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A B S T R AC T

The characteristics of Al-humic fl ocs were studied through a series of experiments using 
microscopic and online optical monitoring techniques. It was verifi ed that Al-humic fl ocs are 
of fractal nature and the two-dimensional fractal dimension D2 derived from image analysis 
characterizes their morphological properties. At pH 5.0, the structure of Al-humic fl ocs formed 
was more compact with higher fractal dimension of 1.43 than that formed at pH 7.0 with lower 
fractal dimension of 1.17. The difference in fl oc structure was considered to be related to the 
different characteristics of hydrolysis and precipitation of aluminum sulfate under these two 
typical pH values: at pH 5.0 with a low alum dose, the products of aluminum hydrolysis are 
mainly soluble, while at pH 7.0 at the same alum dose, precipitates form quickly. Alum dose also 
affected the structure of Al-humic fl ocs. At pH 5.0 and at a dose to bring about charge-neutral-
ization to |ζ| < 10 mV, fl ocs formed are more compact with a fractal dimension ranging from 
1.43 to 1.49, while at a higher dose when hydrolyzed aluminum precipitates form, fl ocs are more 
open and looser with a much lower fractal dimension. During growth, the fractal dimension 
of the fl ocs decreased gradually until an equilibrium state was reached. This implies a faster 
increase of fl oc volume than the number of primary particles the fl oc contains.
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1. Introduction

Coagulation is the most important unit process in 
water and/or wastewater treatment that brings about 
aggregation of colloidal particles to form settleable and 
fi lterable fl ocs. The size and the structure of the fl ocs 
signifi cantly affect the effi ciency of a number of unit 
processes after coagulation, such as sedimentation, 
fl oatation, fi ltration and sludge dewatering. Fundamen-
tal studies on the characteristics of fl ocs can be traced 
back to the model of ballistic aggregation proposed [1]. 

Later on, Lagvankar and Gemmell found an exponential 
relationship between the density of aluminum hydrox-
ide fl ocs and their size following Vold’s basic theory with 
comparison with experimental fi ndings [2]. Sutherland 
pointed out that the ballistic aggregation model would 
not apply to the aggregation of the particles having cer-
tain size distribution and suggested a cluster aggrega-
tion model [3], which resulted in fl ocs with much more 
open structure than that from the ballistic aggregation 
model. In the 1970s, sophisticated theoretical and exper-
imental studies were further conducted on the physical 
properties of fl ocs. Goodarz-Nia carried out computer 
simulation of the fl occulation process by introducing a 
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