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Fine—grained sediment is a complex assemblage of various minerals and exists ex
tensively in the river, lake and reservoir. Due to the strong electrochemical a
ttraction, these fine—grained particles show a strong adsorption capacity for t
he nutrient element and pollutant, thus changing the transport and transformati
on of the corresponding adsorbate. Meanwhile, flocculation of these cohesive se
diment occurs, and the resultant flocs significantly affect the particles’ exi
stence, settling velocity and sediment transport. The effect of surface heterog
eneities are usually ignored in traditional sediment research, while in this pa
per, the role of surface morphology and charge distribution in particles’ adso
rption and flocculation is investigated with the micro and macro experiments an
d theoretical analysis. The surface micro—morphology and charge distribution ar
e observed with the high-resolution microscopy, including the scanning electron
microscope and the atomic force microscope. Then the Taylor expansion method i
s applied to quantitatively characterize the heterogeneity of surface morpholog
y, and the statistic relation between the micro—morphology and surface charge d
istribution is also obtained. Results show that heterogeneous micro—morphology

and charge distribution exist on particles’ surface. The second order term of

Taylor expansion F2 can characterize the local concave or convex micro—morpholo
gy, and affect considerably the surface charge density and distribution. A weig

hted average morphology factor F2a is derived to characterize the overall surfa




ce heterogeneity, based on the distribution of F2. The contribution of particle
s’ heterogeneities to P adsorption is investigated with adsorption experiments
and microscopic examinations. Results reveal that the adsorption probability v
aried with the micro—morphology F2 and mineral species, and the adsorbed P at d
ifferent F2 here fit to a Weibull distribution. The Sips model can successfully
fit the experimental data of different minerals and the heterogeneity paramete
rs and adsorption capacity are proved to be functions with the mineral properti
es, including the particle size, surface site density and surface heterogeneiti
es as well. With the component additivity, the adsorption on natural sediment c
an be predicted by the adsorption properties of pure mineral. The paper also pr
ovides an expression for the distribution coefficient on the basis of dimension
analysis, which characterize properly the role of intrinsic particle propertie
s and environmental condition, and can be applied to the water quality model co
nveniently. The surface morphology and charge distribution can also affect the
cohesive properties. Total interaction are calculated based on the DLVO theory,
and the theoretical expression of cohesive force and attachment efficiency are
derived. It shows that the surface heterogeneities can increase the repulsive
electrostatic force considerably, thus decreasing the cohesive force and partic
les’ attachment. Based on which, two types of flocculation models are develope
d. The population balance model can be derived by separating the continuous flo
¢ size distribution into discrete size classes, in which the empirical attachme
nt efficiency are replaced with the developed theoretical expression. The modif
ied model can simulate the variation of average floc size and floc size distrib
ution. Furthermore, a new Lagrangian type flocculation model is theoretically d
eveloped with similarity transform and moment methodology. The model introduces
the role of surface heterogeneities and environmental condition in the variati
on of average floc size, and has a better performance than the traditional semi
—empirical flocculation model. The cohesive properties would also affect the in
cipient motion condition of fine grain bed. In this paper, the expression of cr
itical shear stress is developed integrating the influence of surface heterogen
eities in cohesive force calculation, and also the bulk density, clay percentag
e. When the cohesive force is significant, the particles would tightly attach w
ith each other and the bed would erode as flocs or aggregates of sedimentary pa
rticles. The size of flocs or aggregates are theoretically calculated based on

the intrinsic particles’ properties and the bed condition.
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