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ABSTRACT

This study investigated the effect of a magnetic field on the crystal deposition of treated seawater to
determine the mechanism of calcium carbonate deposition on the quartz surface. Several samples of
standard seawater (43 g/L.) were circulated through a permanent magnetic field of 0.16 T at a fixed
temperature, pH, and flow rate. Scaling experiments showed that magnetic treatment of seawater
enhanced the precipitation of calcium carbonate and that two superposed phases were deposited. A first
layer formed with crystals of aragonite covering the whole surface of the quartz, and then a second phase
of calcite was deposited. In the untreated solutions, only homogeneous agglomerates of aragonite were

deposited.
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I.  INTRODUCTION

Magnetic treatment of water is an attractively simple
approach in which the water to be treated flows through a
magnetic field and consequently changes some of its
physicochemical properties. The most claimed benefits are in
the suppression or reduction of scale formation [1-9]. Until
now, the efficiency of this treatment has been a controversial
question without a clear explanation of the phenomenon.
Previous studies have shown that the field strength,
composition, and flow velocity of water have significant effects
on scaling rate [1, 10-13]. The investigations on the influence
of the magnetic field on scaling focused mainly on the process
of nucleation and/or crystallization of CaCO;, the crystal
structure of CaCOj; [14-17], the stability of colloidal aqueous
dispersions [18], the change of the zeta potential of the
colloidal particles [15, 16] and the physicochemical properties
of water or its solutions [10-11]. Magnetic treatment of
calcocarbonic water increases its precipitation potential. This
effect is more pronounced for homogeneous nucleation than for
heterogeneous nucleation [1]. However, the magnetic treatment
of water is strongly dependent on the physicochemical
properties of the pipe material [5] and on the composition of
the treated water [4]. However, only a few experimental and
theoretical investigations can be found on saline water
treatment [19-23] and the effect of magnetic treatment on
seawater [24-26].

In [24], it was shown that passing seawater solutions
through a permanent magnetic device increased their
conductivity and pH, enhancing the separation of salt from
water by reverse osmosis. In [25], a new method was proposed

to intensify the production of drinking water from seawater in a
membrane distillation system. For this purpose, the feed water
passed through a strong magnetic field and then entered the
membrane unit. As the strength of the magnetic field increased,
the size and rate of the scale particles formed in the complete
solution increased, but the analysis showed that the
accumulation on the membrane surface decreased because of
the magnetic treatment. In [26], it was deduced that magnetic
brine treatment causes various changes in the treated water,
such as a weakening of hydrogen bonds between water and
dissolved ions, which simplifies the separation process. This
study aimed to systematically investigate the mechanisms of
crystal deposition from synthetic seawater treated through a
magnetic device, using Quartz Crystal Microbalance (QCM) to
trace the adhesion of formed crystals (calcium carbonate) on
the solid surface. The mechanisms of adhesion (scale
formation) on the solid surface during the precipitation and
transformation of calcium carbonate were determined.

II. EXPERIMENTS

Considering the complexity of the real seawater, this study
used standard seawater, as described in ASTM D1141 and
given in Table I.

TABLE L. COMPOSITION OF THE SYNTHETIC SEAWATER
NaCl | Na;SO; | MgClL:6H;O | CaCly2H,0 | KCl | NaHCO;
(g/L) (g/L) (g/L) (g/L) (g/L) (g/L)
24.544 | 4.0907 11.1007 1.5437 0.6948 | 0.2345

Synthetic seawater was prepared in the laboratory as
follows:
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e Solution 1: 24.5448 g NaCl and 4.0907 g Na,SO, dissolved
in 0.8 L of pure water.

e Solution 2: 11.1007 g MgCl,-6H,0 and 1.5437 ¢
CaCl,-2H,0 dissolved in 0.05 L of pure water,

e Solution 3: 0.6948 g KCl and 0.2345 g NaHCOs; in 0.05 L
of ultra-pure water.

Stirring was performed during the dissolution of the
different salts. The mixing process started by mixing solutions
1 and 2 before adding solution 3 and making up to 1 L. The pH
was subsequently adjusted to 8.2 with a few drops of NaOH
(2N). The prepared seawater had an ionic strength of
0.7 mol.L™". Standard seawater adjusted at pH = 8.2 was kept at
ambient temperature in a separate tank and circulated by a
pump through a 0.16 T magnetic device in a Tygon pipe for 30
minutes. The magnetic field was the same as that described in
[1]. The conductivity and pH values were recorded every 5
minutes. The same test was conducted in the absence of the
magnetic device. There were no significant differences in the
pH and conductivity of the circulated seawater solutions. Once
magnetically treated, standard seawater was put in a reservoir
and the scaling power of the treated water was evaluated using
an electrochemical test. The magnetic treatment was carried out
by inserting the pipe into the air gap of a group of alternating
permanent magnets (opposite north-south poles) for a specific
time. The seawater to be treated was circulated in a Tygon pipe
with an internal diameter of 7 mm using a variable-speed
circulation pump, as shown in Figure 1. The Tygon used was a
Tygon R3603, which is a PVC plasticized with 51% phthalate
by mass (the phthalate used was di-2-ethylhexyl known as
DEHP). Phthalates are additives commonly used in plastics and
other materials, primarily to make them soft and flexible. They
have a hydrophobic character under normal conditions, which
makes the surface of Tygon also hydrophobic.
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Fig. 1. The magnetic device used for the treatment of seawater.

For electrochemical tests, shown in Figure 2, a SOTELEM-
VINCI potentiostat was used in connection with an ammeter to
plot the chronoamperometric curves. A 6 MHz quartz crystal
microbalance was used. All experimental setup was computer-
controlled. The current passing through the electrode and the
frequency of the microbalance were measured simultaneously
during the calcareous deposition, while the electrode was
polarized at the diffusion-limiting current of the oxygen
reduction (-1 V). The reduction of oxygen increased the pH at
the electrode, which caused calcium carbonate to precipitate on
it. Mass transport was controlled using an impinging jet cell
with a flow of 0.95 L/min. Figure 3 shows the jet cell and the
schematic of the working electrode. The deposited mass was
recorded over time (chronoelectrogravimetric curve). The
comparison of the quantities of deposited mass allows the
scaling power of the water to be assessed by evaluating the
scaling time and the nucleation time. The nucleation time was

defined when the mass neatly increased after some delay. The
characterization of the calcium carbonate crystals adhered to
the gold surface after the electrochemical test was performed
using a Scanning Electron Microscope (SEM) and X-Ray
powder Diffraction (XRD).
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Fig. 2. Experimental setup of the electrochemical tests.
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Fig. 3. Cell jet and working electrode.

III. RESULTS AND DISCUSSION

The scaling power of standard seawater, treated and
untreated through the magnetic device, was examined. Figure 4
shows the chronoelectrogravimetric curves recorded. Various
characteristic parameters concerning the scale formation, in the
presence or not of a magnetic device, such as the mass, rate,
and time of scale, were obtained. These curves show that the
application of magnetic treatment to standard seawater had a
significant effect on the kinetics of crystal deposition. This
magnetic treatment increased the nucleation time of calcium
carbonate from 7.5 to 12 hours and the scaling time from 19 to
23 hours.
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Fig. 4. Amount of adhesion against time.

The adhesion rate of the crystal formed on the surface of
the quartz increased from 1.4x107° pg.cm™h” for untreated
seawater to 1.6x10° pg.cm™h’ with the application of the
magnetic field. The number of adhered particles shows a
significant variation. These results were confirmed by
observing precipitation on the solid surface by SEM images.
Figure 5 shows some selected scanning electron micrographs
of crystals disposed on the quartz surface. Figures 5(a,b)
present the SEM images of seawater with magnetic treatment
after 23 h. In this case, it was observed that two superposed
phases were deposited. During the first stage of
electrodeposition, a thick homogeneous stable layer of
aragonite crystals formed, with an average crystal size of
needle-like shapes of 1.4 x 1 pm.

The second phase was deposited on the first layer, where
the predominant polymorph was calcite with a rhombohedra
shape (50 pum). The presence of the two polymorphs was
confirmed by XRD examination of the deposits. Figure 5(c,d)
shows the SEM images obtained for the electrode surface
without magnetic treatment. Most of the quartz surface is not
covered by the CaCOj; precipitate and is still free. The totality
polymorph is aragonite, as observed in [27, 28]. The adhered
crystals grew as homogeneous aragonite agglomerates to an
average size of 100 um after 20 hours. These agglomerates
were well separated. This effect is because when calcium
carbonate is precipitated from seawater, the formation of
aragonite alone is favored because of the strong influence of
the magnesium in the water on the polymorphic crystallization
of calcium carbonate. In the absence of magnesium, only
calcite was formed [29].

The presence of a magnetic field increases the mass and the
total number of crystals formed. However, the average size of
the crystals is found to be small due to the impact of the field.
This effect can be caused by the weakening of the hydrogen
bonds between water and dissolved ions. The changes in the
kinetics of calcium carbonate deposition and its morphology
could be due to physical alteration, such as clustering or
nucleation of certain types of ions and particulates formed from
the treatment step and subsequently adhered to the gold surface
by the electrochemical process.
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Fig. 5. SEM pictures of the solid surface: (a) with magnetic treatment, two
layers, (b) with magnetic treatment, the first layer deposited, (c) without
magnetic treatment, magnification 1, (d) without magnetic treatment,
magnification 2.
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From the formation of two superposed layers observed, it These observations were confirmed by the XRD spectrum
can be postulated that different forms of CaCO; clusters exist for the calcium carbonate formed with and without magnetic
in the supersaturated solution after the application of a  treatment, shown in Figure 6.
magnetic field. Thus, calcite was deposited on the aragonite
layer because the clusters favorable for the calcite were not
adsorbed by the crystal surface as those of the aragonite.
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Fig. 6. XRD spectra of CaCO; formed (a) without magnetic treatment and (b) with magnetic treatment.

IV. CONCLUSIONS e The adhesion rate and morphology of CaCO; on the surface

. . . were particularly influenced by the magnetic field.
In summary, this study came to the following conclusions:
o o In the absence of a magnetic field, the adhesion of CaCO;
e The nucleation time and the amount of scale were affected on the solid surface was not homogeneous across it, and

by the application of the magnetic field. only agglomerates of aragonite formed.

e CACO; was formed in the presence and absence of a o With magnetic treatment, the main adhesion process was
magnetic device. the direct growth of aragonite on the surface, on which a
second phase of calcite was deposited. The surface was

entirely covered by the aragonite layer.
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