
  
Abstract—Despite of few research works on municipal sludge, 

still there is a lack of actual data. Thus, this work was focused on the 
conditioning and rheology of fresh activated sludge. The effect of 
cationic polyelectrolyte has been investigated at different 
concentrations and pH values in a comparative fashion. Yield stress 
is presented in all results indicating the minimum stress that 
necessary to reach flow conditions. Connections between particle-
particle is the reason for this yield stress, also, the addition of 
polyelectrolyte causes strong bonds between particles and water 
resulting in the aggregation of particles which required higher shear 
stress in order to flow. The results from the experiments indicate that 
the cationic polyelectrolytes have significant effluence on the sludge 
characteristic and water quality such as turbidity, SVI, zone settling 
rate and shear stress.  

 
Keywords—Rheology, Polyelectrolyte, Settling volume index, 

Turbidity. 

I. INTRODUCTION 
LUDGE of waste water is conditioned with polymers to 
enhance the efficiency of dewatering with presses and 

centrifuges, but the relationship between fluid dynamics and 
the polymer/sludge interaction has been shown to be critical in 
mixing and conditioning performance. In addition to that, the 
cost effective design, sizing or selection of equipment for 
sludge pumping, transportation, handling, mixing, thickening, 
de-watering, heat exchanging and other processing depends on 
reliable measurements of sludge rheology [1]. 

Since sludge comes from different sources and undergoes 
different treatments prior to experiments, the task of 
correlating the sludge conditioning and flocculation to its 
rheological behavior is usually overlooked or improperly 
addressed. Furthermore, the development of new sewage and 
sludge processes has resulted in a growing number of various 
types of sludge whose properties cannot be accurately 
predicted. For controlling and design processes such as piping 
scaling of aeration tanks in waste water plant in which sludge 
flows have a sufficiently large of solid contents [1] - [4]. 

Chemical coagulations such as polyelectrolytes, are very 
important phenomenon for the sludge conditioning in waste 
water treatment. All coagulants are used in order to reduce the 
electrical charge of the particles breaking the stability of the 
colloids and thus affecting the flocculated microbial 
aggregates [5]. 

II. RHEOLOGICAL THEORIES 
Due to the non-uniform of sludge operation conditions, 

wastewater shows different rheological characteristics, 
especially in empirical correlation [6]. Shear yield stress may 
 

Dr. Salam K Al-Dawery is with the University of Nizwa, Sultanate of 
Oman (phone: +968-25446382; e-mail: salam@unizwa.edu.om). 

be defined as the minimum shear stress required initiating 
flow [7]. An elastic solid behavior would be shown by sludge 
sample during tests of shear stress ramp measurements; this 
act forces the viscosity to increase as more stress is applied. At 
the point of reaching yield stress, sludge sample starts to flow 
and hence the viscosity starts falling accordingly [8]. 
Measurement of the shear yield stress provides valuable 
information regarding the handleability of the filter and 
thickener output as a function of the solids concentration of 
flocculated sludge. There are many ways to evaluate the yield 
stress for fluid-like substances and no single “best” technique 
can be defined.  

There are many ways to evaluate the yield stress for fluid-
like substances and no single “best” technique can be defined. 
Different applications require different methods. The most 
popular techniques are based on the extrapolation of shear 
stress versus shear rate. The traditional method of determining 
the shear yield stress of a particulate suspension is through the 
extrapolation of shear stress versus shear rate data to a zero 
shear rate. The most used model by the investigators [1], [3], 
[6] is Bingham plastic model (1) for obtaining the value for 
the yield stress. This model assumes a linear relationship 
between shear stress and shear rate with the stress intercept 
being the Bingham yield value: 

 
                                      (1) 

 
where, τ is the shear stress (N/m2), τo is the yield stress (N/m2), 
γ (sec-1) is the shear rate and k is the consistency index that 
represents the cohesiveness of the fluid, the higher value 
reflect higher viscosities. 

III. CONDITIONING AGENTS 
In order to improve the solid-liquid separation of the sludge, 

conditioning agents shall be used due to the large effect of 
these agents on the dispersed particles. There are two types of 
agents, inorganic and organic chemicals. Both are used to 
change the electrical potential of the suspended particles and 
reduce the repelling force. These agents form polymeric 
charged hydroxide and are adsorbed on the dispersed particles 
and thus modify their surface charge [9]. 

The overall objective of this study is to investigate the role 
of polyelectrolytes such as Polyacrylamide (PAM) as 
flocculating and conditioning agents for sewage sludge at the 
Nizwa waste water treatment plant. 

IV. MATERIALS AND METHODS 
The sludge samples used for experimental tests come from 

the waste water treatment plant at Nizwa city in the Sultanate 
of Oman. The considered sludge samples were taken from the 
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