Analytical centrifugation for characterization of sludge filterability: centrifugal
consolidation kinetics supported by x-ray analysis of sediment structure
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Background: The knowledge of pressure dependency of filterability (particle volume fraction ¢
and specific cake resistance «a) is essential for optimization of sludge dewatering operations
(settling, centrifugation, dead-end filtration-consolidation). The analytical centrifugation is a
promising alternative to the classical laboratory methods of the filterability measurement
(constant pressure dead-end filtration, compression permeability experiments) due to the
possibility of automated many samples characterization.

A number of methods are available for the analysis of centrifugal consolidation data (i.e.,
dependency of centrifugal consolidation kinetics and sediment height on centrifugal acceleration)
and characterization of sludge filterability, which are based on the idealized representation of a
sample (usually, concentrated and aggregated suspension) behaviour in the centrifugal field [1-4].
However, recent works suggest that centrifugal consolidation can be influenced by side different
effects (as wall friction [5] and particles segregation [6]) that must be taken into account (or
eliminated by appropriate choice of the experimental protocol) for the correct characterization of
filterability.

Objective: Our current work is devoted to the development of a new method and protocols for
the determination of pressure dependency of filterability of concentrated aggregated suspensions
(pressure dependency of particle volume fraction ¢ and specific cake resistance a) from the
centrifugal consolidation data (two-stage and multistage centrifugal consolidation kinetics).

Methods: The method is based on the comparison of experimental characteristic consolidation
time with the values tabulated for samples with different filterability. The tabulated values of
characteristic consolidation time are obtained by the numerical solution of basic consolidation
equation [7] for moderately compressible samples. The method was tested on the aqueous kaolin
suspensions.

Different experimental protocols were studied (Lumisizer):

a) single stage centrifugation different constant centrifugal accelerations;

b) two-stage centrifugation (centrifugal pre-consolidation at low centrifugal acceleration followed
by centrifugation at different higher accelerations);

c) multistage centrifugal consolidation (pre-consolidation followed by centrifugal acceleration
ramping);

Results: The x-ray transmission analysis (Lumireader x-ray) revealed that the single stage
centrifugation can result in formation of nonhomogeneous sediment (probably, due to the



particles segregation at high centrifugal acceleration), while two-stage and multistage
experiments yields sediments with homogeneous solid pressure distribution.

Conclusions: Sample pre-consolidation at low centrifugal acceleration is necessary for the
correct analysis of the filterability be the method of centrifugal consolidation. The kinetics of
two- and multistage centrifugal consolidation can be analyzed with the help of the developed
method in order to determine the pressure dependency of the specific cake resistance in the wide
solid pressure range.
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