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ABSTRACT

The scale formation in heat transfer surfaces in seawater desalination plants by multi stage
flash processes (MSF). This scale is formed during the precipitation of salts containing in
seawater such as calcium and magnesium carbonates. The pretreatment is based on the
removal of the calcium and magnesium cations from seawater, using zeolite as cation
exchanger and precipitator agents as: lime, soda ash, and mixture of soda ash with soda.
DRX, SEM, and EDX analyses were employed to characterize the zeolite before and after
pretreatment so as to demonstrate the change composition on the zeolite surface. The results
revealed that the pretreatment by a mixture of soda ash (13g/L) and soda (4g/L) favor the
precipitation of calcium and magnesium ions. The calcium and magnesium ion concentrations
in seawater were reduced, respectively, from 620 mg/L and 644 mg/L to 5 mg/L and 9.11
mg/L.
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1. INTRODUCTION

The shortage of drinking water is a problem touched all world countries, the water
consumption increase with population growth, and needed of water for various uses and
exploitation [1]; with rapid increase of population water shortage is provided to augment
around 60% by 2025 [2]. The seawater desalination technology solve the scarcity of water,
this technology is mainly divided into two types, thermal and membrane desalination [3], the
mostly process used in thermal desalination is multi stage flash (MSF), this process close to
60% of the total world production capacity [4,5], water production quality by MSF
characterize by low salts contents because vapor contain a few solids [6]. Therefore, the MSF
plants used the thermal energy to produce the fresh water, and usually operate at high
temperature range of 120 °C [7]. The seawater composition and operating temperature in the
MSF desalination installations are a responsible for scale formation onto heat transfer
surfaces, such as; evaporators and brine heated [8,9]. The formation of scale is resulted by
deposition of minerals salts of calcium carbonate (CaCO3) and magnesium hydroxide
(Mg(OH),), both are called alkaline scale. The non alkaline scale is mainly the deposition of
calcium sulfate CaSQ,.

The formation of alkaline scale of calcium carbonate and hydroxide magnesium depend on
temperature, pH, concentration of HCO5, CO3? Ca™ and Mg*?, and also the release of
carbonic gas (CO;). The solubility of CaCO3; and Mg(OH), decrease with temperature
increase [10-14]. The problem of alkaline scaling is to reduce the heat transfer as much as
80% [15], increase of energy consumption and operating costs, loss of production because the
factories will need continual cleaning. Several studies were worked for controlled and
evaluated of scale formation in MSF installations. The interaction between the decomposition
products of the bicarbonate ion of seawater with calcium and magnesium ions produces
calcium carbonate and magnesium hydroxide, the inhibition of the decomposition of the
bicarbonate ion is the proposed solution to limit this precipitation. The control of scaling in
heat transfer surfaces in MSF installations employs various methods: the old method which
consists of acid treatment in MSF distillers, additives treatments with organic or inorganic
polymeric, and the use of cleaning sponge ball [16-18], but the formation of non alkaline
scales in MSF distillers, are controlled by maintain the top brine temperature below 122 °C
[13]. Another method of scaling prevention involve softening of seawater before desalination
process, using strong cationic resin and zeolite to removal the calcium and magnesium ions
[19-21]. A new decalcification strategy has been suggested for precipitating calcium

carbonate and magnesium hydroxide using carbonic gas CO, and an alkaline source as
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precipitators respectively [22-24]. Therefore, the decalcification pretreatment by CO;
eliminate the major fouling and calcium scaling in seawater desalination installations. In
previous work, Ayoub et al [25] evaluated the use of precipitation softening as a pretreatment
step for seawater desalination, by the addition of NaOH/Na,COj3 (2:1) solution, the results
showed that precipitation softening at a pH of 11 leading to the removal of a number of scale-
inducing materials such as calcium, magnesium, silica, iron, and bacteria.

The novelty of our work is the elimination of calcium and magnesium ions from seawater,
using the commercial zeolite z 3125 as cation exchanger and a precipitating agent such as
soda ash, lime, and sodium hydroxide. Removal of calcium and magnesium before
desalination of seawater minimize the risk of the scale formation onto heat transfer surface.
This proposed technique of precipitation and softening by zeolite z3125 is considered as a

pretreatment step for seawater desalination.

2. EXPERIMENTAL

2.1. Materials and methods

Seawater from the KAHRAMA desalination plant (Algeria) was used, its composition as
listed in Table 1. The pretreatment process was studied by measuring the following
parameters: pH, total hardness concentration, calcium concentration [Ca*?], magnesium
concentration [Mg*’], and HCO3, COs%, and OH™ ion concentrations. The samples of used
seawater in testing procedures were stored at 22 °C. We observed that the total water hardness
is very high 420 °F using EDTA complexometric titration method (Table 1). For this purpose,
it is necessary to find a proper pretreatment of seawater before introduced into the MSF
distillation evaporators. We considered the elimination of the water hardness using
precipitator reagents like soda, soda ash, and lime and used the commercial zeolite z 3125 as
cation exchanger. Zeolite z3125 is a zeolite type LTA (A5), the properties of this zeolite is the
form ionic Ca, and particle diameter is 10 microns.

2.2. Characterization

The seawater pretreatment method consists of Ca*? and Mg*? ions removal by precipitation
using Na,COs, CaO and NaOH, then a softening process using zeolite z3125. The solutions
were filtered and analyzed.

Analyses consisted of measuring the following parameters: pH; conductivity (ms/cm); total
hardness TH (mg/L); calcium hardness Ca*? (mg/L); and magnesium hardness Mg**(mg/L).
The pH values of the filtered solutions were measured using an electrode in conjunction with

a Starter type 210 pH meter. The conductivity values were measured using Conductivity
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Instrument HI 2315 (Romania). Calcium and magnesium ions were measured by EDTA

complexometric titration method. All analyses were run at a temperature 22 °C.

Table 1. Composition of the seawater fed to the KAHRAMA desalination plant

Parameters Value
Total hardness, mg/L 4200
Ca*?, mg/L 620
Mg*?, mg/L 644
CI', mg/L 20412
TA, mg/L 24
TAC, mg/L 90
Conductivity, ms/cm 54.5
pH 8.15
Temperature, °C 22

During the use of Na,COs and in order to determine the optimum amount of soda ash to use,
we introduced different amounts ranging from 0.2 to 1.3 g in 100 mL of seawater. The
mixture was stirred well for 10 min at a speed of 100 rpm.

A second test was conducted using CaO; samples of 100 mL of seawater solution were
transferred to 125 ml Erlenmeyer flasks in which amounts of 10, 20, 30, 35, and 38 mg of the
CaO were added. The samples were stirred for 10 min, at a speed of 100 tr/min, in order to
determine an optimal amount of lime.

Finally, to determine optimum conditions for soda ash-caustic soda, we added quantities of
caustic soda ranging between 100 and 500 mg to a series of five flasks containing the filtrate
of the optimal amount of sodium carbonate 13 g/L, and then the solution was analyzed. In
order to explore the composition of raw commercial zeolite before and after treatment, 5.5 g
of zeolite were introduced into 125 ml Erlenmeyer flask containing 100 ml of seawater and
stirring for 30 minutes at a speed of 100 rpm (55 g/L of zeolite and 30 min were the optimum
amount and time respectively).

Moreover, commercial zeolite z3125 was characterized by X-ray diffraction analysis (XRD),
scanning electron microscope (SEM), and energy dispersive X-ray (EDX). XRD was used to
characterize the zeolite before and after treatment on a Bruker D8 advance X-Ray
diffractometer (40 KV, 15 mA) using CuKa radiation at the step size of 2° with a counting
time of 1 min of each step. EDX analysis (HIROX SH 400 M, Bruker) was used to determine
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the chemical composition of zeolite. SEM was used to identify the morphology of the zeolite
before and after treatment. Accelerating voltage was maintained constant at 20 KV for SEM
and EDX analyses.

3. RESULTS AND DISCUSSION

3.1. Effect of added soda ash on Mg*? and Ca*? removal from seawater

The concentration of calcium and magnesium ions in filtered solution decreased after adding
various amount of Na,CO3z and mixing for 10 minutes (Fig.1a). As the concentration of
Na,CO; increased, the concentrations of Ca*™? and Mg*? in the filtered solutions declined. For
instance, the concentration of Ca*? declined to near 10 mg/L after 13 g Na,CO; was added.
This means that the soda ash is a promoter of calcium precipitation. The calcium
concentration decreased to near 0 mg/L after adding 0.05 M of Na,CO3 with mixing for 30
min at room temperature [26].

When soda ash is added to seawater, it dissolves and produces two sodium ions [Na'], and
one carbonate ion [CO5] for each unit of soda ash (Equation 1). The carbonate of soda ash
reacts with the calcium and magnesium ions existing in seawater for give the insoluble
precipitates of calcium carbonate [CaCOgs], and magnesium carbonate [MgCOs], respectively
(Equations 2 & 3).

Na,CO3 2Na" + CO5 (1)
_—
Mg+ C0O3? — 5 MgCO; )

rl

3.2. Influence of caustic soda added on filtered seawater solution of soda ash

The concentration of Ca*? and Mg* in filtered solution of 13 g/L of soda ash after adding
various amount of NaOH and stirred for 10 min, were indicated in Fig.1b. As the amount of
NaOH added increased, the concentration of Ca*? and Mg*? in the filtered solution decreased.
The concentration of Ca*? and Mg*? in the filtered solution decreased to 5 mg/L and 9.11
mg/L, respectively, after adding 400 mg of NaOH. Beyond this concentration, the calcium
and magnesium levels in seawater remained constant. So, the combination of soda ash and

caustic soda gave the best result for pretreatment of seawater.
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The change of Ca*? and Mg* concentrations in filtered solution is clearly remarkable,
because the addition of NaOH has led to an increase in the concentration of OH", which react
with Mg*? to form Mg(OH), , and with Ca*? to form Ca(OH),. The existence of a sufficient
amount of the OH" ions, provided by NaOH has led to the precipitation of calcium and

magnesium ions (Equation 4 & 5) [27].

Mg* + 2 OH'—’Mg(OI-l)il (4)
Ca*?+20H — Ca(OH), (5)

+_I

After softening by soda ash of 3000 mg/L at pH 11.3, and adding the optimum amount of
sodium hydroxide, the calcium and magnesium were decline below 15 mg/L and 1 mg/L
respectively.

3.3. Impact of lime added on Mg*? and Ca*? concentration in seawater

Fig.1c explains the variation of calcium and magnesium concentrations as function of the lime
concentration. In order to determine the optimal amount of lime, we noticed that the
concentration of magnesium was reduced from the 643.95 mg/L to 157 mg/L after added an
amount of 350 mg/L of lime, but the calcium concentration was increased. The lime is a
promoter of magnesium precipitation that has led to the formation of magnesium hydroxide.
The increase in the concentration of Ca*? ions was due to the amount of Ca*? released during
dissociation of CaO in water.

The pH and concentration of HCO5", COs* , and OH" in raw seawater solution and in filtered
solution of 13 g/L of soda ash, after adding various amount of sodium hydroxide and mixing
for 10 min of 100 rpm were shown in Fig.2.

The carbonate ions concentration increased with the successive addition of NaOH, but the
bicarbonate ions concentration were dropped to zero after added amount of 1 g/L of soda as
shown in (Fig.2a and Fig.2b), this concentration of bicarbonates ions remained constant with
the continuous addition of NaOH.

The curve of pH (Fig.2c) showed that the pH in filtered solution of soda ash increased with
the continuously addition of NaOH. The pH was 9.84 before adding the amount of NaOH.
Then, the pH reached 10.80 after adding a quantity of NaOH equal to 4 g/L. Thus, removal
rates for both calcium and magnesium ions at pH 10.80 were heavily elevate. The addition

of NaOH led to an increase in pH and provided more OH™ which bound to the remaining
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magnesium ions in the filtered solution. This effect induced the precipitation of carbonate and
magnesium hydroxide.

The filtered solution of 13g/L of soda ash contain 7000 mg/L of COs* and 400 mg/L of OH"
(Fig.2a and Fig.2d), after adding NaOH the both concentrations of carbonates and hydroxides
increased. The carbonates ions were reacted with calcium remaining in the filtered solution to
induce the precipitation of calcium carbonate or calcium hydroxide. Also, the hydroxide ions

were reacted with magnesium to produce the magnesium carbonate or magnesium hydroxide.
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Fig.1. Ca and Mg removal by addition of different precipitator reagents: (a) Na,COs, (b)
NaOH added in filtered solution of 13g/L of Na,COs, (c) CaO from seawater
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various amounts of soda (NaOH) at a concentration of soda ash of 13g/L
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4. Seawater softening using commercial zeolite z3125

The composition of commercial zeolite z3125 before and after treatment was analyzed using
XRD and SEM-EDX. XRD spectra are shown in Fig.3. As seen in the XRD pattern of the
zeolite at two different time: 0 min and 30 min; the zeolite before treatment at 0 min is a pure
LTA zeolite crystals of form Ca [28]. After 30 min of pretreatment, the RDX spectrum
indicates the appearance of a new dominant peak at 20 of 6 ° corresponding to the presence of
MgO (magnesium oxide) impregnated in zeolite z3125. SEM and EDX were used to confirm
the presence of Mg in the zeolite z3125. Fig.4 shows the SEM image of the crude A5 zeolite
before (Fig.4a) and after pretreatment (Fig.4b). After 30 min of the contact with seawater
solution, the surface of zeolite A5 appears clearly charged resulting in the appearance of a
new element, this change of form of the agglomerates on the surface of the zeolite indicates
was due to the fixing of magnesium.

Fig.5 and Fig.6 show the EDX spectra of the zeolite before and after treatment respectively.
The EDX results indicate that the zeolite before treatment was composed of 0% magnesium,
28.53% of oxygen, and 71.47% of calcium, and after pretreatment its composition became
40.14% of magnesium, 35.96% of oxygen and 23.90% of calcium. The zeolite 23125
adsorbed the existing magnesium ions in the seawater solution. The removal rate of
magnesium by the zeolite z3125 was 40.14%, which corresponds to the elimination of 258.50
mg/L of seawater containing 644 mg/L before treatment. The results obtained by EDX

analysis corroborate those obtained by SEM.
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Fig.4. SEM images of zeolite z3125 before (a) and after treatment (b)
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Fig.5. EDX analysis of zeolite z3125 before treatment
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Fig.6. EDX analysis of zeolite z3125 after treatment

5. CONCLUSION

The seawater pretreatment by removal calcium and magnesium using zeolite as cation
exchanger and by lime, soda ash, and soda ash-soda as precipitation agents was studied.
Softening pretreatment using zeolite is effective for removal magnesium ions from seawater,
the DRX, SEM, and EDX analyzes demonstrated the presence of a large amount of
magnesium oxide in zeolite after 30 min of the contact with seawater.

The precipitation technigue using sodium carbonate is useful for reducing calcium, but not for
reducing magnesium. The mixture of sodium carbonate and soda could simultaneously reduce
the content of the calcium and magnesium ions in seawater with the rates of 99.19% and
98.58%, respectively. The use of lime is promising for the removal of magnesium from
seawater; its rate has been reduced from 644 mg/L to 157 mg/L.

Pretreatment by a mixture of soda ash (13 g/L) and soda (4 g/L) gave the best results. The
calcium and magnesium ion concentrations in seawater were reduced from 620 mg/L and 644

mg/L to 5 mg/L and 9.11 mg/L respectively.
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