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Abstract

The paper presents a colloidal-chemical research of the precipitate formed natural water
on a membrane with during microfiltration. Particle sizes in natural water formed on the
membrane, the magnitude and sign of the electrokinetic potential were determined by the
dynamic light scattering method, and the sedimentation velocity was determined by
sedimentation analysis. The coagulating and adsorbing ability of particles suspended in
water was identified, which affects the structure of the resulting sediment.
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Sediment formed on the membrane during filtration natural water is considered as
membrane surface fouling, which is formed during the intensive operation of the
membrane apparatus.

To determine the optimal hydrodynamic parameters, regeneration process, and maximum
service life of microfiltration membrane devices, it is necessary to study the mechanism of
membrane fouling.

The aim of the study was to conduct a colloidal-chemical study of sediment formed
natural water on a microfiltration membrane [1-3].

For particle size, electrophoretic and sedimentation analysis, suspension analysis samples
were prepared from the sediment removed from the membranes using the international
standard method I1SO 5667-10 [4].

The particle size, charge magnitude, and sign of the suspension samples were determined
by Dynamic Light Scattering (DLS) on a Zetasizer Nano 3690 nanoparticle analyzer (With
a scattering angle of -173° and a wavelength of 633 nm).

Georgian Scientists/Js®oggao 9936090900 ¢. 7 N 4, 2025 | 435



The determination of the particle size of the dispersed phase and their percentage
distribution in the range of 0.3 nm to 10000 nm was carried out using the M3-PALS method
using the patented Zetasizer Software 6.1 program, and measurement of the &-potential
and its percentage distribution in the range from -200 mV to +200 mV - according to the
Zetasizer Software 6.2 program [5-6]. To maintain the stability of the system, the suspension
samples were processed in a water bath of an ultrasonic device (Unitra-Unima, UM-4,
Olsztyn, Poland). Particle sedimentation analysis was performed using a VT-500 torsion
balance [7-8]. The processes of coagulation and adsorption of suspended particles in water,
which have a significant impact on sediment formation, have been studied [9-11]. The

results obtained from theoretical and experimental research are given in Figures 1., 2. and
3.

Size (d.nm): % Intensity: St Dev (d.nm):
Z-Average (d.nm): 447 4 Peak 1: 863.4 66.4 121.4
Pdl: 0855 Peak 2: 4806 261 0.3407
Intercept: 0622 Peak 3: 176.4 7.5 12,95
Result quality : Refer to quality report
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Figure 1. Particle size distribution curves by intensity

From the granulometric analysis (Figure 1) it can be seen that the average hydrodynamic
size of particles present in natural water (447.4 nm) exceeds the pore size of the
microfiltration membrane used, i.e., a layer of sediment forms on the membrane surface.

Mean (mV) Area (%) St Dev (mV}
Zeta Potential (mV): -14.2 Peak1: -142 100.0 488
Zeta Deviation (mV): 4.68 Peak 2: 0.00 0.0 0.00
‘Conductivity (mSicm): 0.464 Peak 3: 0.00 0.0 0.00

Result quality :
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Figure 2. Particle &-potential distribution curve

Electrophoretic analysis (Figure 2) showed that at pH=6-8, the magnitude and sign of the
electrokinetic potential of natural water particles is £&=-14.2 mV. This means that the
particles have the same charge as the membrane surface. The presence of surface charge in

the dispersed phase particles is one of the factors causing membrane fouling and sediment
formation.
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The results of sedimentation analysis indicate a decrease in the sedimentation rate of
particles with increasing concentration. According to the results, the concentration
increased so much that liquid became difficult between to penetrate the particles and
eventually the precipitate hardened. The results calculated using the Stokes equation
showed that the sedimentation rate of particles is very small and does not exceed 2:10-4
mm/s, and it takes at least 24 hours for its formation.
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Figure 3. Two particles energies of attraction (Um) and repulsive (Ue) dependency curves in the distance

between the particles

Observations of particle sedimentation showed that sedimentation occurred earlier than
24 hours, indicating the coagulation ability of suspended particles present in natural water.
In the study, the stability and coagulation of the system are considered as the result of the
combined action of intermolecular attraction (Um) and electrostatic repulsion (Ue) forces
between particles, according to which it can be argued that, based on which, one can discuss
in which cases particle aggregation occurs and what coagulation is like. In the study, the
stability and coagulation of the system are considered as the result of the combined action
of the intermolecular attraction (Um) and electrostatic repulsion (Ue) forces between the
particles, according to which it is possible to discuss in which cases particle aggregation
occurs and what coagulation is like. The analysis of the comparison of the attraction-
repulsion energy curves revealed that at an average distance (maximum of the potential
barrier), where the repulsion energy (Ue) between the particles prevails and the potential
barrier is high - particle aggregation does not occur. At short and long distances (two
minima of the potential barrier), where the energy of attraction (Um) between particles
prevails and the potential barrier is low - the particles stick together, harden and precipitate
(coagulate). At long and short distances, where the particles approach each other, reversible
coagulation is observed (at one minimum of the potential barrier), and at the other -
irreversible coagulation (at the second minimum of the potential barrier), which leads to
the formation of a dense precipitate.
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Adsorption studies have revealed the ability to adsorb silica, aluminosilicates, polysilicon,
and humic substances present in natural water. Even in low concentrations, molecules of

these substances are adsorbed onto the surface of impurity particles and affect the structure
of the sediment that forms on the membranes.

Thus, the research conducted revealed that microfiltration membranes retain impurities
in water whose particle sizes exceed their pore size. As a result of water filtration, the

concentration of impurity particles on the membranes and their aggregation produces a
sediment with a sediment formed is quite loose, easily breaks down, and detaches from the

membrane surface. Therefore, structured sediment formed can be an additional filter for
water purification of membrane.
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