. For a submer-
gence of 50%, the residual moisture
rises to 10.6%, as the cake thickness
is much higher and the dewatering time
shorter. This means that an optimum
submergence exists. As a consequence to
the more uniform cake thickness, the
cake moisture distribution is quite
narrow.
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The incrcase of submergence from 38%

to 42% realized on a pellet feed fil-
ter plant, yielded a more uniform cake
{(see Table 3) and the specific produc-
tion rate rose by approximately 20%.

In addition, the overall moisture con-
tent was reduced simultancously by 0.5
percentage points. This is quite asto-
nishing when one considers the increase
in production.

The relative air consumption V/V
also becomes more uniform as the
submergence rises, as illustrated in
Fig. 8. With the low apparent submer-
gence of 38% the ratio V/V is less
than 0.33 on half of the "% segment.
For a submergence of 42% the air con-
sumption is more uniform (V/V =0.47).
For the higher cake obtained with
a submergence of 50% the distribution
becomes even narrower. On 50% of the
filtering area the ratio V/V is
already 0.77. It is obvious MaxX from
Figures 2, 4 and 5 that the more uni-
form, or the higher the cake, the less
the absolute air consumption.

max

max

On the filter plant, no air rate mea-
surements could be realized. A vacuum
increase, however, of 8 mbar was ob-
served, which may be a result of the
reduced air consumption and the more
uniform dewatering. The higher vacuum
partially compensates the reduction in
dewatering time. An increase in vacuum
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Figure 8: Relative air consumption
distribution

has also been observed on other filters,
where the submergence was raised in or-
der to increase the production rate,
whilst maintaining the cake moisture
level. A reduction of the air consump-
ticn means that filter plants can be
opcrated with less vacuum pumps thus
considerably reducing energy costs.

An increase in submergence, if inidica-
ted for the product, is simple and un-
expensive to realize even on installed
units.

NUMBER OF SEGMENTS

The number of segments per disc is a
fixed design parameter. As shown in
Table 3 only one disc filter type had
16 instead of 10 segments. Rushton has
already thceoretically verified, that,
by increasing the number of segments
the throughput of the filter can be in-
creased |4|. It is obvious from Fig. 1
that a higher number of segments will
reduce the differences between the
leading and the trailing edges. There-
fore the cake will be more uniform.

In addition to this, the higher the num-
ber of disc segments, the longer the
drying time. Thus again reducing the
cake moisture. With 10 segments, the
overall moisture content is 8.98%.

With 30 segments the cake moisture is
reduced to 8.46%. With 50 segments

this value decreases to 8.39%. The
corresponding cake moisture distribu-
tions are shown in Fig. 9. This means
that by increasing the number of seg-
ments the moisture content can be re-
duced. The potential for improvement,
however, decreases with the number of
segments. In Table 3 the filter with

16 segments has the least difference in
moisture content on each segnent.
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Analogeous to the submergence increase,
it is obvious that the distribution of
the local air consumption will get
narrower with an increasing number of
segments. The absolute air consumption
will decrease with a more uniform cake.

GENERAL CONCLUSIONS AND PRACTICAL
CONSIDERATIONS

The disc filter offers many advantages
compared to other continuous filters.
Due to the disc filter principle, the
cake thickness on the segment is not
uniform. The cake thickness distribu-
tion provokes cake moisturc and air con-
sumption rate distributions. The broa-
der the distributions, the lower the
filter performance. High residual moi-
sture contents and excessive air con-
sumption are the consequences. These
problems are often caused by improper
filter design. Selected modification

of this, however, can improve the fil-
ter performance. Promising results

were obtained on a pellet feed filter
plant. Although the intended serie of
modifications has not been concluded,

a reduction of 0.5 percentage points
and simultancously a 20% increase of
the production were achieved. In alu-
mina filter plants, modifications con-
cerning the throughput, yielded increases
of up to 100%. An optimization of the
filter design is also necessary, should
the aim be to use such a filter in a
pressure vessel for hyperbaric vauum
filtration, otherwise the problems
appear more drastically.

A simulation program was developed to
investigate the influcnce of the design
paramcters on the filter performance

without prior testwork. The results are
useful for the design engineer as well
as the plant operator. Investigations
carried out on industrial filter plants
as well as trends obtained by simulation
are summerized in the following:

1) The design of the filter can be opti-
mized to improve the filter perfor-
mance by

- increasing the number of segments
- increasing the submergence
- using packages on the center shaft

2) Already installed filter units can
be improved concerning the reduction
of cake moisture content (a) as well
as the increase of throughput (b) by

- increasing the submergence (a,b)

- optimizing the bridge blocks
locations (a,b)

- using packages on the center shaft
(a,b)

- increasing the cake formation angle
(b)

In the near future, measurements of the
local segment air consumption will be
realized. Further ideas to improve the
filter performance as well as the in-
fluence of other design parameters, such
as the segment volume and shape, will

be investigated on a newly developed
disc filter pilot plant. The filter can
be operated with both vacuum and pres-
sure of up to 4 bar.

The modular structure of the simulation
program allows the individual models to
be subsequently modified, and as more
data is accumulated, more precise empi-
ricalrelationships can be defined. This
additionally cnables predictions to be
formulated without the necessity of ex-
perimental work. The simulation program
described above is not limited in its
application to disc filters. A large
part of the program is equally appli-
cable to drum or belt filters. The
design and operating parameters will of
course differ from filter to filter.

ACKNOWLEDGEMENT

The authors wish to thank the Bundes-
ministerium flir Forschung und Technologie
(BMFT), the Deutscher Akademischer Aus-
tauschdienst (DAAD), and the Karlsruher
Hochschulvereinigung for financial sup-
port of this project.



REFERENCES

{1] stahl, W., Bott R., Anlauf H.
A new approach of dewatering fine
mass products, 112th AIME-Annual
Meeting, Atlanta, 1983
2] stahl, W,
Cost/performance comparison between
disc and drum filters, Filtration
and Separation, January 1978
13] Tiller F.M., Risbud.H.
Analytical formulas for disc fil-
ters, AIChE Journal, 20, 1974,
36-42
{4] Rushton A.
Design throughputs in rotary disc
vacuum filtration with incompres-
sible cakes, Powder Technology,
21,1978, 161-169
|5] Stahl w.
Design and comparison of technical
aspects to conventional multi disc
filters, Solid-Liquid-Separation
Symposium at Johannesburg, 1978
|61 Tiller F.M., Crump J.R.
How to increase filtration rates
in continuous filters, Chemical
Engineering, June 6, 1977
{7{ Purchas, D.B.
Solid/liquid separation equipment
scale~up, Uplands Press Ltd., 1977,
445-451
Nomenclature
AS apparent submergence )
B width of blank strip m
h cake thickness mm
m& moisture content wt.-9%
mc,, average moisture content wt.-%
me o overall moisture content wt.-%
N number of locations -
n filter speed rpm
Pe vacuum during formation bar
Pd vacuum during dewatering bar
R1 inner radius of segment m
Ry outer radius of segment m
RO resistance of filter medium 1/m2
R cake resistance 1/m
sb segment per disc -
t, dewatering time S3
v© air consumption m~/m
oy cake formation angle deg
a, cake dewatering angle deg
u viscosity Pas 3
p density of slurry kg/m





