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Abstract

Colloidal chemistry represents one of the most significant and fundamental
branches of modern chemical science. It encompasses a vast spectrum of natural and
technological processes—from cosmic nebula formation and soil biogeochemical cycles
to vital physiological systems such as blood circulation and oxygen-nutrient transport in
the human body.

A key area within colloid chemistry is the study of electrokinetic phenomena,
among which sedimentation potential and the structure of the electrical double layer
play a pivotal role. These interacting factors govern many of the physicochemical
behaviors observed in dispersed systems.

Sedimentation processes are critically important in both scientific research and
various industrial applications, including dairy product manufacturing, aerosol
production, and other everyday consumables. Moreover, they serve as the foundation
for geological processes related to the formation of sedimentary rocks—processes that
have been ongoing since the origin of the Earth. In such geological transformations,
disintegrated silicate rocks, predominantly composed of silicon dioxide, are most
commonly involved. Consequently, silicon dioxide (5iO2) was selected as the primary
solid dispersed phase for this research.

The experimental component was conducted using a custom-built apparatus
inspired by the classical Hoppler sedimentation column, although significantly modified
in design. Due to the high sedimentation rate of fine-dispersed silicon dioxide particles,
a three-electrode system was engineered to divide the process into three distinct phases.
Data from each electrode were simultaneously transmitted to three computers. Each
electrode was connected to a high-precision digital multimeter, and each experimental
run generated approximately 2,500 to 5,000 individual readings recorded via specialized
software.

The principal advantage of the newly developed instrument lies in its ability to
monitor the sedimentation process in a three-phase manner:

. The first stage involves the rapid sedimentation of large particles.

. The second stage, considered the most informative, captures the behavior
of colloid-sized particles. The most relevant data for determining sedimentation
potential were obtained from the middle electrode, positioned halfway along the column
height.

. The third stage reflects the measurement of potential in the region of
deposited particles, recorded by the bottom electrode.

This unique device offers broad adaptability for various experimental applications
and can significantly enhance the capabilities of researchers in colloid and interface
science.

Particle size distribution of the silicon dioxide sample was assessed using a Zetasizer
Nano ZEN 3690 instrument, which revealed a four-fraction composition with particle
sizes in nanometers as follows:

3+43; 25+77; 90+300; 460 +710;
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To ensure high measurement accuracy, all three digital multimeters were validated
using a potentiometer with a precision class of 0.05. The analysis confirmed that the
measurement accuracy of the instrumentation exceeded 99.9%, which ensured high
experimental reliability. Additionally, correction formulas were derived for each
measurement device to normalize the data with respect to ideal accuracy, thereby
improving the precision of all experimental results.

The aim of this study was to create a highly versatile experimental framework, as
such fundamental research can be applicable across multiple disciplines. Two key
parameters were used to standardize the dispersion medium:

1. Variation in the valence state of cations

2. Degree of polyanionic character of the acid residues

Based on this framework, all substances were used in three molar concentrations:
0.25M, 0.5 M, and 1 M. The mass of silicon dioxide was varied within 7 g, 28 g, and 56
g across all suspensions.

Experimental data revealed that the overall pattern of sedimentation potential
remained statistically consistent in most cases. However, due to the diversity of
dispersion media and phases, several outcomes deviated from both expected trends and
previously reported literature data. These anomalous results—arising from the interplay
between the dispersion medium and the dispersed phase—are discussed in detail in the
analytical section of this study.

In total, 117 experimental trials were conducted, resulting in the generation of over
350 graphical dependencies and more than one million individual data points, ensuring
the study’s depth, precision, and scientific significance.
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