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An experimental study on the filtration test of cotton ball filters
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ABSTRACT

In order to measure the filtration characteristics of a cotton ball shape filter, the experiments of suspended solids(SS)
surrogate material selection and filtration performance have been carried out in this study. Between the two materials
of powdered activated carbon(PAC) and powdered red-clay, PAC is more suitable surrogate material in terms of experimental
criteria and particle size distribution in the non-point source pollutants removal system. As a result of the filtration
experiments with the cotton ball shape filter, the initial headloss was about 8 cm, and the headloss slightly increased
over filtration time. The Kozeny-Carman equation was used to analyze the changes of pressure and porosity during
the filtration. The initial porosity was calculated as 0.945 and it decreased to 0.936 at the end of design filtration
time. As the filtration continued, the SS concentration of the filtered water gradually increased and the SS removal
rate gradually decreased. When the SS target removal efficiency is assumed to be 80%, the cumulative SS removal
capacity is expected as 28.8 kg/m?. This means the volume loading rate of the cotton ball shape filter can be 115
m3/m? when the typical SS concentration of non-point source water pollution is assumed as 250 mg/L.
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Table 1. Properties of cotton ball filter

Diamet Densit
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Fig. 1. Experimental devices for the filtration test.
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DY = number weighted mean particle diameter
D" = length weighted mean particle diameter
D* = area weighted mean particle diameter

D" = volume weighted mean particle diameter
n = number of channels (» = 102 in this experiments)

N; = number of particles in channel i with diameter D,

D, = diameter of channel i (use geometrical average)
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Table 2. Various particle size indexes
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Fig. 2. Particle size distribution of the two surrogate materials.
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Table 3. Calculated diameter of the volume equivalent spherical particle

Empty tower velocity (m/hr) 10 20 30 40 50 60
Pressure drop (cm) 6.3 6.5 7 8 9 14.3
Particle diameter (um) 37.6 52.4 61.9 66.8 70.4 61.2
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Table 4. Porosity changes calculated from Kozeny-Carman
equation and headloss experiments

Filtration time (hr) 0 2 4 6
A lated SS loadi
ceumuiate Qa8 9 10.01 | 30.04 | 70.10
(kg/m’)
Headloss (cm) 8.0 9.0 11.0 | 13.0
Porosity 0.945 | 0.942 | 0.936 | 0.931
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