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Effect of the Hydrodynamic Radius of Colloid Microspheres on the
Estimation of the Coagulation Rate Constant
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Abstract:  Experimental values of the coagulation rate constant for colloidal particles are known to be much lower
than the theoretical values. Only the particle’s geometric radii are used in the theoretical derivation of coagulation rate
constant. However, it should actually be the hydrodynamic radius (larger than the geometric radius) that determines the
particles’ diffusion speed and thus the coagulation rate. Therefore, it is one of the reasons that cause the experimental
coagulation rate constant lower than the theoretical one. Many factors affect the hydrodynamic radius and among them
the electric double layer can significantly swell the hydrodynamic radius, which lowers the coagulation rate. The
thickness of the electric double layer changes with the ionic strength of the solution. To correct the error caused by ne-
glecting the difference between the geometric and hydrodynamic radius, a correction factor, which is the ratio of
geometric radius to hydrodynamic radius, is introduced in this study. The geometric radius and the hydrodynamic
radius were determined by scanning electron microscopy (SEM) and dynamic light scattering (DLS), respectively. Two
different sized polystyrene microspheres were used to investigate the effect of ionic strength on the difference between
the experimental coagulation rates and the theoretical ones. The results show that for slow aggregation, the rate
constant calculated by using the hydrodynamic radius can be lower than its theoretical value by about 8% for
microspheres with radius of 30 nm. This difference decreases with the increase of ionic strength. The effect of the
hydrodynamic radius on the coagulation rate is negligible for fast aggregation.
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’ (a) PS60, (b) PS200; PS60 is PS microsphere with diameter of 60 nm by
Brookhaven 90plus / Duke Company; PS200 is PS microsphere with diameter of 200 nm by
this work.
, 25 C, PS 1. 1
90°. , PS
N . , 100 ,
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100 2 PS (
24 PS ) NaCl
PS R NaCl 1x107" mol-L' |,
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1
3 Table 1 Statistical results of the PS spheres
3.1 geometric radius
1 Sample Average radius (nm) 6/nm & Dy/D,
SEM 1 PS PS60 31.05 6.0 0.097 1.0113
’ PS200 96.70 3.6 0.019 1.0004

6: standard deviation; &: dispersion parameter; Dy/D,: mono-dispersion
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Fig.2 Apparent hydrodynamic radius (r; ) changes of PS spheres with an increase of NaCl concentration
The point, at which NaCl concentration is 1x107 mol - L, represents the hydrodynamic radius measured in deionized water;
dash line: geometric radius of polystyrene microspheres
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Fig.3 Effect of NaCl concentration on the
> coagulation rate constant of PS spheres
The points, at which NaCl concentration is 1x107 mol - L™, represent
3.3 the effect of hydrodynamic radius measured in deionized water
on the coagulation rate constant.
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