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In this work, we investigate how the molarity of the solution affects the phys-
ical characteristics of MgO coatings. By oxidizing simply thermally magne-
sium that had been electrodeposited on aluminium substrates, stable MgO 

thin films are produced. The samples are characterized by x-ray diffraction 

(XRD), Raman spectroscopy, and scanning electron microscopy (FEG-SEM) 
equipped with energy dispersive x-ray analysis (EDX), a profilometer. The 

wettability properties of the synthesized films are estimated by measuring 

the contact angle between the surface of the films and a deposited water drop 

(WCA). The optimal MgO nanostructure coating crystallizes when magnesi-
um layers are electroplated with 0.2 M of the solution for two hours at 500°C. 
The MgO-coating crystal orientation is influenced by the molarity of the so-
lution. Data from the XRD analysis are corroborated by Raman-spectroscopy 

results. Normal vibrational modes, which are compatible with the MgO struc-
ture, are visible in the acquired spectra. The study findings suggest that the 

vibrational mode of the MgO coating described in this work is affected by 

changing the solution molarity. This form may be responsible for the MgO0.2 

layer best hydrophobicity, which is caused by air trapping between the nan-
owires (fibres) to prevent water from clinging to the film. 

Key words: MgO coating, aluminium substrate, molarity, electroplating, best 

hydrophobicity, nanowires. 

У цій роботі було досліджено, як молярність розчину впливає на фізичні 
характеристики покриттів MgO. Шляхом простого термічного окиснення 
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маґнію, який був електроосаджений на алюмінійові основи, було одержа-
но стабільні тонкі плівки MgO. Зразки були досліджені методами рентґе-
нівської дифракції, Раманової спектроскопії та сканувальної електронної 
мікроскопії з використанням енергодисперсійної рентґенівської аналізи, 
профілометра. Змочуваність синтезованих плівок оцінювали шляхом мі-
ряння кута контакту між поверхнею плівок і краплею води, що осаджу-
ється. Оптимальне наноструктурне покриття MgO кристалізується під 

час ґальванічного осадження шарів маґнію 0,2 М-розчином протягом 

двох годин за температури у 500°C. На кристалічну орієнтацію покриття 

MgO впливає молярність розчину. Дані рентґеноструктурної аналізи під-
тверджуються результатами спектроскопії комбінаційного розсіяння сві-
тла. В одержаних спектрах було помітно нормальні коливні моди, сумісні 
зі структурою MgO. Результати дослідження уможливлюють припустити, 
що описана в цій роботі форма коливань покриття MgO залежить від змі-
ни молярности розчину. Ця форма може бути відповідальною за найліп-
шу гідрофобність шару MgO0.2, що зумовлена утримуванням повітря між 

нанодротами (волокнами), яке запобігає прилипанню води до плівки. 

Ключові слова: покриття MgO, алюмінійова підкладинка, молярність, 
ґальванічне покриття, найліпша гідрофобність, нанодроти. 
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1. INTRODUCTION 

Many inorganic materials have been investigated as effective anticor-
rosive coating components and corrosion inhibitors for a number of 

metallic substrates that are susceptible to environmental corrosion 

such as NaCl solution, fuel oil, simulated body fluid, and gas turbine 

environments [1]. One of the best ways to inhibit corrosion on metal 
surfaces is to form a passivation coating [2, 3]. Wettability, or the sur-
face affinity for water, is the most significant property of this coating 

material. As a measure of a surface wettability, hydrophobicity is de-
termined by its chemical composition, structure, morphology, and the 

contact angle (CA) that a liquid has with the surface. These character-
istics allow surfaces to be categorized into various domains, including 

superhydrophilic (CA = 5° in 0.5 sec), hydrophilic (CA = 90°), hydro-
phobic (CA > 90°), and superhydrophobic (CA = 150°−180°) [4−14]. 
Several materials are used in this field of application, such as ZnO 

[15−20]. Magnesium oxide (MgO) is chosen in this present work for 

deposition as a thin film on aluminium substrate due to its excellent 

physical and non-toxicology properties. Magnesium oxide thin films 

have significant application features that are generating a lot of inter-
est in science and technology [21]. These films find wide applications 

in solar cells, photodetectors, light-emitting diodes, optoelectronic de-
vices, and sensors [22, 23]. MgO exhibits exceptional band gap charac-
teristics with chemical and thermal stability [21, 22]. 



   CORRELATION BETWEEN PROPERTIES OF MgO COATING OF Al SUBSTRATE 551 

 In recent years, a number of techniques have been developed for the 

fabrication of magnesium oxide (MgO) thin films and coatings. These 

techniques include pulsed-laser deposition (PLD), magnetron sputter-
ing, electron beam evaporation, metal organic chemical vapour deposi-
tion (MOCVD), and spray pyrolysis [24−29]. Nonetheless, the choice of 

synthesis process is contingent upon the particular demands of the ap-
plication, the intended film thickness, uniformity, and surface states, 
in addition to the equipment and resources at hand. By varying the 

electrolyte composition and applied voltage, the electrodeposition ap-
proach offers appropriate and controllable methods for generating 

composite films on a variety of diverse substrates [30]. Furthermore, it 

is the most widely used and reasonably priced method of producing 

surface roughness on metal. It has been shown that water-repellent 

coatings on aluminium substrates vary in their wetting qualities, du-
rability, roughness, and anti-icing ability [31]. 
 The present work is a new one where we have investigated the impact 

of the solution molarity on the structural, morphological, and hydro-
phobic properties of MgO thin films deposited on aluminium substrate 

using a low-cost electrodeposition method without adding corrosion 

inhibitors or surface modifications, which are expensive and can lead 

to toxicity and environmental issues. 

2. EXPERIMENTAL DETAILS 

2.1. Substrate Preparation and Deposition of Thin Films  

In the current work, pure aluminium is utilized as the substrate; to 

achieve a flat shape with a thickness of roughly 2 mm, it must be me-
chanically polished using abrasive paper. Preparing for usage, the sub-
strates were cleaned using distilled water and methanol for 15 minutes 

each in ultrasonic baths. For the deposition of MgO thin films, an 

aqueous solution of 0.1 M and 0.2 M magnesium nitrate 

(Mg (NO3)2−6H2O) precursor was dissolved in distilled water. A cleaned 

aluminium substrate is used as a cathode and the platinum plate as an 

anode; both electrodes were vertically immersed in the as-prepared so-
lution and kept at a distance of 1.5 cm. A voltage of −10 V DC was ap-
plied for 15 minutes. In order to guarantee the complete oxidation of 

Mg, after deposition, the thin Mg layers were annealed at 500°C for 

2 hours. 

2.2. Characterization 

The structural properties of the as-prepared samples were determined 

using a PANALYTICAL empyrean diffractometer (XRD, λCu = 1.540 
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Å). The data from XRD were examined using X’Pert High Score soft-
ware. The Raman spectra were measured on a HORIBA LabRAM HR 

Evolution spectrometer at room temperature with a monochromatic 

light source of 473 nm. The morphological and elemental analyses were 

executed using a Field Emission Gun Scanning Electron Microscope 

(FEG-SEM, JEOL FEG JSM-7100F) equipped with an energy dispersive 

x-ray spectrometer (EDS). The measurement of the water contact angle 

(WCA (θ)) has been used to determine the surface wettability of the elab-
orated MgO thin films. A light source of the LEYBOLD type (6 V, 30 W) 
was used for lighting and projecting the drops’ image onto the sample, 
together with a projection lens that allowed the image to be magnified 

onto a transparent screen of dimensions 30×30 cm2. 

3. RESULTS AND DISCUSSIONS 

3.1. Structural Studies 

The structure of the elaborated MgO coating has been identified by x-
ray diffractometer, using the existing databases in the form of ICSD 

cards No.: 96-901-3200. The samples were analysed between 20° and 

80° diffraction angles at room temperature. The XRD spectra show the 

different diffraction peaks observed at 2θ = 38.45°, 44.66°, 65.07° and 

78.22°, which are attributed respectively to the (111), (020), (022) and 

(131) lattice planes of the MgO structure (Fig. 1), and which check the 

successful elaboration of MgO thin films. For the MgO0.1 sample, the 

 

Fig. 1. X-ray diffraction spectra of elaborated MgO thin films (the molarity of 

solution is indicated inside the figures). 
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dominant peak is (111) and with varying the solution molarity to 

0.2 M, the crystal orientation changes with the (020) peak. The sharp-
est peaks with the greatest intensities sign a good crystallinity and a 

larger grain boundary dimension [32, 33]. The migration of molecules 

onto a growing surface may provide an explanation for the observed 

link between the degree of preferred orientation and the molarity of 

the solution. It is believed that when nucleating, MgO will attain a fa-
voured orientation of (020) with a lower energy configuration. A 

change in crystallite size can also account for this difference in the an-
alysed sample peak intensities. Scherrer’s formula [34] has been ap-
plied to calculate the crystallite size of the MgO thin film, using the 

full width at half maximum (FWHM) of the highly oriented peak (020) 
located around 44.65° in the XRD spectrum (Fig. 1): 

 
0.9

cos
D

λ
=

β θ
, (1) 

where λ = 0.1540 nmx-ray wavelength, θBragg-diffraction angle, 
and βFWHM. 
 Table 1 summarizes the position of the (020) peak and estimated 

crystallite size. The obtained results reveal that the crystallite size is 

on the nanometric scale. The crystallite size decreases from 144 nm for 

the MgO0.1 thin film to 115 nm for the MgO0.2 sample. 
 Until now, the interpretation of the Raman spectrum of MgO is not 

clear, but we will try to base it on some previous results to understand 

the origin of the vibration modes appearing on the Raman spectra of 

the samples studied in this present work. It was found that the Raman 

modes of MgO compounds were dependent on their size and shape, 
while other modes were rather constant and identified as surface pho-
non modes [35]. Visweswaran et al. [36] reported that, from group the-
ory, the Raman active modes are as follow: 

 1 1 1 1 2u u a a a aT xT A E T T= + + + . (2) 

 In this work, the Raman spectra of the elaborated MgO coating are 

shown in Fig. 2. For MgO0.2, six Raman peaks appear around 137, 487, 

TABLE 1. Structural parameters of elaborated MgO thin films as a function 

of the solution molarity 

Sample 2θ020 (°) FWHM (°) 
Crystallite size 

D (nm) 
Dislocation densi-
ty δ×1014

 (line/m2) 

Lattice 

deformation 

(ε×10−3) 

MgO0.1 44.7087 0.0624 144 0.484 0.252 

MgO0.2 44.6421 0.0780 115 0.756 0.315 
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708, 784, and 1128 cm−1. The vibrational modes at 137 cm−1
 similar to 

those of ZnO named E2
low

 [19, 20], can be associated with the vibration 

of the lattice of Mg atoms. The band centred at 487 cm−1
 is designated 

E2
high

 first-order Raman modes [36]. In the spectrum of MgO, second-
order Raman bands appear around 1088 cm−1

 [37]. In this work, band 

around 708, 784, 1128 and 1300 cm−1
 may be related to the second-

order Raman modes. 

3.2. Morphological and Wettability Studies 

Different atomic rearrangement processes involved during the ther-
mal oxidation of MgO thin films obtained with different molarity on 

the aluminium substrates are responsible for the different surface 

 

 

Fig. 2. Raman spectra of the MgO thin films on aluminium substrate: 
MgO0.1 (a), MgO0.2 (b). 
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morphologies of these studied layers. 
 Figure 3 shows the micrographs obtained by the Field Emission Gun 

Scanning Electron Microscope (FEG–SEM) of these samples. It is clear-
ly appearances that the MgO0.1 film morphology is asymmetrical and 

flaky (Fig. 3, a). Hence, with the increase of the solution molarity, the 

morphology of MgO films changes. The MgO0.2 sample presents the 

nanowires (fibres), which are dispersed homogeneously and all over the 

films surface. This morphology may be responsible for the best hydro-
phobicity of the MgO0.2 layer, where air trapping between the nan-
owires (fibres) prevents water from adhering to the film. Compacted 

 

Fig. 3. FEG-SEM images of MgO thin films: MgO0.1 (inset right image shows 

the nanowires with a High-magnification, and left image shows contact angle 

of the water drops) (a), MgO0.2 (inset right image shows the nanowires with a 

High-magnification, and left image shows contact angle of the water drops) 
(b). 
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fibres that cover the MgO0.2 surface lead to a hydrophobic surface with 

a WCA of 136.93°. 

4. CONCLUSION 

In this work, we performed a study on the impact of the solution molar-
ity on the physical properties of MgO coatings. Stable MgO thin films 

were obtained by simple thermal oxidation of electrodeposited Mg on 

aluminium substrates. 
 The treatment for 2 h at 500°C of electroplating Mg layers with 

0.2 M of the solution, leads to the best crystallization of the MgO 

nanostructure coating. The solution molarity has an effect on the crys-
tal orientation of MgO coating. 
 Results from Raman spectroscopy support those from the XRD 

analysis. The obtained spectra showed normal vibrational modes that 

are consistent with the MgO structure. The study results indicate that 

increasing the solution molarity has an impact on the vibration mode 

of the MgO coating elaborated in this work. 
 The MgO0.2 layer optimal hydrophobicity, which results from air 

trapping between the nanowires (fibres) to keep water from sticking to 

the film, may be attributed to this shape. 
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