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1. Abstract

Sewage sludge treatment involves multiple operations and phase changes, with convective drying
being the most energy-intensive process. This study explored the impact of the textural and
viscoelastic properties of dehydrated sewage sludge (DSS) on its drying behavior. Samples were
conditioned with different coagulant and flocculant doses, filtered under varying pressures, and
convectively dried at 90°C. Results showed a strong correlation between storage modulus (G') and
total solids content (TSC). Additionally, higher G' values led to increased evaporation rates. These
findings suggest that viscoelastic properties can serve as predictors of drying performance,
contributing to the optimization of wastewater treatment efficiency.
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2. Introduction

The management of sewage sludge (SS) poses significant challenges due to its variable
composition and its globally increasing production (Eurostat 2023). SS passes through different
phases along its treatment, from a liquid to a granular solid (Collivignarelli et al. 2022; Eshtiaghi et
al. 2013; Seyssiecq, Ferrasse, and Roche 2003). Drying is a critical step in sludge treatment (reducing
volume, increasing stability and making the SS ready to use in other processes), is energy-intensive
consuming and, as indicated by existing literature, its performance is directly influenced by the initial
textural and viscoelastic properties of SS, which vary with its origin, treatment conditions, among
other variables (Mitchell and Beasley 2011; Santos, Ferreira, and Quina 2022). This study
investigated the role of textural and viscoelastic SS properties on its drying, using samples prepared
under controlled laboratory conditions.

3. Methodology

Liquid sludge samples were collected from Embourg wastewater treatment plant (Liege,
Belgium) and standardized to a TSC of 20 g/L, samples were stored at 4 °C and monitored to ensure
consistency. A surface response three factor experimental design was employed (coagulant dose,
flocculant dose, and filtration pressure) each with three levels to create different types of dehydrated
sewage sludge (DSS). The resulting DSS samples were analyzed for textural and viscoelastic
properties, and finally convective dried at 90 °C using a 2 m/s air speed. Experimental methods used
are summarized in Figure 1.
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Figure 1. Summarized characterization methods.
4.Results
The behavior of different parameters was evaluated under the studied sludge dehydration
conditions, revealing various correlations. Within the applied pressure ranges, no significant impact
was observed on the final solid content of the dehydrated sludge. The addition of coagulant did not
increase the dry mass of the obtained sludge but resulted in a more structured material. It was also
found that exceeding the optimal coagulant dose (determined by capillary suction time) did not lead
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to a considerable change in the sludge’s dry matter content. The total volatile solids content remained
constant across all tests, demonstrating its independence from the processing conditions.

In terms of relationships among the studied parameters, a direct correlation was identified
between the G' and TSC. Similarly, G' and cohesiveness—evaluated through penetrometry and TPA
tests—exhibited a strong linear correlation. No significant associations were found between specific
evaporation capacity and the analyzed variables, except for G’, adhesiveness, and cohesiveness. A
clear trend emerged, indicating that higher G' values correspond to improved drying rates, as
illustrated in Figure 2. Conversely, adhesiveness showed a negative correlation with drying
performance. These findings align with existing literature, suggesting that sludge viscoelastic
properties could serve as reliable predictors of drying behavior.
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Figure 2. DSS drying performance vs Storage Modulus.

5. Conclusions

This study examined the influence of conditioning and dewatering on the rheological behavior of
dehydrated sludge, aiming to assess the relationships between textural, rheological, and viscoelastic
properties and drying behavior. This integrated approach provides valuable insights for optimizing
DSS processing and contributes to the advancement of sustainable wastewater treatment practices.
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