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Abstract – In the present investigation, MgZnCo ternary nanocomposites were developed via a one-step 

sonochemical technique. The nanocomposite was characterized using structural and optical methods. The 

formation of different crystalline nanocomposite phases (MgO, ZnO, and Co3O4), and a binary phase (Mg-Zn) 

has been confirmed by X-ray diffraction. Also, it was indicated that varying of Co molar ratio had an impact 

on the average sizes of the nanoparticles. SEM showed octahedron-shaped nanoparticle morphology with 

different average sizes for the nanocomposites prepared. Photoluminescence analysis showed the presence of 

green and ultraviolet emissions, with green luminescence bands being most often observed. with the intention 

of discovering samples with suitable structural and optical properties for future solid hydrogen storage 

applications. 
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1. Introduction  

Magnesium oxide (MgO), Zinc oxide (ZnO), and 

cobalt oxide (Co3O4) are the three vital TMOs 

widely reported for a variety of applications such as 

photocatalysis, biosensors, batteries, solar cells, 

supercapacitors, hydrogen storage, etc. Owing to 

their physiochemical and electrocatalytic properties 

such as the higher surface to volume ratio, chemical 

stability, structural properties, non-toxicity, etc. [1-

2-3]. In most studies, the synthesis of this complexes 

were reported via Sol-gel method, co-precipitation 

method, and the hydrothermal method  [1-4-5]. 

These conventional techniques typically necessitate 

prolonged exposure to high pressure or 

temperatures, which can be challenging. 

Fortunately, the utilization of sonochemistry can 

provide a solution to these issues, the utilization of 

this approach has gained significant importance as a 
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means to achieve consistent size and morphology 

for a variety of nanostructures during synthesis [6]. 

In storage application, storage of hydrogen in metal 

hydrides, emerges as a prospective approach for 

addressing the problems of hydrogen storage  [7]. 

As supported by previous studies, structural 

properties, including grain size, can affect the 

storage capacity of hydrogen, with small grains 

having better absorption and desorption of hydrogen 

than large ones [8-9].   

This research focused on synthesis of ternary metal 

oxide nanocomposites based on Mg, Zn and Co by 

the sonochemical method, and investigating the 

effect of Co molar ratio on the phase composition 

and morphology of this compound. for achieving 

enhanced hydrogen storage structural and optical 

properties and elucidating the underlying 

mechanisms responsible for the observed changes.  

2. Synthesis method 

In this study, a one-pot synthesis of Mg-Zn-Co 

ternary was conducted using the sonochemical 

method. Magnesium chloride (MgCl2·6H2O), zinc 

chloride (ZnCl2), and cobalt (II) chloride 

hexahydrate (CoCl2·6H2O) were utilized as the 

starting materials in molar ratio of 1:1:1. These were 

dispersed in deionized water, and the mixture is 

stirred by a magnetic stirrer for 30 min under a 

temperature of 60 °C. To complete the reaction 

mechanism, the solution is sonicated for 15 min at 

20 kHz of frequency and 1500 W, and the mixture 

is dried for 48 h of 110 °C of temperature to form a 

powder and to remove water molecules. Finally, the 

dried powder is calcinated for 2 h in a muffle 

furnace at 550 °C to obtain the desired Mg-Zn-Co 

nanocomposite oxide powder. Following the same 

experimental protocol for S2 and S3, with molar 

rations of 1:1:2 and 1:1:3, respectively. 

 

 

Figure 1. Process diagram for Mg-Zn-Co nanoparticle oxide 

synthesis by the sonochemical method 
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3. Results and discussion  

3.1 XRD Results   

Figure 2 shows the X-ray diffraction (XRD) 

spectra of the prepared nanocomposites 

containing Mg, Zn, and Co. The XRD analysis 

aims to control the characteristics of 

crystallography and to obtain the final 

composition of the studied nanocomposites. XRD 

spectra depict several peaks indicating the 

evidence of multiphase structure. The XRD 

results reveal mainly two multiphase structures: 

(1) three metal-oxide structures (MgO, ZnO and 

Co3O4) and (2) one binary structure (Mg-Zn). 

Peaks at 2θ = 37.2°, 43.2°, 62.4°, and 78.8° are 

attributed to a single-phase cubic system of MgO, 

corresponding respectively to the (111), (200), 

(220), and (222) plans (JCPDS database card 

number 75-1525). 

 

Figure 2. XRD graphs for the investigated nanocomposite 

samples. 

Furthermore, the XRD pattern reveals the presence 

of ZnO nanoparticles belonging to the hexagonal 

wurtzite structure at 2θ = 31.5°, 34.7°, 36.6°, 56.9°, 

and 68.2°, which correspond to the plans (100), 

(002), (101), (110), and (112), respectively (JCPDS 

database card numbers 75-1526 and 74-0534). For 

the Co3O4 structure (cubic), it is identified by peaks 

appearing at 2θ = 19.1°, 31.4°, 38.8°, 45.1°, 55.9°, 

59.6°, and 65.4° which are indexed to the plans 

(111), (220), (222), (400), (422), (511) and (440), 
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respectively (JCPDS database card numbers 74-

1656 and 80-1537). Concerning the metal-metal 

structure (Mg-Zn), Mg7Zn3 phase is detected at 2θ = 

33.4° and 51.8° which are indexed to the plans (521) 

and (800) respectively (JCPDS database card 

number 08-0269). 

The crystallite size of Mg-Zn-Co nanocomposites 

oxide was determined by using the Scherer equation 

(1) given below [10]: 

𝐷 =
𝐾𝜆

𝛽𝐶𝑂𝑆𝜃
 

(1) 

Where D id the crystallite size, K is a dimensionless 

ship factor (0.9), 𝜆 is the X-ray wavelength 

(1.5406), 𝜃 is the Bragg angle, and 𝛽 is the full 

width at half maximum intensity (FWHM). 

 

Figure 3. Grain size variation as function of Co 

concentration. 

Experimental observations, indicate that an increase 

in the number of cobalt moles in the solution 

resulted in a significant reduction in the grain size 

of the granules compared to the initial sample, 

which contained an equal amount of materials (Mg-

Zn-Co), 1:1:1. This phenomenon can be attributed 

to grain boundary pinning, a widely recognized 

mechanism for grain refinement. Grain boundary 

pinning involves introducing of grains, resulting in 

smaller grain sizes [11-12]. In the present work, the 

addition of Co to Mg-Zn induces a substantial grain 

refinement effect, where the average grain size 

decreases as the cobalt content increases [13]. The 

hydrogen storage properties discovered in research 

that with small grains have a better absorption and 

desorption of hydrogen than large ones. 

3.2. SEM analysis  

SEM micrographs for the ternary samples are given 

by Figure 4. The micrographs show two different 

shapes, octahedral and spherical shapes, with 

octahedral shape dominance. The octahedral shape 

is formed by the arrangement of metal and oxygen 

atoms in specific way. There are six oxygen atoms 

located at the corners of an octahedron, and a metal 

atom at the center of the octahedron [14]. The 

appearance of this morphology is explained by the 

fact that the two dominating crystal structure in 

samples are Co3O4 and MgO [15-16],which have 

the highest molar fraction comparing to ZnO phase. 

It is also promoted when the starting solution pH is 

low, which is the case for all synthetised samples 

[17]. The observed particles were conglomerated, 
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hindering of their relative size, this is attributed to 

nucleation and crystal growth phenomena occurring 

during thermal processing [18].  It is hypothesized 

that the reaction temperature during the onset of 

nucleation governs the resulting particle size. 

   

Figure 4. SEM images for the studied nanocomposite 

samples 

The EDS results are depicted in Figure 5 which 

demonstrate the atomic % values of Mg, Zn, Co and 

O Elements. The results show that the Zn % is very 

low compared to those of cobalt, implying that Co 

exhibits a more favorable diffusion behavior.  

 

Figure 4. EDS results for the studied nanocomposite 

samples 

 

3.3.Photoluminescence spectroscopy analysis 

The photoluminescence of ternary nanocomopsites 

samples was exhibited in Figure 5, with an 

excitation wavelength of 325 nm. The emission 

spectra reveal a different luminescence performance 

from one sample to another. The PL spectrum of the 

reference S1, presents two emission bands. The first 

is around 388 nm, which is attributed to excitation 

emission between an electron close to the 

conduction band and a hole in the valence band 

(ultraviolet emission).  The second is a large band of 

high intensity that included to the green, is located 

at 510 nm. The green luminescence band is related 

to oxygen vacancies.[19] 

 It can be observed that the UV and barycenter 

(Green) emissions are shifted from 388 to 414 nm 

which contains more Co ions.  

Also, as S2 and S3 with high molar fraction of 

cobalt show the green emission  at 554 nm for S4, 

shifted at 584 for S5 related to O2- →Co3+ charge 

transfer [20]. And the peaks located at around 600 

nm correspond to the yellow emission [21]. 

In the photoluminescence spectra of the samples, it 

is discovered that nanostructure defects 

considerably contribute to the studied green 

emission bands. The hydrogen storage properties 

discovered in research show that higher hydrogen 

absorption is caused by nanostructures defects [22].  
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Figure 5. Photoluminescence spectra of the studied nanocomposite samples 

4. Conclusion 

The objectives of this work are twofold. Firstly, to 

synthesize MgZnCo ternary mixed metal oxide 

using the sonochemical method. And secondly, to 

investigate the impact of Co molar ratio on the 

properties of the samples and determine their 

optimal structural and optical proprieties of solid 

hydrogen storage. The nanocomposites obtained 

were characterized using: XRD diffraction 

confirmed that the samples had a complex 

crystalline structure consisting of various crystalline 

phases of different compositions, including MgO, 

Co3O4, ZnO, and Mg-Zn phases. Also, it was 

indicated that varying of Co molar ratio had an 

impact on the average sizes of the nanoparticles. 

SEM micrographs showed the octahedron shape 

morphology of the simples with different average 

size. The photoluminescence analysis included the 

optical information about the synthesised samples 

such as; energy levels and defect stats. The results 

show the green, and ultra violet emission. In which, 

the green luminescence bands were most often 

observed compared to the others. Based on the 

results obtained from this study, it can be concluded 

that certain samples (S2, and S3), in terms of their 

structure, morphology, and optical properties, 

exhibit promising potential for hydrogen storage 

applications. 
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