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DEWATERING OF FILTER CAKE BY VACUUM, PRESSURE AND
PRESSURE/VACUUM FILTRATION

Dipl.-Ing. H. Anlauf , Prof. Dr.-Ing. W. Stahl
Institut fiir Mechanische Verfahrenstechnik und Mechanik
der Universitdt Karlsruhe (TH), D-7500 Karlsruhe 1

ABSTRACT

The aim of this study was to describe the

dewatering kinetics of very fine filter
cakes through which air is passed
through.

The pertinent experiments were adapted
as closely as possible to filtration
conditions in practice.

Extensive laboratory filtration tests
were performed with a great variety of
concentrates from ore, mineral and coal
beneficiation.

An analysis of the dewatering results
cives a ccmparison of possible degree of
saturation of filter cake and compres-
sed air requirement.

This helped optimizing filtration. A
purely mechanical dewatering of filter
cake by pressure filtration proved to
be an interesting alternative to the
conventional combination of vacuum fil-
tration and thermal drying.

. INTRODUCTION

Generally, continuous vacuum filters
are applied for dewatering fine-grain
concentrates in beneficiation plants.

The tendency worldwide towards fine-
grain products leads in many cases to
unsatisfactory dewatering of the filter
cake produced. As a result, vacuum fil-
tration has often to be combined with
thermal drying.

Purely mechanical dewatering by conti-
nuous pressure filtration is a promising
alternative. .

For the design of continuous pressure
filters it is necessary that cake for-
mation and cake dewatering be described.

So far, the possikilities to do so have
been insufficient especially with re-
gard tc filter cake dewatering |1!. The

present study will assist filling this
need.

TEST OPERATIONS AND TEST PRODUCTS

The necessary experiments were to be
adapted as closely as possible to
industrial filtration conditions.This

led to the laboratory pressure filter
unit shown in Fig. 1 |2;.The measuring
cell of the unit is discontinuously
supplied with sgspension. The filtering
area is A=20 cm®. Filter cake of a thick-
ness of h, = 5-30 mm may form. The dif-
ferential pressure may be increased to
Ap = 4 bar.Monofil and multifil indu-
strial fabrics were used as filter cloth.
Tne feed was concentrate from the iron
ore, non-ferrous, coal and mineral bene-
ficiation. About 20 limonitic, hematitic
and magnetitic iron oxides, sulfidic
copper, zinc, lead and iron ores, flo-
tation coal as well as fluorite and
barite were used.

All such products were difficult to
filter. The averacge particle size of
the solids was generally well under

50 um. The particle size range was very
broad. The fine grain portion was gene-
rally considerable and extended into
the colloidal range.

Fig. 2 shows a typical zinc sulfide ore
magnified 300 times. The considerable
difference in particle size, the irrecu-
lar shape and the rough surface of the
grains are clearly to be seen.

CAKE FORMATION

First, structure and permeability of the
filter cake had to te determined in de-
pendence on differential pressue Ap and
cake thickness h,. One result was that
all filter cakes had a more or less

goed compressibility. This is shown in
Fig. 3 giving as an example the cake
porosity € of various products tested.

The porosity of the filter cake decrea-
ses with increasing filtraticn pressure.
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In agreement with the theory of com-
pressible filter cake formation, a
porosity gradient depending on the cake
thickness could be observed |3].

With decreasing porosity the permeabili-
ty P, of the filter cake is decreased,
tco. Not only the filter cake but also
the filter medium showed a flow resistan-
ce RM which was pressure depencdent.

. 2. ZnS-Ore particles

Simplified, the cloth resistance may be
described by an equivalent cake thick-
ness hgg. The absolute level of the
differential pressure has no effect on
the cake structure. In pure pressure
and combined pressure/vacuum filtration
corresponding porosity values resulted
whereas the permeability differed som-
times to a larger extent.
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Fig. 4. Capillary pressure curve

The more the pressure level was decreas-
ed, i.e. the higher the vacuum portion
of the total differential pressure was,
the easier dissolved air was desorbed
from the liquid. At an unfavourable
ratio of capillary forces and pressure
graaient. pore blockade was caused by
gas bubbles., -

Porosity, cake permeability and cloth
resistance cannot be calculated from
the data of the respective particle
size range. They have to be determined
by test as material-specific functions.

DECREASE OF THE DEGREE OF SATURATION
IN THE FILTER CAKE

The same applies to the capillary pres-
sure curve p,(S) for dewatering. In its
product chargcterizing function it can
also only be established by measurement.
As the cake forming conditions have a
considerable effect on the development
of the pore structure, the capillary
pressure curves for the products tested
were determined directly from the
filtration tests.



Fig. 4 gives an example of such a measur-
ed capillary pressure curve.

At complete pore saturation a minimum
capillary inlet pressure p E has to be
established first to achielE a first
considerable dewatering of the cake. For
low degrees of saturation the curve
approaches the mechanical limit of de-
watering Sr. Even when further increasing
the pressure filtrate will not flow off
any more.

After determination of the dewatering
limits the dewatering kinetics may be
exanmined. :

In a separate test, dewatering up to

the first air breakthrough t, o through
cake and filter cloth was eximined.

It was concluded from the result that,
at the beginning of dewatering,displace-
ment of the liquid from the filter cake
does not proceed in a piston-like move-
ment but individual large pores are
emptied quickly so that,early,the liquid
is relatively equally distributed
throughout the material. This phencmenon
is known from the literature under the
termin “"fingering" !4].

This early equalization of the liquid
distribution throughout the filter cake
enables that the complete phase of
mechanical dewatering be determined
together.

The capillary pressure curve is of funda-
mental impcrtance for the dewatering of
filter cake. Overcoming of the capillary
forces by the pressure gradients in the
gas rhase is decisive for the liguid
flow off. Frictional forces caused by
the flowing gas can, in this respect,

be neglected. Also, the influence of
thermal dewatering by evaporation was
negligible with the short dewatering
times of about 180 s.

The choice of the pressure level did
not play a significant role on the de-
watering result. Comparable degrees of
saturation were obtained in the sole
pressure and pressure/vacuum filtration.

The basis for the description of de-
watering was the Darcy equation. It has
to be adapted to the conditions of the
two-phase flow which led to a dewater-
ing coefficient known from literatur |5].
Characterizing the capillary pressure
effect in this coefficient by means of
an average pressure appeared to be too
simple. .

Only after the complete capillary pres-
sure cdistribution was included in the
calculation measured results did agree
satisfactorily with the calculatios.

Dewatering of homogeneous filter cakes
may be described by the following
equation:

2.Pc(Ap).Pc'rel’1(s).(Lp—pK(S))
)2

d—s-=
dt

c(Ap).nl.(hK+hKE

(1)

Decrease of saturation degree S with
time t is described in dependence on
chosen parameters such as differential
pressure Ap and cake thickness h, as
well as in dependence on product’charac-
teristics such as specific permeability
P., relative liquid permeability
Pc,rel,l(s)' capillary pressure distri-

bution Py (S), porosity,equivalent cake
thickness hKE and liquid viscosity.

Figures 5 and 6 show the result of the
calculation according to equation 1 for
anumber of products tested. The measur-
ed saturation degree is always plotted
above the calculated one. The chronolo-
gical progress of each test is shown by
a curve.

Generally, the deviations between cal-
culation and measurement are less than
$=0.05. Where larcer deviations occurred
the cake was found to be inhomogeneous.
Finest suspended particles in the suspen~
sion concentrated in the upper slurry zo-
ne and deposited in the cake top layers.
Where the cake is not or only insuffji-
ciently homogeneous the dewatering
behaviour of a product may be determined
by computaticnal interpolation in de-
watering diagrams.

Fig. 7 gives an example.

The dewatering progress has first to be
measured for 16 different combinations
of differential pressure and cake thick-
ness. When plotting for these combina-
tions the residual humidity for a con-
stant dewatering time on the shown three
dimensional diagram, spacial areas re-
sult. With these dewatering diagrams any
operating point can be determined by
computational interpolation.

Although this method does not give
information on the material characteri-
stics it is practically always applicable
with a great accuracy.

GAS THROUGHPUT THROUGH PARTIALLY
DEWATERED FILTER CAKE

After determination of the dewatering
result in form of the achievable degree
of saturaticn the amount of compressed
air required for such dewatering was
then to be determined.
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The Darcy equation can also be used to
describe the air throughput through
partially dewatered filter cake. In this
case air is used as compressible flow

-medium. The pore space constantly chang-

ing during dewatering may be described
by means of the relative gas permeability

Pe,rel,g(S)-
v = Pc'Pc,rel,o(s)'pm'Ap’A (2
g,e ng.Po.(hK+hKE)

This equation for the volumetric gas flow
at the cake inlet Vg,e wWas also known
from literature in a similar form |6, .
The compressibility of air is taken

into account by the dependence of the

gas condition on the ratio of the pressure
Po above the cake to the average pressure
P_.

m

The chronological development of the
volumetric gas stream cannot yet be
calculated from equation 2. It is neces-
sary to have data on the decrease of
saturation degree with time since the

gas throughput is not caused but conse-
guence of dewatering.

As may be seen in Fig. 8 the measuring
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results from this model equaticon are
enerally correct.

A prerequisite for this is again a homo-
geneous pore system. If this is not the

case,interpolation may be applied 1in the
gas consumption diagrams similar to the

dewatering diagrams.

The gas consumption diagram of Fic. 9
shows the considerable increase in cas
consumption at low cake thickness and
high pressure.

COMPARISON OF EXPENDITURE AND
RESULT OF DEWATERING

The energy requirement for compression
of air to flow through the cake pro-
gresses with increasing degres of de-
watering. For the dewatering times tech-
nically applied,the energy consumption
for air compression is as a rule con-
siderably less than for thermal drying.
This is demonstrated in Fig. 10 for the’
dewatering of iron ore.

It shows a comparison of energy consump-
tion for mechanical and thermal dewater-
ing. The basis for this comparison is a
residual humidity of 10% which can be
reached by vacuum filtration. The curve
for the specific mechanical energy w
shows the energy required to further
reduce the humidity by increasing the
pressure.The other curve shcws the ther-
mal energy necessary to further dry the
solids material.

BT
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Even with very tough mechanical condi-
tions (in this case AP = 3.8 bar} the
energy requirement for thermal drying is
7 times larger than for gas compression.

This shows that as a rule the energy
consumption for purely mechanical de-
watering is by far more favcurable than
for mechanical/thermal dewatering.

As shown in Fig. 11 there is no general
tendency to optimize mechanical
dewatering.

The specific gas compression energy w is
plotted against the solids mass m per
unit of time. All results lead to a
degree of saturation of § = 0.60. The
curves shown are based on a computer
simulated dewatering operation. The
material functions necessary to solve
equations 1 and 2 coriginate from tests.

A general basis for the dewatering of
the best operating method of a pressure
filter cannot be given. It is necessary
that in addition to the degree of satu-
ration,which can be achieved,the solids
quantity per time be known.

SUMMARY

On the basis of extensive filtration
tests closely relating to practice,
methods have been established to describe
the dewatering procedure. The chronolo~
giczl procress for the degree of satura-
tion and cas throughput may be analyti-
cally determined in dependence on various
parameters.
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This enables to optimize mechanical
dewatering.

f a required degree of saturation can
be achieved purely mechanically by
pressure filtration-this is far more
favourable in respect of energy con-
sumption than a combination of insuffi-
cient vacuum filtration followed by
thermal drying.
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