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1 Introduction
Magnesium hydroxide is used in a wide range of applica-
tions, such as antibacterial agent, neutraliser of acidic wa-
ter pollutants, liquid wastes and gases, filler in the paper 
industry, neutralising agent in pharmaceuticals, fertiliser 
additive, precursor for the production of magnesium ox-
ide, as refractory material and flame retardant.1–4

The method of synthesis and the process conditions affect 
the physicochemical properties of magnesium hydroxide, 
which are defined by shape, size, and degree of diversity 
of the particles.4 Particles can vary in grain, size, and mor-
phology. Morphology of the synthesised particles can be 
in different forms: as needles, tubes, fibres, platelets, rods, 
and flowers.4–8

Magnesium hydroxide can be obtained by various meth-
ods of synthesis from mineral resources such as magnesite, 
serpentinite, dolomite, carnallite, mineral salt and seawa-
ter.9–11 Synthesis methods are sol-gel, chemical precipita-
tion, electrochemical, solvothermal and hydrothermal, 
methods based on microemulsion, chemical vapour depo-
sition, microwave, sonochemistry, and combustion.4,8,12–17

Sonochemistry is the method in which molecules under-
go a chemical reaction due to the application of powerful 
ultrasound radiation (20  kHz–10  MHz).18 The observed 
chemical transformations generated through ultrasonic ir-
radiation are not due to the interaction between the ul-
trasound and the substance, but a consequence of the ef-
fect of cavitation which the propagating ultrasound waves 
generate in a medium. Cavitation generates microbubbles 
with vapour in the liquid, accompanied by an inward col-
lapse when the size of the bubble is no longer tenable 

by the propagating ultrasonic waves. This implosion gen-
erates very high temperatures (5000–25000  K), pressure 
(152 kPa), and heating and cooling rate (1011 K s−1).18–20 In 
such extreme conditions, the organisation and crystallisa-
tion of the products is hindered, resulting in the formation 
of smaller crystals. The products obtained with ultrasound 
can vary in size, shape, structure, and in their solid phase.20

In recent years, many kinds of materials have been syn-
thesised in nano size by this method. Some authors15,21–22 
have successfully synthesised nano magnesium hydroxide 
from a liquid, while some have modified the surface of mi-
cro magnesium hydroxide by ultrasound irradiation. The 
advantage of this method, compared to other methods, is 
that it can be easily controlled, is very fast, and needs no 
surfactant. Products can have good spherical and uniform 
crystallites with smaller particles.20

A detailed review of the literature leads to the conclusion 
that no one has yet investigated the synthesis of magnesi-
um hydroxide from seawater by ultrasound. Seawater can 
be economically used as a raw material in the production 
of magnesium hydroxide if the magnesium mass concen-
tration in it is at least 1.3 g dm−3. This condition is met in 
numerous places in seas and oceans.23 In this study, mag-
nesium hydroxide was synthesized through precipitation 
and sonochemistry methods in the presence of dolomite 
lime as reagent. 

The effect of ultrasound irradiation on the size and mor-
phology of particles of magnesium hydroxide from seawa-
ter has been investigated. The purpose was to obtain high 
purity magnesium hydroxide with a smaller particle size, 
and to prevent agglomeration during synthesis. The prop-
erties of the obtained magnesium hydroxide were char-
acterised by the laser light scattering method (LLS), XRD, 
FTIR and SEM analysis.*Corresponding author: Jelena Jakić, Ph. D.  
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2 Experimental 
Magnesium hydroxide powders were synthesised by chem-
ical precipitation (Eq. (1)) from seawater (from the location 
of the Institute of Oceanography, Split) with dolomite lime 
(from the location of Đipalo-Sinj, Croatia) as the reagent. 
The chemical analysis of seawater is shown in Table 1. The 
chemical composition of the dolomite lime was converted 
from the known chemical composition of dolomite and 
loss on ignition (950 °C/5 h). The chemical composition of 
dolomite lime is shown in Table 2.

2CaO·MgO(s) + 2Mg2+(aq) + SO4
2−(aq) +  

+ 2Cl−(aq) + 4H2O(l) → 4Mg(OH)2(s) + CaSO4(s) + 
+ Ca2+(aq) + 2Cl−(aq)

(1)

Table 1 – Chemical composition of seawater, g dm−3

Tablica 1 – Kemijski sastav morske vode, g dm−3

Components, g dm−3

Komponente, g dm−3 CaO MgO B

Seawater 0.6945 2.4598 3.83 · 10−3

Seawater was pre-treated with sulphuric acid in order to 
remove bicarbonate (HCO3

−) and carbonate (CO3
2−) ions, 

followed by the removal of the liberated carbon dioxide 
(CO2) by aeration in a desorption tower. After pre-treat-
ment of the seawater, a calculated amount of dolomite 
lime (addition of 80  % of the stoichiometric quantity of 
dolomite lime) was added to the seawater. The suspen-
sion was then ultrasonically irradiated by a high intensity 
ultrasonic probe immersed directly into the solution. The 
precipitation reaction took 1  h under ultrasound waves. 
The working parameters of the high intensity ultrasound 
(Hielscher Ultrasound Technology UP400St) were 20 kHz, 
amplitude 50 % with a maximum power output of 100 W. 
The temperature of suspension throughout the process was 
kept at 50 ± 5 °C by cooling with ice water. 

The magnesium hydroxide precipitate was centrifuged 
(centrifuge TEHTNICA LC-320, 3000  rpm for 5  min), 
and rinsed five times with distilled water (pH  =  5.86). 
The rinsing was carried out five times with approximately 
1000 cm3 of the rinsing agent in order to eliminate residual 
impurities. After the last rinse, the precipitate in the form of 
sludge was homogenised again by ultrasound for 10 min. 
This was followed by the freeze-drying method at −110 °C 
with pressures of 5–20 Pa in a stream of liquid air. 

Freeze-drying24 is a drying method where the solvent is fro-
zen prior to drying, and is then sublimed, i.e., converted 

to the gas phase directly from the solid phase, below the 
melting point of the solvent. The pressure can be lowered 
by a device with a special cooler and a two-stage vacuum 
pump. The drying process was carried out for three days. 
The magnesium hydroxide samples were chemically ana-
lysed to determine concentrations of CaO, MgO, Al2O3, 
Fe2O3, B2O3, and SiO2 using the complexometric, potenti-
ometric, and gravimetric methods, respectively. 

The XRD analysis of Mg(OH)2 was performed with a PAN-
alytical Empyrean X-ray diffraction system with the fol-
lowing operating conditions: Cu-Kα, 40  kV voltage and 
40  mA current, 0.0263° step size, counting time/step of 
97 s, and a scanning angle 2θ from 13 to 120°. The XRD 
pattern was collected with constant irradiated surface (ob-
served length 3 mm) using automatic divergent slit (ADS). 
In the procedure of data treatment, the collected pattern 
was corrected for convert divergence slit and systematic 
errors (external Si standard). The qualitative interpretation 
of the XRD pattern was made by comparison with stand-
ard patterns contained in the database PDF2 (ICDD, PDF2 
Released 2020) using HighScore Plus. Quantitative analy-
sis was made using Direct Derivative (DD) quantification 
method.25 The FT-IR spectroscopic measurements were re-
corded on a Spectrum One instrument (PerkinElmer, SAD) 
at room temperature in the range from 400 to 4000 cm−1. 
A sample of magnesium hydroxide after the drying pro-
cess, in the form of voluminous powder (vMg(OH)2) was 
prepared by the potassium bromide (KBr) pellet method. 
The average particle sizes of magnesium hydroxide sam-
ples before and after the drying process were detected by 
a laser particle size analyser (Mastersizer 2000, PerkinElm-
er). The range of measurements was from 20 nm to 2 mm. 
The measurements were made with the refractive index 

Table 2 – Chemical composition of dolomite lime, mass. %
Tablica 2 – Kemijski sastav dolomitnog vapna, mas %

Components, mass. %
Komponente, mas % CaO MgO Al2O3 Fe2O3 SiO2

Dolomite lime 59.03 40.69 0.0925 0.0705 0.1083

dolomite lime

seawater

Fig. 1 – Schematic illustration of Mg(OH)2 synthesis by ultra-
sound

Slika 1 – Shematski prikaz sinteze Mg(OH)2 ultrazvukom
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of 1.580. The morphology and structure of magnesium 
hydroxide samples were analysed using scanning electron 
microscopy (SEM/EDS, JEOL JSM-7000).

3 Results and discussion
The results of the chemical analysis (shown in Table  3) 
indicate a high quality magnesium hydroxide precipitate 
obtained by the process of precipitation from seawater 
with 80 % of dolomite lime. Previous studies26,27 indicate 
a much faster precipitation rate and a cleaner precipitate 
when the quantity of the precipitation agent used is smaller 
than the stoichiometric one. Also, the addition of a smaller 
amount of dolomite lime in the process of precipitation of 
magnesium hydroxide from seawater decreases the coag-
ulation stability of the colloidal system by decreasing the 
electrokinetic potential, thus achieving an isoelectric point 
faster (ζ = 0), the results of which cause an increase in the 
rate of sedimentation and an increase in the capacity of 
the thickener. The chemical composition indicates a high 
percentage of MgO (96.463 %) in the sample, and as such 
it has a wide range of applications. 

The XRD powder pattern of the synthesized Mg(OH)2 sam-
ple is shown in Fig. 2. The results of the analysis suggest-

ed that the prepared sample consisted of two structurally 
ordered phases Mg(OH)2 (brucite) and CaCO3 (calcite) in 
the amount of 90.6 and 9.4  mass.  %, respectively. The 
synthesized Mg(OH)2 crystallised in the hexagonal crystal 
system in the space group P-3m1. Parameters of unit cell 
of the Mg(OH)2 model used (brucite, PDF 01-084-2163) 
were a = b = 3.148 Å and c = 4.779 Å. After refinement 
by application of direct derivative method the parame-
ters of unit cell were a = b = 3.144 Å and c = 4.777 Å, 
which were less than in the used model (GOF = 3.38, and 
Rwp = 11.79). Crystallite size of Mg(OH)2 was 129.7 Å.

Fig. 3 shows the results of the FT-IR analysis of magnesium 
hydroxide sample obtained by non-stoichiometric (80 %) 
precipitation in the form of voluminous powder. Absorp-
tion bands located at the 3699.78 cm−1, 647.38 cm−1, and 
583.23 cm−1 are attributed to the brucite.28–29 The main and 
very sharp absorption band at the 3699.78 cm−1 is attribut-
ed to stretching vibration of the O−H bond in the brucite 
crystal structure. Mg−O−H bending mode in brucite oc-
curs at low frequencies, suggested by the absorption bands 
at 583.23 cm−1 and 647.38 cm−1. Very broad absorption 
band located in the range between 3600 and 3000 cm−1 
and cantered at 3421 cm−1 are attributed to the stretching 
vibration of the O−H bond from the molecule of water. 
Absorption band at 1637.8 cm−1 is assigned to the bending 
vibration of the H−OH bond, which arises also from the 

Table 3 – Chemical composition of Mg(OH)2 sample before calcination (a) and after calcination (b), mass. %
Tablica 3 – Kemijski sastav uzorka Mg(OH)2 prije (a)i nakon kalciniranja (b), mas %

Components, mass. %
Komponente, mas % CaO MgO Al2O3 Fe2O3 B2O3 SiO2 L.O.I.

Sample (a)* 1.120 65.450 0.038 0.035 0.192 0.121 32.150
Sample (b) 1.651 96.463 0.056 0.052 0.283 0.178 –

* Chemical composition of Sample (a) is expressed through the oxide form for the sake of comparison with Sample (b) after calcination.

Fig. 2 – X-ray diffractogram of Mg(OH)2 sample after the drying process
Slika 2 – Rendgenski difraktogram uzorka Mg(OH)2 nakon procesa sušenja
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molecule of adsorbed water on the surface of the sam-
ple.28 The weak absorption band located at 3649.76 cm−1 
is attributed to the O−H stretching vibration in Ca(OH)2.30 
The broad band at 1473.50  cm−1 and a weak band at 
877.90 cm−1 indicate the rapid formation of the carbonate 
from the hydroxide. Observed absorption bands attributed 
to CaCO3 are in-plane bending (v4) at 714.15 cm−1, out-
of-plane bending mode (v2) at 877.9 cm−1 and asymmetric 
stretching (v3) mode at 1473.50 cm−1.31

The results of the FTIR analysis confirmed the content of 
brucite and calcite phases in the samples of magnesium 
hydroxide obtained from seawater. 

In order to examine the effect of high-intensity ultrasound 
on the particle size of the precipitate obtained, analysis 
of particle size distribution was carried out on magnesium 
hydroxide samples in the form of sludge before the drying 
process (Fig.  4). The samples were analysed without the 
application of ultrasound and with its application for 100 s 
immediately before measurement. 

The results indicated that the application of ultrasound for 
100 s affected the breaking of formed agglomerates. The 
optimal time of ultrasound application was 100 s, because 
after further application, no changes were observed in the 
samples when particle size distribution was measured. 
The results indicated that the particle size distribution had 
shifted towards lower values, i.e. in the range from 0.1 to 
34.6 μm. The mean particle size was 5.75 μm.

Fig. 5 shows the analysis of particle size distribution per-
formed on magnesium hydroxide samples in the form of 
voluminous powder after the drying process. The samples 
were dispersed in water with the application of ultrasound 
for 20 s or 100 s immediately before measurement. The 
optimal time for ultrasound application was 20 s, because 
after further application, a new agglomeration of particles 
was observed. The results indicated that the particle size 
distribution ranged from 0.1 to 39.8 μm. The mean parti-
cle size was 7.58 μm.

Fig. 4 – Particle size distribution for sMg(OH)2 sample
Slika 4 – Raspodjela veličine čestica za uzorak Mg(OH)2 u obliku 

mulja

Fig. 5 – Particle size distribution for vMg(OH)2 sample
Slika 5 – Raspodjela veličine čestica za uzorak Mg(OH)2 u obliku 

voluminoznog praha

Fig. 3 – FTIR spectra of Mg(OH)2 samples in the form of voluminous powder
Slika 3 – FTIR spektri uzorka Mg(OH)2 u obliku voluminoznog praha



J. JAKIĆ et al.: Ultrasound-assisted Crystallisation of Magnesium Hydroxide from Seawater, Kem. Ind. 69 (9-10) (2020) 473−479  477

The application of high-intensity ultrasound affects the par-
ticle size by breaking the formed magnesium hydroxide 
agglomerates both in the precipitation process and after 
drying. The comparison of particle size distribution in mag-
nesium hydroxide samples in the form of sludge and in the 
form of voluminous powder showed a deviation (Fig. 6). It 
was assumed that the formation of adhesions had occurred 
which could not be broken even after treating the samples 
with ultrasound. The purpose was to maintain the particle 
size of the precipitated magnesium hydroxide (in the form 
of sludge) even after drying, meaning that the freeze-dry-
ing method was not fully effective. 

Fig. 6 – Particle size distribution for sMg(OH)2 and vMg(OH)2 
samples

Slika 6 – Raspodjela veličina čestica za uzorke Mg(OH)2 u obliku 
mulja i volumonoznog praha

SEM images (Fig. 7) were used to study the morphology 
of the voluminous powder of magnesium hydroxide. Vari-
ous magnifications of the images of magnesium hydroxide 
samples obtained by the freeze-drying method show flaky 
and filamentous structures of irregular shape agglomerated 
into much larger formations. Filamentous structures were 
up to 300 nm long, and flakes were much larger. The EDS 
analysis indicated a high percentage of Mg2+ in the sample.

4. Conclusion
By the process of precipitation from seawater with dolo-
mite lime, high purity magnesium hydroxide, i.e., with 
a high content of MgO (96.463  %) in the sample, has 
been successfully obtained, and as such can be used as 
a starting material in many industries. The prepared sam-
ple consisted of two structurally ordered phases Mg(OH)2 
(brucite) and CaCO3 (calcite) in the amount of 90.6 and 
9.4 mass. %, respectively. The application of high-intensity 
ultrasound had no effect on the chemical composition of 
the obtained magnesium hydroxide precipitate, which was 
evident from the chemical, XRD and FTIR analysis. The 
application of high-intensity ultrasound significantly con-
tributed to the reduction in particle size of the precipitated 
magnesium hydroxide. The mean particle size of the mag-

nesium hydroxide sludge was 5.75 μm, and that of volu-
minous powder was 7.58 μm. The freeze-drying method 
failed to maintain the same particle size of magnesium hy-
droxide as in the sludge samples. Deviations in particle size 
between sludge samples and voluminous powder samples 
of magnesium hydroxide after the ultrasonic treatment in-
dicated the formation of adhesions. The morphology of vo-
luminous powder of magnesium hydroxide showed flaky 
and filamentous structures of irregular shape agglomerated 
into much larger formations (μm size range). Filamentous 
structures were up to 300 nm long, while the flakes were 
much larger. 
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SAŽETAK
Ultrazvučno potpomognuta kristalizacija magnezijeva hidroksida  

iz morske vode
Jelena Jakić,* Miroslav Labor, Dražan Jozić, Vanja Martinac i Ivona Horvat

Magnezijev hidroksid visoke čistoće sintetiziran je iz morske vode uz dodatak dolomitnog vapna. 
Ultrazvukom visokog intenziteta potpomognuta kristalizacija magnezijeva hidroksida tijekom pre-
cipitacije odvijala se u svrhu dobivanja što finijih čestica Mg(OH)2 i sprječavanja njihove aglomera-
cije. Ispitivanja su provedena na uzorcima magnezijeva hidroksida u obliku mulja i voluminoznog 
praha. Sastav, morfologija i svojstva dobivenog produkta analizirani su kemijskom, XRD, FTIR i 
SEM/EDS analizom. Raspodjela veličine čestica određena je metodom raspršenja laserskog svje-
tla. Rezultati ukazuju na to da je srednja veličina čestica magnezijeva hidroksida u obliku mulja 
5,75 µm, dok je u voluminoznom prahu 7,58 µm. Morfologija voluminoznog praha magnezijeva 
hidroksida je u obliku aglomeriranih nitastih (duljine do 300 nm) i ljuspičastih struktura. 

Ključne riječi 
Ultrazvuk, magnezijev hidroksid, morska voda, precipitacija, veličina čestica, mikrostruktura
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