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Investigations on sludge dewatering with the separation analyser LUMiFuge 114

Sludge dewatering is an import step in wastewater treatment, which has a serious
impact on the effectiveness and cost of the hole treatment process.

Utilization of flocculants for sludge conditioning allows the application of high
performance dewatering machines, such as high pressure filter presses and decanters.
Practical application studies of the sludge dewatering process and its control by
flocculant addition require adequate laboratory methods. At present numerous methods
are used on laboratory scale, however, they are generally time-consuming and often

lack practical relevance.

The application of a newly developed separation analyser for rapid evaluation of
sludge properties and for the selection of efficient additives for sludge dewatering in

decanter centrifuges is reported.

The separation analyser is based on a special centrifuge with an integrated
optoelectronic sensor system which allows to trace the local and temporal changes of
light transmission during rotation. Up to eight samples can be investigated
simultaneously. A centrifugal acceleration in the range of 12 to 1200 g is used to speed

up the separation process, thereby reducing the time necessary for investigation.
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Fig. 1 Measuring scheme of LUMiFuge 114

In preset time intervals the local transmission is determined over the entire sample
length simultaneously whereby transmission profiles are generated. In the case
depicted a clear supernatant and a sediment has been formed. Correspondingly, the
transmission profile exhibits a section of high and a section of low transmission. The
transmission profiles change during centrifugation according to the progress of
separation.

The separation process can be depicted as time course of the relative position of the
boundary between supernatant and sediment or of the transmission averaged over a

chosen part of sample length. For details see www.lum-gmbh.de

First with some general remarks on wastewater sludges and requirements for sludge
dewatering.

Wastewater sludges are very complex colloidal systems with a varying content of
living and deceased biomass, exopolymers, anorganic particles and water.

The sludge flocs form loose network-like agglomerate structures as it can be seen from

the microscopic image below.



Fig. 2 Microscopic images of a wastewater sludge sample

Transmission microscopy: 1 x 100, sludge anaerobic II (2 % total solids), tenfold dilution

Even in tenfold dilution, which corresponds to only 0.2 % total solids, it is evident that
the particles occupy a large volume due to their high hydration. Comparing the two
picture it can be also seen, that the sludge particles show a great tendency to self-
aggregation.

The mean factors determining dewaterability are content and composition of organic
matter, as well as structure, size distribution and charge characteristics of sludge
particles. Mechanical forces due to action of a gravitational or centrifugal field or due
to the pressure in a filter press lead to a compaction of the sludge network and water is
squeezed out. Higher mechanical forces may lead to a breaking up of loose
agglomerates accompanied by release of additional water entrapped previously. On the
other hand high shear forces may cause redispersion of sludge.

The role of cationic polyelectrolytes in sludge dewatering is not only to reduce the
electrostatic repulsion between the colloidal particles, but very importantly, to enhance
the shear stability of sludge agglomerates. Therefore an appropriate laboratory
procedure should resemble the mechanical stress before and after flocculant addition

for the dewatering process used in practice as near as possible.



We had the opportunity to test our analyser on wastewater sludges, which were
dewatered on-site in decanter centrifuges with selected flocculants already over a
longer period. We got different sludge samples (Tab.1) and a number of flocculants,
but we were not told which flocculant is the appropriate in which case. So we had to

try to find it out our selves.

sludge type total solids organic matter optimum flocculant dose
% ppm

anaerobic I 4 175

anaerobic 11 2 250

aerobic 1.5 360

Tab.1 Characteristics of 3 different sludges investigated

One of the sludges obtained resulted directly after the activated sludge process, the
other two after anaerobic digestion. Despite total solids content is reduced the
optimum flocculant dose increases because of the increase in organic matter content.

This is due to a reduced shear stability of the primary flocs.

molar mass structure eff. charge density
Flochir DK-65S  medium N -
Floclair DK-65H high - I T

Floclair DK-65 medium

Floclair DK-65N low —

Tab.2 Characteristics of selected cationic polyelectrolytes of Miinzing Chemie GmbH

Polyacrylamides in emulsion form with 65 % of ionic groups



The flocculants tested on these 3 sludges (Tab.2) were all of the polyacrylamide type
and differed in molar mass and structure.

In addition we investigated the dewatering behaviour of anaerobic sludges (S1, S7)
from another site in connection with two cationic polyelectrolytes with high molecular

mass and an ionisation degree of 60%. One product was branched the other linear.
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Fig. 3 Characterization of wastewater sludges with the LUMiFuge 114
centrifugal acceleration 1200 x g
Fig. 3 shows the results of the characterization of the 3 sludges. At the left the

clearing-up of the supernatant measured by the time function of average transmission,
at the right the reduction in sludge volume is shown. With increasing organic content
of the samples not only the limiting sludge volume increases, which detects reduced
dewaterability, but also the initial sedimentation rate and the rate of the clearing-up is
increased too. This might be due to the flocculating action of exopolymers, which,
however, exhibits no positive influence on the degree of dewatering. In addition,
information about the content of fine particles which are difficult to settle is also
available. For sludge anaerobic two there was the highest residual turbidity, that means

this sludge has the highest content of particles difficult to settle.
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Fig. 4 Characterization of shear sensitivity of anaerobic sludges

clearing-up as function of shear time, centrifugal acceleration 1200 x g

The picture shows an example for the characterization of shear sensitivity, which is an
important factor, for instance in filterability of sludges. The two anaerobic sludges
were sheared with an Ultra Turrax homogeniser for different times before measuring
the clearing-up of the supernatant. It is obvious that the sludge with higher organic

matter content shows a higher shear sensitivity.
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Fig. 5 Packing, compression and dilatation behaviour of sludges

sludge anaerobic I, packing and compression at 1200 x g, subsequent dilatation at 12 x g



The figure depicts the typical behaviour of sludge samples during a compression —
dilatation cycle. The change in sludge volume is depicted as time course of the radial
position of the phase boundary. First the samples where compacted at high centrifugal
acceleration afterwards the acceleration was reduced. Due to flocculant addition a
faster and higher compaction is obtained. From the picture it is evident that common
centrifugation tests predict to low values for sludge dewaterability because the
sediment volume increases again after switching-off the centrifuge. Due to prolonged

time of shearing the elasticity of the sludge cake is reduced.

The laboratory procedure first adopted for flocculant evaluation consisted of mixing
the flocculant solution and sludge in the measuring cells directly and subsequent
centrifugation at 1200 x g. A second run followed after redispersion on a vortex mixer
which was intended to test the floc strength. The results obtained in relation to
sedimentation rate, sediment volume, rate of clearing-up and residual turbidity all
indicated that flocculant DK-65N is the most efficient additive for all of the three
sludges. Unfortunately, this product fails on-site because it does not produce strong

enough flocs.

To see what is wrong with the procedure we had to check the dewatering process in
decanters in more detail.

In practise the conditioned sludge is delivered into the running decanter. After passing
the inlet the sludge flocs get under a very high mechanical stress. The separated sludge
is transported by the conveyer under continued centrifugal acceleration, whereby the
sludge is dewatered to the residual solids content.

The laboratory procedure was therefore modified in that the sludge samples were first
mixed with the flocculant solution by stirring for one minute at 750 rpm and then

stressed by shearing with an Ultra Turrax homogeniser at 8000 rpm. The dewatering



behaviour of the samples stirred moderately and of the samples additionally sheared

were compared for different flocculants and flocculant concentrations.
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Fig. 6 Comparison of the performance of different flocculants

dewatering of sludge anaerobic I

In case of sludge anaerobic I for all flocculants the additional shearing reduces
dewaterability. For higher flocculant concentrations the two curves are approaching
each other. The linear products DK-65 and DK-65N exhibit a significant better
performance than the branched flocculants. This is in line with the practical experience
that for sludges with lower organic content branched products tend to be ineffective.
The medium molecular weight DK-65 produced the best results, in this case the lowest
values for the sludge volume could be obtained.

Figure 7 compares the results for the sludge anaerobic II. The branched polymer of
medium molar mass produces stable flocs but the conditioned sludge samples exhibit
bad dewaterability. Samples conditioned with the linear polyelectrolyte with low
molar mass showed good dewaterability without additional shearing, however floc
erosion after treatment at a high shear rate causes a substantial decline in
dewaterability. The branched flocculant with high molar mass behaved similarly at

lower concentrations but produced good results for concentrations near the optimum



dose. The linear flocculant with medium molar mass exhibits good dewatering
properties and high floc strength. For this sludge DK-65 H is used on-site, however,

DK-65 was not tested there.
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Fig. 7 Comparison of the performance of different flocculants

dewatering of sludge anaerobic II

The laboratory procedure could not only be used for comparison of different
flocculants for a special sludge to be dewatered, but also for the investigation of the
influence of other parameter like sludge aging or mechanical stresses during pumping.

The final figure demonstrates the effect of mechanical conditioning on two anaerobic
sludges. They were continuously pumped with a peristaltic pump in the laboratory and
at different times the sludge dewatering behaviour was investigated for different
flocculant concentrations. S7 is a sludge with a lower organic matter content then S1.
The total solids content of the sludge cake is depicted. Superfloc E4208 is a linear
product used on-site for dewatering of S7, SD2065 is branched. As it was observed on-
site, for sludge S7 dewaterability increases with prolonged mechanical conditioning. A
quite different behaviour was found for S1. For the linear product dewaterability

decreased more and more with pumping, however, for the branched product
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dewaterability improved after going through a minimum. So, after 15 days of pumping

this product got more efficient than the linear one.
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Fig. 8 Influence of mechanical conditioning on sludge dewaterability

There are at least two major counteracting effects, which influence the dewaterability.
First, loose agglomerates are broken up, which would have not a sufficiently high
mechanical stability, during flocculation more homogeneous flocs will then be formed.

Second, mechanical stresses will shift the particle size distribution to lower values.

In conclusion, it could be demonstrated
e that the separation analyser Lumifuge 114 is an efficient tool for the
characterization of sludge samples and flocculant optimisation
e that the development of appropriate methods for sample pre-treatment is
essential for getting relevant results for sludge dewatering under practical

conditions.
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