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1. Introduction

Sedimentation play important role in modeling two-phase flow operations and are used to predict
the performance of continuous settling tanks [1, 2]. Also, sedimentation provides data useful for
describing physical stability behaviours of solid phase particles (including bioactive materials) in
suspension media [3 - 5].

Models derived from charts that describe sedimentation in discrete, hindered and compression
modes abound. Such are one-dimensional and assume particle concentration gradient in the vertical
direction only. Simplified form of a model, for example settling profile graph, consider time and
height as the only independent variables. Knowledge of such patterns would be useful for predictive
sedimentation modeling.

The phenomenon of sedimentation (or settling) is probably the simplest way to separate precipitated
or flocculated suspension into concentrated solid and clear supernatant. Conventional sedimentation
study involves settling of slurries or suspension introduced into clarification or sedimentation tanks.
Contrary to this is precipitate sedimentation involving settling of solid-phase particles generated in
reaction vessels, as exchange of ions take place among reacting components. The phenomenon
accounts for the deposition of solid-phase particles in industrial water systems as well as in chemical
pre-treatment processes such as in sewage treatment plants [6]. Precipitation of insoluble
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compounds and subsequent sedimentation of the insoluble materials remain a cheap and reliable
alternative for removal of dissolved ions, for example the hardness ions, from aqueous solution. The
combined approach of these two distinct but related phenomena was the experimental basis of a
research study titled factors influencing sedimentation characteristics and profiles of alkaline-earth
metal phosphates in aqueous solution, embarked upon by Iboroma [7]. Iboroma [7] noted that
volume (mixing) ratio of metal and phosphate ions, stirring conditions and temperature of reaction
medium influenced sedimentation of alkaline-earth metal phosphate precipitates. A microcontroller-
based precipitate sedimentation measurement device (presed meter) was also designed and used for
the research. Details of this study are still being presented. In this paper, sedimentation profiles of
strontium phosphate (SrP), described from settling data of SrP precipitate that formed from solutions
mixed in various strontium ions to phosphate ions volume combinations, are discussed.

2. Methodology
Batch-wise precipitation and sedimentation tests, similar to that by Obunwo et al. (8) were

conducted, by mixing equi-molar solutions (0.1M) of SrCl, and NasPOs in various volume
combinations (20ml:80ml, 40ml:60ml, 50mI:50ml, 80ml:20ml). Strontium phosphate (SrP)
precipitate (as the solid-phase particles) was formed by the ionic reaction of strontium ions and
phosphate ions illustrated in Equation (1).

3Sr**aq) + 2(P04)* (aq) — Sra(POu)a(s) (1)

To control ambient temperature fluctuations, a microcontroller-based precipitate sedimentation
measurement device (Presed Meter) was used to measure sedimentation. Presed meter is an
improvement of the precipitate sedimentation measurement apparatus employed in earlier studies
[3, 9]. It consisted of cylindrical tube measuring 25.00cm in height and having an inside diameter
of approximately 2.80cm, temperature controlled heating mantle or hot plate, transparent 200cm?®
capacity cylinder (as water-bath), magnetic stirrer, two ultrasonic double-p sensors, stepper motor
and microcontroller. The transparent cylindrical tube was the main apparatus in which precipitate
sedimentation measurement was done. The heating mantle (Pec Medical Magnetic Stirrer Hotplate
- Model Number: 85-2)) provided regulated heat to the sample (in the tube) through the water in the
water-bath. To ensure uniform distribution of heat in the water-bath, the magnetic stirrer was
positioned to stir the water in the bath without disturbing the sample and the process. The two
ultrasonic double-p sensors, transmitter and receiver, suspended by a treaded rod and driven by the
stepper motor, faced each other and the cylindrical tube between them. Signal interruption occurs
when precipitate was formed in the cylindrical tube. As the signal is interrupted, the microcontroller
activates the stepper motor to rotate, thereby driving the sensors in response to the level of the
precipitate. The microcontroller interprets the movement of the sensors as well as the corresponding
time through LCD displays. Figure 1 is a simplified schematic description of the Presed Meter
showing the relationship between major components and their interactions with the sample
(precipitate). At a desired temperature setting of the heating mantle (hot plate), the magnetic stirrer
distributed heat to the cylindrical tube while the sensors and microcontroller captured and recorded
movements made by the precipitate in the tube. The cylindrical tubes (precipitate container and
water-bath) being transparent also enabled observations such as colour, nature and volume content
of precipitate formed to be made visually.
114



Iboroma, Daopuye S. et al. / NIPES Journal of Science and Technology Research
2(3) 2020 pp. 113-118

For each combination, precipitate formed was stirred for 30 seconds and displacement (H) of the
suspension interface with the corresponding time (T) was read from the LCD display of the
microcontroller. Sedimentation test lasted for 18 minutes after stirring. Tests were performed at
fixed temperature setting (30°C) of the device. Sedimentation test results were recorded and graphs
of H against T for 20:80 and 80:20 and 40:60 and 50:50 strontium ions to phosphate ions volume
combinations were plotted.

o
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Figure 1: Simplified Schematic of the Precipitate Sedimentation Measurement Device

3. Results and Discussion

Results of strontium phosphate (SrP) precipitate sedimentation tests in various strontium ions to
phosphate ions volume combinations are given in Figure 2. The displacement per time profiles of
SrP precipitate at 20:80 and 80:20 volume combinations are illustrated in Figure 2A. Similarly,
Figure 2B showed displacement per time profiles of SrP precipitate at 40:60 and 50:50 volume
combinations. Profiles corresponding to 20:80 and 80:20 volume combinations (Figure 2A)
produced fast SrP precipitate sedimentation. Compression apparently started 5 minutes into the
settling process. For profiles corresponding to 40:60 and 50:50 volume combinations (Figure 2B),
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compression started from the 14th minute, indicating a relatively slower sedimentation. The most
probable explanation for the observation is the interactions of the particles with the aqueous medium
(that is, the mother solution). The profiles corresponding to 20:80 and 80:20 volume combinations
producing faster sedimentation rate than those corresponding to 40:60 and 50:50, suggest that
stronger precipitate-medium interactions occurred when neither strontium ions nor phosphate ions
were in excess in the mother solution. Besides, two sedimentation profile patterns can be deduced
from test results. The normal profile of interface height or suspension zone plotted against time,
containing two regions (Figure 2A) and an alternative profile containing three regions (Figure 2B).
The normal and alternative sedimentation profiles are graphical demonstrations of precipitate
residence times in suspension. As may be seen, the normal pattern (Figure 2A) described the linear
(hindered) and compression regions while the alternative pattern (Figure 2B) described an additional
region which can be referred to as initial region. Start-up processes account for the emergence of
the initial region and it may be responsible for the long residence times observed for SrP precipitate
when solutions of strontium and phosphate ions were mixed at the 40:60 and 50:50 volume
combinations. The linear (hindered) and compression zones are commonly encountered and are due
to inter-particle hindrance as particles agglomerate together at the bottom of the reaction vessel. The
results suggest that SrP precipitate formed at 40:50 and 50:50 volume combinations are colloidal in
nature while those of 20:80 and 80:20 volume ratios are rather coarse in nature. The colloidal nature
of the precipitate particles formed at 40:50 and 50:50 volume combinations presumably conferred
buoyancy on the precipitate particles. Colloidal particles have large-surface-to-mass ratio and an
ionic atmosphere known as ‘electrical double layer’ forms around each colloidal particle [10].
Furthermore, results in Figure 2B suggests that the colloidal size precipitate might have grown to
more crystalline (coarse) one in the process of time, in agreement with theory of particle dissolution
and re-precipitation [11], and thus shorter residence time immediately after the start-up period.

In precipitate sedimentation, soon after mixing and stirring are undertaken, an initial period of
stability of the suspension is usually observed before the on-set of sedimentation. During this period,
Brownian forces keep the particles in suspension, especially when the particles are too small.
Sedimentation starts when gravitational force on the particle is greater than the Brownian forces.
The explanation provided is that during this initial or start-up period, precipitate particles under the
influence of Brownian motion, resulting from the agitation (stirring), adjust to a steady state, either
by particle growth (deposition) or by flocculation [12, 13]. Structural transformations such as from
a less rigid (amorphous) structure to a more rigid (crystalline or coarse) form may also occur with a
corresponding increase in sedimentation rate. Also, chemical interactions of precipitate with the
medium, such as those that lead to dissolution of precipitate or formation of entirely new chemical
species, may act to alter the trend. In batch precipitation such as was done in this work,
concentrations of reactant solutions before mixing as well as their volume (mixing) ratios directly
affect the amount and nature of the precipitate particles formed [7]. These properties also affect the
interactions of the particles with the agueous medium and thus physical stability [8].
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Figure 2: Normal (A) and Alternative (B) Profile Descriptions of SrP Precipitate
Sedimentation in Aqueous Medium

4. Conclusion

Sedimentation pattern of strontium phosphate (SrP) in agueous medium has been described with
respect to volume combinations of strontium ions and phosphate ions that formed the precipitate.
Fast sedimentation profile, having only two regions, resulted when either the phosphate ions or the
strontium ions were in excess in reaction mixture. On the other hand, when neither strontium ions
nor phosphate ions were in excess in reaction mixture, slow sedimentation profile, consisting of
three regions, resulted. Nature of precipitate formed as well as the interactions of the particle with
the aqueous medium has been discussed as likely reason for the observations.
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