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A B S T R AC T

Rheological characterization is of crucial importance in sludge management both in terms of 
biomass dewatering and stabilization properties and in terms of design parameters for sludge 
handling operations. The mixed liquor suspended solid (MLSS) and coagulant concentration 
have a signifi cant infl uence on biomass properties in biological wastewater treatment systems 
and in particular in membrane bioreactors (MBRs). In this work the rheological behavior of the 
biomass in a MBR operated under different MLSS was studied. The range of MLSS in the bench 
scale MBR was 3800 mg/l to 15200 mg/l. The rheological properties were measured over time 
and the apparent viscosity was correlated with the concentration of suspended solids under 
steady-state conditions. Furthermore, a correlation was obtained between sludge viscosity and 
permeate fl ux. Results showed that viscosity of activated sludge affects the membrane fouling 
tendency in an exponential relation between viscosity and fouling in the investigated range in 
membrane bioreactor. Also coagulants cause reduction of activated sludge viscosity and hence 
membrane fouling.
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1. Introduction

Membrane fouling is a major obstacle for wider appli-
cation of membrane bioreactors (MBRs). Membrane 
fouling results in severe fl ux decline, high-energy con-
sumption, and frequent membrane cleaning or replace-
ment [1]. In submerged MBRs, membrane modules are 
immersed in the aeration basin. Therefore, the membrane 
fouling mechanisms are very complicated due to the 
complex rheological and physiological characteristics of 
mixed liquors and hence investigate the mechanism of 
membrane fouling to control membrane fouling is indis-
pensable. It was reported that the sludge apparent vis-
cosity in a submerged membrane bioreactor increased 
exponentially with an increase in the solid content of 

sludge. Rosenberger et al. [2] observed that mixed liquor 
suspended solids (MLSS) was a major parameter infl u-
encing apparent viscosity in membrane bioreactors; 
however, there is still a lack of information on the role 
of sludge rheology in membrane performance and mem-
brane fouling. Many previous investigators also studied 
the sludge physiological properties, such as extracellular 
polymeric substances (EPS) [3–5], soluble microbial prod-
ucts (SMPs) [6], carbohydrates and proteins [7] in MBRs. 
Despite these intensive mentioned efforts, the accumula-
tion of knowledge to establish a general understanding 
of the relationship between sludge rheological and physi-
ological characteristics and membrane performance in 
full-scale MBRs is insuffi cient.

 In this study, a lab-scale MBR was operated to inves-
tigate the rheological and physiological characteristics 
of sludge and their correlations with membrane fi ltra-
tion performance and membrane fouling.
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