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ARTICLE INFO ABSTRACT

Calcium carbonate is by far the most widespread scaling material. Its deposition in pipes and flowlines has been a
long-standing problem for many industries. Hence, a lot of research is devoted to scale inhibition. One of the
calcium carbonate scale management methods relies on removal of calcium ions from scaling solution by
electrochemically enhanced deposition. Application of potential between two electrodes may result in oxygen
reduction and water electrolysis. Both processes change the local pH in close proximity to the electrodes.
Solution close to the anode is becoming acidic while that close to the cathode alkaline. Solubility of calcium
carbonate is pH dependent. The alkaline pH in the vicinity of the cathode promotes precipitation of calcium
carbonate. On the other hand, the acidic environment near the anode prevents anode from scaling.

In this paper we show how the cathodic and anodic processes, respectively, accelerate and prevent scale
deposition on graphite electrode surfaces. The growth of calcium carbonate at different calcium ion con-
centrations and different voltage magnitudes applied were followed using X-ray computed tomography. The
morphology of the deposited calcium carbonate was studied using the scanning electron microscopy. The
polymorphic forms of calcium carbonate deposited at different voltage magnitudes were identified using X-ray
powder diffraction. A strong correlation between the scaling rate, the average crystallite size and the voltage
applied was observed.
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1. Introduction enhanced deposition of calcium carbonate was reported by several
authors [5-7]. There are two molecular mechanisms underpinning
electrochemically enhanced deposition [7]: (i) By applying potential

exceeding the water splitting potential to two electrodes, water is

Calcium carbonate is by far the most widespread scaling mineral. Its
deposition in pipes has long been a problem for many industries. For

example, in oil and gas industry, scale formation may clog wells and
pipelines and in extreme cases lead to well shut down. At nuclear power
plants, the efficiency of the cooling systems can be severely adversely
affected by scale formation [1]. Deposition of calcium carbonate mi-
neral in municipal water supply infrastructure may promote growth of
pathogenic bacteria such as e.g. Legionella [2,3]. Hence, a lot of re-
search is devoted to scale inhibition.

The most common scale inhibition is chemical inhibition i.e. use of
scale inhibitors - chemicals that retard calcium carbonate precipitation.
Application of chemical scale inhibitors, although very popular in oil
and gas industry, may not always be acceptable in water supply infra-
structure or cooling systems. Therefore, alternative methods have been
proposed to prevent or reduce scale formation [2,4]. One of them is
removal of calcium ions from scaling solution by electrochemically
enhanced deposition of calcium carbonate [2]. Electrochemically
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electrochemically split. The following reactions take place at anode, Eq.
(1), and cathode, Eq. (2). (ii) At potentials below the water splitting
potential reduction of oxygen dissolved in water may take place at the
cathode as described in Egs. (3) and (4).

6H, O— Oy + 4H;0" + 4e~ 1
2H, O+ 2e~ — Hyg) + 20H™ )
0, + 2e~ + 2H, O— 20H™ + H,0, 3)
H,0, + 2~ — 20H- 4

All these processes change the local pH close to the electrodes. The
pH close to the anode is becoming acidic, while close to the cathode it
becomes alkaline [8,9]. During constant voltage (DC, 20 V) electrolysis
of water (initial pH 4.5, conductivity 110 uS/cm), the pH at the anode
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can be reduced to a value of only 3 within a minute. Simultaneously,
the pH in the vicinity of the cathode increases to values over 10 [8]. The
pH variations in vicinity of the electrodes affect calcium carbonate
deposition.

The solubility of calcium carbonate is pH dependent [4]. The gen-
eration of hydroxide ions in the vicinity of the cathode leads to in-
creased carbonate ion concentration (COs;>~) which promotes pre-
cipitation of calcium carbonate (CaCOs3) according to Egs. (5) and (6).

HCO; + OHCO3™ + H,0 (5)

Ca* + CO3™ — CaCOs(, 6)

When calcium ions from the solution precipitate in the form of
calcium carbonate at the cathode, the concentration of scaling calcium
in the solution decreases. Hence, other surfaces in contact with the
solution are protected against scaling, while the cathode acts as a sa-
crificial material [2,6]. Protection against scaling by reducing the
concentration of scaling ions is only one application of electro-
chemically enhanced deposition (EED), there are several other appli-
cations of this process. The EED of calcium carbonate has also been
proposed as a method for creating artificial reefs [10,11]. This concept
relies on growing calcium and magnesium carbonates on a metal
scaffold placed in seawater. By applying potential between the con-
ductive scaffold and a sacrificial electrode, the growth of carbonates is
facilitated, and an artificial reef is formed. The cathodic deposition of
calcium carbonate has also been utilized in corrosion protection of
metal surfaces [12]. During cathodic processes both high pH close to
cathodes as well as the formation of isolating mineral layers protect
metal surfaces from corrosion. The cathodic deposition of carbonate
minerals has also been suggested as a carbon sequestration method
[13]. Despite of many practical applications, the cathodic deposition of
calcium carbonate and other minerals may have negative impact on
many electrochemical processess. One example could be deactivation of
biocathode in a microbial fuel cell [14,15].

While the cathodic processes are used to enhance calcium carbonate
precipitation, the anodic reactions have been utilized in scaling pre-
vention [16]. One example of electrochemical scaling prevention has
been described by Duan et al. (2014). Reverse osmosis membranes
made of polyamide and carbon nanotubes were in their work shown to
retard CaCO5; and CaSO, scaling upon intermittent application of a
2.5V potential to the membrane surface, when the membrane acted as
an anode. Electrochemical dissolution of calcium carbonate has also
been suggested as a solution for mitigating carbon dioxide induced
ocean acidity [17].

During calcium carbonate electrochemical deposition at constant
potential, the residual current density is proportional to the electrode
surface area and it decreases when the active surface area decreases.
The residual current density reaches a value close to zero when the
surface is completely covered by calcium carbonate, causing the de-
position to cease. According to Hui and Ledion [18], the morphology of
calcium carbonate deposits and their porosity is related to the residual
current. It is also related to the nature of the substrate. A strong cor-
relation exists between the rate of nucleation and the crystal polymorph
[19]. The nucleation rate depends on the nature of the substrate [20]. It
was shown that the presence of a passivating layer on non-noble metals
reduces the density of nucleation sites and thus promotes the formation
of vaterite nuclei [19]. Further growth of aragonite crystals involves a
total phase transformation from vaterite nuclei into aragonite [19].

The main objective of this work were to: (a) study the growth of
calcium carbonate on graphite electrodes, (b) compare calcium carbo-
nate growth at the cathode, anode and reference rods, (c) find the re-
lation between potential and growth rate as well as morphology of the
precipitated calcium carbonate, (d) identify polymorphic form(s) of the
resulting deposits in each of the cases.
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2. Materials and methods
2.1. Electrochemical deposition of calcium carbonate

Electrochemical deposition of calcium carbonate was induced by
applying potential between two graphite electrodes immersed in a
scaling solution. The scaling solutions studied contained 0.15 and
1.5 wt% CacCl,, The pH of the scaling solution was adjusted to 12 using
NaOH right before the onset of the experiment (not longer than
30 min). Three cylindrical graphite rods, with a diameter of 2.8 mm,
were immersed in the scaling solution after their surfaces were cleaned
with isopropanol. Two rods were connected to a power supply and
acted as a cathode and an anode, while the third graphite rod was a
reference. All three graphite rods were immersed in 900 mL of CaCl,
solution. The distance between the cathode and the anode was ap-
proximately 7 cm in each experiment, while the reference was placed at
a considerable distance from the electrodes. The scaling was induced by
introducing gaseous CO, to the solution by bubbling. The CO, gas flow
rate was 5.64 mL/min in each of the experiments. When the CO, in-
jection hose was immersed in the solution, the power supply was
switched on, and the potential between cathode and anode was applied.
Experiments were conducted at 10, 5, 3 and 1 V. The series of experi-
ments was performed in a fume hood at room temperature (23 °C) and
atmospheric pressure and carried out for 6h in total. Every hour the
electrodes and the reference rod were removed from the scaling solu-
tion and quenched by a quick (1 s) immersion in deionized water. This
was done to remove the excess of ions, and thus prevent crystallization
of the remaining salts during the following drying process. The rods
were further scanned using X-ray micro-computed tomography (u-CT).
The scaling solution was renewed every 1 h.

The evolution of pH and conductivity during the experiment was
followed using WTW inoLab®, Multi 9630 IDS multimeter equipped
with pH sensor (SenTix® Micro 900-P) and conductivity sensor
(TetraCon®,925). The results are presented in Fig. 1. At time O the hose
with the CO, distributor (attached in order to allow for homogeneous
distribution of CO, gas) was placed in the solution and any changes in
the pH were registered. The pH and conductivity measurements were
made by inserting the sensors in between the two electrodes.

2.2. X-ray micro-computed tomography (u-CT)

X-ray micro-computed tomography (u-CT) was performed using an
industrial CT scanner (XT H 225 ST). It was operated at 210kV and
with a current of 155 pA. A tin filter was used. The raw CT data were
reconstructed into cross sectional slices.

Avizo Fire software (version 9.1, FEI, 2016) was used to estimate
the volume ratio between the precipitated calcium carbonate and the
graphite. During segmenting, the sections of each of the materials were
selected by thresholding based on image intensities. Thereafter, the
material volumes were calculated for the chosen section of the rod. In
order to find out to what extend the segmentation affacts the volume
estimates, the segmentation was performed twice for the lowest and
highest exposure times. The maximum error in estimating volume ratios
was calculated to be 1 %.

2.3. Scanning electron microscopy (SEM)

1 cm pieces of the precipitated material were broken off from the
middle of the electrodes for scanning electron microscopy (SEM) ima-
ging of the surface. A Hitachi S3400 N thermal emission microscope
was used in low-vacuum mode (20Pa pressure) to prevent static
charging of calcium carbonate. The acceleration voltage was set to
15kV and the working distance was 6 mm. A backscattered electron
(BSE) detector was used in 3D mode to optimize topographic contrast in
the SEM images.
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Fig. 1. Time evolution of pH (a) and conductivity (b) in a 1.5 wt% CaCl,(aq) solution with graphite electrodes polarized at 5 V. The bulk solution is represented in
grey, while red and blue indicate the solution adjacent to the anode and cathode, respectively. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article).

2.4. Powder X-ray diffraction (XRD)

In order to identify the polymorphic form of the deposited calcium
carbonate, powder X-ray diffraction was used. The samples for XRD
measurements were prepared by removing the precipitate from the
graphite rod and thereafter grinding the material by hand using a
mortar and pestle. The measurements were performed at room tem-
perature, between 10 and 75° 20 on a Bruker D8 Advance DaVinci
diffractometer with Bragg-Brentano geometry using CuK,, radiation (A
=1.54187 A). The X-ray powder diffraction pattern was collected over
the course of one hour.

3. Results and discussion

Fig. 1 displays the time evolution of pH and conductivity in the
1.5 wt% CaCly(aq) solution mid-way between electrodes (~ 3.5 cm from
electrode surface). The figure also shows measurements in the solution
at a distance of around 4 mm from cathode and anode (polarized at
5V). Initially, the pH of the CaCl, solution is brought to a value of 12 by
addition of sodium hydroxide. At time 0, the solution gets in contact
with CO,. The CO, then reacts with water according to Eq. (7) and
forms carbonic acid. At the initially high pH,12, carbonic acid mole-
cules tend to dissociate almost entirely to form hydrogen and carbonic
ions according to Eq. (8). The products in Eq. (8) further react with
hydroxide ions and calcium ions present in the solution according to
Egs. (9) and (10), respectively. As a result of the reaction in Eq. (9), the
pH value of the solution is reduced, while the reaction in Eq. (10) leads
to precipitation of scarcely water-soluble calcium carbonate.

CO, + H, O 2 H,CO; @
H,CO; 2 2H*" + CO3~ )
2Nat + 20H™ + 2H* + CO3~ — 2H, O+ 2Na* + CO03~ (©)
Ca* + 2CI” + 2H* + CO3™ - CaCO; | + 2CI- + 2H* (10)

The pH in the vicinity of the anode was observed to decrease faster
compared to in the bulk solution and at the cathode. This was due to the
electrochemical processes taking place at the anode described in Eq.
(1). More precisely, this is a result of the production of hydrogen ions
that contribute to faster neutralization of the alkaline pH. On the other
hand, the pH at the cathode decreased more slowly compared to bulk
and at the anode. This was because of production of hydroxide ions that
counteracted the effect of carbonic acid. Moreover, it contributed to
increasing the pH in the solution. A pH value of 10 was thus reached
6.5 min faster on the anode than on the cathode. Moreover, the pH
value 4mm away from the cathode was sustained at higher values

compared to anode and bulk solution after the pH had decreased below
7. It is expected that pH profiles measured even closer to the electrode
surface would have a larger time-shift than what is seen in our mea-
sured profiles.

Conductivity values in the solution decreased linearly from the in-
itial value of 27 S/cm to the minimum value of 25.9 S/cm within
around 20 min from the reaction onset. The decrease is due to the
consumption of calcium, hydrogen and carbonate ions according to Egs.
(9) and (10). It can be assumed that after 20 min of the reaction, an
equilibrium amount of calcium ions was consumed and precipitated in
the form of water insoluble calcium carbonate. The further slight in-
crease in conductivity, to the value of 26.1 S/cm after 35min, can
possibly be attributed to the increasing concentration of hydrogen ions,
Eq. (8), as well as calcium ions that are not consumed in hydroxide
neutralization, Eq. (9), or calcium carbonate precipitation, Eq. (10).

When graphite rods are immersed in the CaCl,/CO, scaling solution,
calcium carbonate precipitates on their surfaces. Depending on the
polarity of the electrode either enhancement or inhibition of scaling
may take place. More precisely, the acceleration of calcium carbonate
deposition compared to the reference electrode was observed at the
negative electrode (cathode) while inhibition at the positive electrode
(anode). Fig. 2 compares surfaces of cathode, anode and the reference
rod after 2h of exposure to scaling solution (1.5 wt% CaCl,) with 5V
potential between electrodes. While the surface of the reference rod is
slightly covered with white precipitate, the surface of the cathode is
entirely covered with a thick layer of calcium carbonate. In contrast to
the cathode and reference rod, the anode is free of precipitate. The
observation suggests that the negative polarization accelerates deposi-
tion of calcium carbonate while the positive inhibits it. The mechanisms

Fig. 2. Graphite electrodes: cathode (top), reference (middle) and anode
(bottom) after 2h in 1.5 wt% CaCl, solution at 5V.
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Fig. 3. p-CT scans of graphite cathodes and reference rods exposed to different concentrations of CaCl, solution, 0.15 wt% (left) and 1.5 wt% (right), and at different

potentials.
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Fig. 4. The volume ratio between calcium carbonate precipitate and the graphite rod (CC/G) as a function of time for different potentials in 0.15 wt% (a) and 1.5 wt%
(b) CaCl solutions. The segmentation errors were typically smaller than 1 %. The errer bars were thus smaller than indicators which is why they are not shown on the

plot.

underlying acceleration and inhibition of calcium carbonate deposition
are related to the local pH close to the electrode surfaces. The local pH
close to the cathode is alkaline, which is associated with reduction of
hydrogen and generation of hydroxide ions according to Egs. (2)-(4).
On the other hand, the local pH close to the anode is acidic due to
oxidation of oxygen described by Eq. (1). The precipitation of calcium
carbonate is pH sensitive and take place spontaneously at alkaline
conditions, while acidic conditions prevent it [4]. Thus, the surface of
the cathode (alkaline) was covered with a thick layer of calcium car-
bonate precipitate after 2 h of exposure to the scaling solution, and the
anode was prevented from calcium carbonate deposition. The inhibi-
tion of scale deposition at the anode is in line with the study reported by
Duan et al. (2014) who applied polarization to reverse osmosis mem-
branes containing conductive carbon nanotubes to prevent the mem-
brane from scaling [16]. The authors show that upon intermittent ap-
plication of a 2.5V potential to the membrane surface, the CaCO3; and
CaSO, scaling is retarded when the membrane acts as an anode.

The growth of calcium carbonate deposition on graphite cathodes
was studied using X-ray computed tomography (CT) at different cal-
cium chloride concentrations and potentials, at constant CO, flow.
Fig. 3 shows the CT cross-sections through the graphite cathodes and

reference rods after 1, 2, 4 and 6 h of exposure to the scaling solutions
(0.15wt% and 1.5 wt% of CaCl,). The dark grey circles are the solid
graphite rods, while the brighter rim at the surfaces is the calcium
carbonate precipitate. No precipitate was observed at the graphite
surfaces within 6 h for the reference rod and for the cathode at 1V.
After 4h in 0.15wt% CaCl, solution, and after 2h in 1.5 wt% CaCl,
solution, a thin film of calcium carbonate was observed at the surface of
the cathode polarized at 3V. For 5V polarization, a thin film of pre-
cipitate was observed already after 2h in 0.15 wt% CacCl, solution and
after 1h in 1.5 wt% CaCl, solution. At 10V, precipitate was observed
for both solutions already after the first hour of exposure. The low
concentration (0.15wt% CaCl,) solution supported precipitation of
fractal-shaped features growing from the graphite surface, while the
precipitate at high concentration (1.5wt% CaCl,) had a more homo-
geneous morphology and formed a porous layer. The porosity of the
layer was higher when higher potentials were applied. The precipitated
layer on the reference rods were too thin to be observed on the CT
images, but was nonetheless present, as seen from Fig. 2.

The volume ratio between calcium carbonate precipitate and the
graphite rod (CC/G) was estimated by the procedure described in the
Materials and Methods section. The CC/G volume ratio is plotted vs.
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exposure time for the two scaling solutions (0.15 wt% and 1.5 wt% of
CaCly) in Fig. 4. It suggests that the optimal conditions for calcium
carbonate electrochemically enhanced precipitation were reached at
5V. At 3V precipitation was slow in both solutions while at 10 V some
losses of deposited calcium carbonate layer were encountered. The
losses were due to erosive processes associated with intense gas release
(Ha(g); see Eq. (2)), which led to fragments of calcium carbonate being
torn off the sample, thus lowering the CC/G ratio. These occurrences
happened at random time intervals, and explains why the CC/G ratio is
often lower compared to the values obtained at 5V. It is likely that the
volume ratio for 10 V would have been much higher than at 5V if no
calcium carbonate had been lost during the experiment. This suggest
that 10V is less favourable for electrochemical precipitation on a gra-
phite electrode than 5V. The CC/G ratio after 6 h for 5 and 10V was
higher at 1.5 wt% of CaCl, compared to 0.15 wt%.

The plots for 3 and 5V follow a s-shaped/sigmoidal profile. The
characteristic feature of sigmoidal profile is that rates are low at the
beginning and at the end of the deposition but rapid in between. This
behavour is clearly seen for 3 V. The initial slow rates can be attributed
to the time required for a significant number of nuclei of the calcium
carbonate to form at the surface and begin growing. During the inter-
mediate period, the transformation is fast. The crystallites grow faster
and and nuclei continue to form on the surface. The slowdown at the
later stage may in our case be caused by the decrease of the electro-
chemically active surface area due to non-conductive calcium carbo-
nate deposition. The s-shaped curve is characteristic for
Johnson-Mehl-Avrami-Kolmogorov crystallization model [21]. The
Avrami equation, see Eq. (11), expresess the fraction of transformed
material (0) after a reaction time (t) at a given temperature.

0=1- exp(— K™ 11

The Avrami equation can be also expressed as

In(n (1/(1—-6 (t)))) = InK+nlInt 12)
where:
K =naNG/3

N is the nucleation rate per unit volume

G is the growth velocity of a crystal

n =D + 1 where D is the dimensionality of space in which crys-
tallization occurs for uniform nucleation and growth

The data from 3 and 5V presented in Fig. 4 were used to derive
deposition kinetics and to fit Avrami crystallization model. The data for
1V and 10V were discarded due to low deposition or partial loss of
calcium carbonate deposit respectively. The calcium carbonate volumes
obtained from CT scans were recalculated to the mole fraction of cal-
cium deposited on the surface in respect to the total amount of calcium

He 0.15% a)
® 3V
— o 5v = 1.3032x - 5.0812
E -3 4 --- Linear(3V)
=
o Linear (5V)
-
< 4
=)
= @ e o
-3 - st et y = 0.622x - 5.4396
E 5 Qat e
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In(t)

In(In(1/(1-6(t))))
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initially present in the solution (8). The fits are presented in Fig. 5. The
Avrami model gave a good fit to the experimental data which allowed
for the determination of the constants n (slope) and InK (intercept) from
a plot of In In(1/(1—0)) versus In t, see Fig. 5. The low values of n
suggest that the crystallites growth is restricted in respect to dimen-
sions. Values of 1 can be expected for crystallites growing on surfaces
[22] which is the case here.

Fig. 6 presents SEM BSE images showing the topography of calcium
carbonate deposited at the graphite surface after 6 h of deposition from
1.5wt% CaCl, solution at different potentials (1, 3, 5, 10 V) and from
0.15 wt% CacCl, solution (LC) at potentials 5 and 10 V. The surface of
the cathode polarized at the potential of 1V is only partially covered
with calcium carbonate and large areas of graphite remained un-
covered. At the potential of 1V, water splitting is not favoured at the
electrode surfaces and only reduction of oxygen dissolved in water may
contribute to increased pH at the cathode according to Egs. (3) and (4).
Graphite surfaces polarized at 3, 5 and 10 V were entirely covered with
calcium carbonate. The crystallite size increased with polarization po-
tential, and was highest at 10V. Calcium carbonate crystallites de-
posited from low concentration (0.15 wt%) were more homogeneously
distributed over the surface and were smaller compared to those de-
posited at higher concentration (1.5 wt%), see Fig. 6.

Fig. 7 shows typical crystallite sizes and forms of calcium carbonate
crystallites deposited at different polarization voltages and at different
concentrations. At the surface polarized at 1V, the most common
crystallite structure was spherical and spherulitic crystallites in the size
ranging between 2 and 4 um. At 3V the 4-6 micrometer large spher-
ulites were present at the surface of prism-like crystallites. At higher
potential, the prism-like crystallites were more abundant, and the
number of spherulites at their surface was lower.

X-ray diffraction indicated that calcite was the only polymorphic
form of calcium carbonate deposited on the surface of graphite. The
diffraction patterns presented in Fig. 8 indicate the presence of peaks
characteristic for calcite for all polarization potentials. This suggests
that the changes in polarization potential do not affect the polymorphic
form of the electrodeposited calcium carbonate. This also suggests that
the observed spherical and spherulitic crystallites may be calcite. The
literature reports spherical calcite crystallites [23], however, the most
commonly reported are vaterite spheres and spherulites [24,25]. It is
likely that the spherical forms of vaterite, if present, are only at the
surface at low content with respect to the bulk calcite material which
might have been undetected by XRD measurements. It has been sug-
gested that vaterite phase may be a precursor form of hydrated calcium
carbonate and also that it is not a stoichiometric CaCO5 phase; rather, a
Ca-rich material with small incorporations of (OH), HCOs3, or CO, (aq.)
[25]. This could explain why the spherical structures are present only at
the very external surface, but not further in the bulk material as they
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Fig. 5. Avrami crystallization model fitted to the experimental data from Fig. 4.
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Fig. 6. SEM BSE images presenting topography of calcium carbonate deposited at graphite surface after 6 h of deposition from a 1.5 wt% CacCl, solution at different

potentials (1, 3, 5, 10 V) and a 0.15 wt% CacCl, solution (LC) at potentials 5, 10 V.

constitute a transitional and unstable form of calcium carbonate that at
later stages tends to recrystallize to the most stable calcite [26]. The
presented diffraction patterns are normalized in respect to the highest
peak. The intensity differences observed between peaks may indicate
that the calcite crystallites grow with a preferred orientation.

4. Conclusions

In this paper we show how scale deposition on graphite surfaces can
be accelerated and prevented by cathodic and anodic processes, re-
spectively. The mechanisms underpinning the scale deposition accel-
eration at the cathode, and inhibition at the anode, have been outlined.
The acceleration and inhibition reactions are both driven by changes in
the local pH close to the electrode surfaces. Growth of calcium carbo-
nate deposition at different calcium ion concentrations and different
polarization potentials applied were studied using X-ray computed to-
mography. In the paper we demonstrate that by increasing the polar-
ization potential between electrodes, the deposition rate grows to a
certain threshold, above which erosive processess tear off deposited
calcium carbonate from the surface. The increasing polarization po-
tential also results in increased crystallite sizes, and it promotes de-
position of prism-like crystallites at the surface instead of the spheru-
litic shapes observed at low potentials. Polymorphic forms of the

deposited calcium carbonate was not affected by the polarization po-
tential.

Both cathodic and anodic processes can be utilized in scale pre-
vention. While the enhanced deposition at the cathode may be utilized
to reduce the concentration of the scaling mineral in the scaling solu-
tion, the inhibition at the anode may be directly applied for preventing
surfaces from scaling. The anodic inhibition is, however, limited to the
surfaces that will not undergo galvanic corrosion at the choosen con-
ditions.
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Fig. 7. SEM BSE images of characteristic calcium carbonate crystal morphologies present at the surface after 6 h of deposition from a 1.5 wt% CaCl, solution at
different potentials (1, 3, 5,10 V) and a 0.15 wt% CacCl, solution (LC) at potentials 5 and 10 V.
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