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Abstract © A novel methodology on the calculations of osmotic pressure and gradient diffusion .coefficient
has been provided in the present study, by applying a succinct numerical analysis on the experimental results.
Although both the osmotic pressure and the gradient diffusion coefficient represent a fundamental characteristic
in related membrane filtrations such as microfiltration and ultrafiltration, neither theoretical analysis nor
experiments can readily determine them. The osmotic pressure of colloidal suspension has been successfully
determined from a relationship between the data of the time-dependent permeate flux, their numerical
accumulations, and their numerical derivatives. It is obvious that the osmotic pressure is gradually increased, as
the particle concentration increases. The thermodynamic coefficient was calculated from the numerical
differentiation of the correlation equation of osmotic pressure, and the hydrodynamic coefficient was evaluated
from the previously developed relation for an ordered system. Finally, the estimated gradient diffusion
coefficient, which entirely depends on the particle concentration, was compared to the previous results obtained

from the statistical mechanical simulations.
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Fig. 1. Schematic illustration of filtration of colloidal
suspension.
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Fig. 2. The volumetric permeate flux versus filtration
time at different transmembrane pressure drops
AP, which is obtained from experiments with
conditions of pH 6.0, KCl 1.0 mM, and 200 ppm
of polystyrene latex.
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Fig. 4. Numerical derivative of the volumetric permeate
flux versus filtration time at different transmem-
brane pressure drops AP, which is computed

from Fig. 2.
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ARE7|=
A : membrane surface area [m’]
a : hydrodynamic particle radius [m]
C : particle concentration {-]
Cy - bulk solution concentration [kg/m’]
D . gradient diffusion coefficient [m’/s]
D, - dilute limit diffusion coefficient [m’s|
J : permeate flux [m/s]
K . hydrodynamic coefficient [-]
Kp : Happel's permeability coefficient [m’]
kT : Boltzmann thermal energy [J]
P . pressure [N/m’]
Rep : concentration polarization resistance [1/m]
Rim : membrane resistance |[1/m]
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: thermodynamic coefficient [-]
: filtration time [s]
: volume filtered [m3]

Greek letters

& : void fraction of cake [-]

7a : apparent viscosity of solvent [kg/m - s}

7o : viscosity of solvent [kg/m - s]

A : volumetric permeate flux [m’/s]

Op : particle density [kg/m3]

11y : osmotic pressure at bulk solution [N/m’]

e : osmotic pressure at cake layer [N/mz]

i1, : osmotic pressure at permeate [N/mz]

ANy : osmotic pressure difference between bulk
and permeate [N/mz]

Al : osmotic pressure difference between membrane

surface and permeate [N/mz]
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