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ABSTRACT

The evolution of floc morphology during constant-speed and variable-speed flocculation was
examined to understand floc growth mechanisms. Flocculation-test results were reported in
terms of floc average size and fractal dimension, derived from in situ optical sampling and
image analysis. The morphological evolution was also described using a fractal growth
model, which defined flocculation as the combined processes of aggregation and restructur-
ing. During constant-speed flocculation, aggregation rate increased with increasing shear, but
breakage became significant. Also, a decrease was observed after reaching the peak of size,
possibly due to floc settling in low shear and the irreversibility of breakage in high shear.
The development of floc morphology in variable-speed flocculation indicated that the surface
nature of initial flocs was critical to form larger final flocs, because aggregates with irregular
shape had more connection spots than those with smooth surface, thus producing a higher
aggregation rate for further growth. As expected, longer duration of slow stirring at the first
stage produced lower flocculation efficiency because of the change of surface properties by
restructuring. Additionally, steady state was attained faster for floc structure than for size at
the same shear during whatever flocculation, possibly due to the self-similarity of fractal
aggregates.
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1. Introduction

In water treatment, it is critical to ensure maximum
removal of suspended particles, as they can lower
water quality and damage the supply and distribution
systems. Particle removal from a suspension by sedi-
mentation following flocculation is widely applied at
water treatment works (WTWs) [1–3]. During the pro-
cess of flocculation, small particles destabilized by
chemical coagulant/flocculant are encouraged to con-
tact with each other, forming highly porous and irregu-

larly shaped aggregates, known as flocs [4].
Maximizing the size of the final flocs is of great impor-
tance, because smaller particles generally settle more
slowly than larger particles of similar density [5]. The
evolution of floc size during flocculation is accom-
plished by the change of floc structure [6]. Apparently,
floc morphology (here, i.e. size and structure) may
directly affect the removal efficiency of suspended par-
ticles during particle separation.

Most previous studies have demonstrated that the
development of floc morphology is governed by the
combined processes of aggregation, breakage, and
reformation [2,7–9]. Initially, particle aggregation is*Corresponding author.
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