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Abstract — Nanocomposites based on magnesium (Mg), Zinc (Zn), and cobalt (Co) were synthesized using
sonochemical and hydrothermal techniques. The structural properties of the nanocomposites were investigated.
X-ray diffraction analysis revealed that the nanocomposites synthesized via the sonochemical method exhibited
a complex crystalline structure comprising various crystalline phases: MgO, ZnO, Co304, and the binary phase
Mg-Zn. In contrast, the nanocomposites obtained through the hydrothermal method showed only three phases:
MgO, ZnO, and Co30a. Furthermore, each exhibits distinct crystallite sizes. Scanning Electron Microscopy
(SEM) was employed to examine the nanoparticle morphology, revealing octahedron-shaped nanoparticles
with different average sizes for the nanocomposites obtained through the sonochemical method, while the
hydrothermal method resulted in a mixture of rod and sheet morphologies with varying average sizes.
Additionally, Fourier Transform Infrared Spectroscopy (FTIR) was utilized for sample characterization,

revealing the presence of different functional groups in the nanocomposites.
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1. Introduction by the properties of their constituent parts but also

i . - . by their structural structure and the way they interact
The synthesis of nanocomposites within the field of y y ey

. . with each other. As a result, nanocomposites
nanotechnology has attracted considerable interest

) . . . romise to open up new applications in a wide range
due to their potential value in a variety of P pentp PP g

. . of files, including the reinforcement of
applications such as gas sensors [1], supercapacitor

. . hanicall lightweigh , th
application [2], photocatalytic activities [3], and mechanically robust lightweight components, the

. . ipulati -li ical ies, th
hydrogen storage application [4]. The properties of manipulation on nano-linear optical properties, the

. . . . enhancement of battery cathodes, the fabrication of
their constituent materials are determined not only
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advanced sensors, and other complex systems [1-5-
6].
synthesis and advanced research, the choice of

In the field of materials nanocomposites

fabrication process is critical in defining the final
properties and uses of synthesized materials.
Sonochemical and hydrothermal processes have
emerged in recent decades as prominent approaches
to the synthesis of various materials due to their
unique ability to control morphology, crystallinity,
and other physicochemical [4-7]. Ultrasound is used
in the sonochemical process to induce large pressure
fluctuations in liquids. Bubbles form and collapse
rapidly, creating high temperatures and pressures at
microscale hotspots. This generates reactive species
and accelerates chemical processes [8]. In addition,
the hydrothermal approach involves the properties
of water by using high temperature and pressures. In
interacts with

sealed vessels, it dissolves and

materials. The altered conditions allow novel
reactions and the controlled precipitation of

nanoparticles or crystals [9].

The main objective of this research is to synthesize
nanocomposites based on Mg, Zn, and Co using
simple,

rapid sonochemical and hydrothermal

methods. Also, to compare the physical properties
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of samples prepared by these two different
techniques and to elucidate the influence of the
synthesis modality on the resulting phases, particle
size, and morphological properties.

2. Experimental
2.1. Synthesis Methods
2.1.1. Sonochemical method

In one pot, a mixture of the three chemical

precursors: magnesium chloride hexahydrate
((MgCl2).6H20), zinc chloride (ZnClI2), and cobalt
(1) chloride hexahydrate ((CoCl2).6H20) was
dissolved in deionized water with a molarity ratio of
1:1:1. The mixture is then stirred for 30 minutes
with a magnetic stirrer at a temperature of 60 °C.
The solution is sonicated for 15 minutes at a
frequency of 20 KHz and an acoustic power of 1500
W to finish the reaction mechanism and guarantee
high mixture homogeneity. After that, the mixture is
dried for 48 hours at a temperature of 110 °C, turn it
into powder and get rid of the water molecules. The
dried powder is then calcined for a final 2 hours at
550 °C in a muffle furnace to form the Mg-Zn-Co
nanoparticles. The synthesis method is summarized

in Figure 1.



Molar ratio 1:1:1

Stirring in Deionized
water for 30 min
T=60°C

ZnCl,

CoCl,-6H,0

Ultra sonic wrradiation

1500W-15min

Heating 110°C - 24h

Calcination 550°C — 2h

Nanoparticles product

Fig. 1. Process diagram for Mg-Zn-Co nanoparticle synthesis by the sonochemical method (S1)

2.1.2 Hydrothermal method

The Mg-Zn-Co ternary nanocomposites were
created in a single pot using the hydrothermal
method. Starting materials include magnesium
acetate tetrahydrate (Mg(CH3COOQ).4H,0), zinc
acetate dihydrate (Zn(CH3COO)..2H20), and cobalt
acetate tetrahydrate (2Co(CH3COO).4H20). These
were mixed with deionized water, and Sodium
hydroxide was used to bring the pH of the reaction

up to 10. A Teflon-lined stainless steel autoclave
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was used to react the resulting mixture for 24 hours
at 180 °C after stirring it for 30 minutes at room
temperature. To create the desired Mg-Zn-Co
nanocomposites powder, the resulting powder was
cooled, washed with ethanol and deionized water,
and dried at 60 °C for 12 hours to form Mg-Zn-Co
nanoparticles. The synthesis method is summarized

in Fig. 2.



Mg(CH;C00).4H,0

Zn(CH,C00),.2H,0

Co(CH,CO0).4H,0

Molar ratio 1:1:1

Stirring in Deionized
water for 30 min

Addition of hydroxide
sodium : pH =10

Heating 180 °C for 24h

Transferred to S.S.

autoclave

centrifuge

Drying 60 °C for 12h

Nanoparticles product

Fig. 2. Process diagram for Mg-Zn-Co nanoparticle synthesis by the hydrothermal method (S2)

2.2. Characterization methods

The structural characteristics of the samples were
investigated using the following techniques: X-ray
(XRD) (XPERT-PRO

diffractometer) was carried out to investigate the

diffraction analysis
variation of valance and conduction bonds in the
ternary samples. The analysis conditions were fixed
at 45 KV and 40 Ma IN THE 26 range of 10-80 cm’
! with CuKa radiation (1.5405 A) and at a
temperature of 25 °C. To complete the XRD
analysis, the morphology of the investigated
samples was studied using a scanning electron
microscope (SEM, ZEISS Gemini 300, Germany).
An energy dispersive spectrometer (EDS, ZEISS

Gemini 300, Germany) was used for elemental
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analysis of the sample. A Jasco FT/130 IR-6300
instrument (Jasco Analytical Instruments, Easton,
MD, USA) was used for FT-IR spectroscopy
measurements to identify the functional group. The
investigation was carried out in the frequency range
of 400-4000 cm™ with a resolution of 4 cm-1. The
scan speed was 2 mm/S, and ATR technique was
used with a TGS detector.

3. Results and discussion
3.1. XRD results

Figure 3 shows the spectra resulting from the XRD
analysis of the samples. The data indicate the
formation of three metal-oxide phases: magnesium
oxide (MgO), zinc oxide (ZnO), and cobalt oxide

(Co304) in the two samples. In addition, a second



metal-metal: Mg-Zn phase was observed, which
was manifested during sample synthesis by the

sonochemical method.
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Fig. 3. XRD pattern for the investigated nanocomposite samples synthesized

The MgO phases were characterized by peaks at 20
= 37.1°, 43.1°, 62.4°, and 78.75°, corresponding
respectively to the (111), (200), (220), and (222)
planes of a single-phase cubic system (JCPDS
database card number 087-0653). The Co304 phase
(cubic) was identified by peaks appearing at 20 =
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31.5°, 38.8°, 45.2°, 50.9° ,55.9°, 59.7°, 65.6°, and
69.35°, which were indexed to the (220), (222),
(400), (331), (422), (511), (440), and (442) planes,
respectively. (JCPDS database card number 74-
1656). The XRD pattern also revealed the presence
of ZnO nanocomposites belonging to the hexagonal



structure, characterized by peaks at 20 = 32.1°,
34.7°, 36.5°, 47.7, 56.9°, 63.1°, 68.2°, and 69.3°,
corresponding to the (100), (002), (101), (102),
(110), (103), (112), and (201) planes, respectively.
(JCPDS database card number 75-1565). Finally,
the metal-metal phase, which was the Mg7Zn3 phase
located at 20 = 16.4°, 19.4°, 33.4°, 51.1°, and 53.3°,
was indexed to the (220), (310), (332), (521), (800),
and (653) planes, respectively. (JCPDS database
card number 08-0269).

It should also be noted that the observed spectrum

shows another difference in orientation between the

Where D is the crystallite size, K is a
dimensionless ship factor (0.9), A is the X-ray

sono prepared sample with MgO, marked by the
dominant peak at (200) plan in the spectrum, and the
hydrothermally prepared sample with ZnO, with a
pronounced peak at (101) plan. These variations in
peak positions indicate contrasting crystallographic
orientations and crystalline structures between the

two samples preparation methods.

The crystallite size of Mg-Zn-Co nanocomposites
oxide was determined by using the Scherer
equation (1) given below [10]:

KA

_ 1)
b= BCOSH

wavelength (1.5406), 6 is the Bragg angle, and g is
the full width at half maximum intensity (FWHM).

Table. 1. Average crystallite size of the synthesized samples

Crystallite size

Samples

S1

S2

D (nm)

46.88

42.33

The determined crystallite sizes for the samples are
presented in Table 1. It is observed that the
crystallites obtained have nanoscale dimensions.
However, a slight difference is observed in the

crystallite size between the sample prepared through

3.2 SEM analysis

Figure 4 shows the micrographs of the prepared

which show clear
The

sample shows octahedral shapes and morphology of

samples, morphological

differences. sonochemically  synthesized
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the hydrothermal method and that obtained through
the the
method vyields slightly smaller

sonochemical method. Specifically,
hydrothermal
crystallite sizes compared to the sonochemical

method.

different sizes with all the phases mentioned above
(XRD) [11-12-13]. This shape results from the
coordination of the metal cations and oxygen
anions. An octahedral structure consists of six

oxygen atoms at the vertices, with a central metal



atom occupying the center [14]. When the pH of the The acidic pH was maintained without the inclusion

starting solution is acidic [12]. This phenomenon is of catalysts to facilitate its rise.

(S1) o (S2)

Fig. 4. SEM micrographs of the studied nanocomposites

Conversely, the hydrothermally synthesized sample hexagonal crystal structure of the ZnO phase [15].
shows a combination of rod and sheet structures. While the sheet structures correspond to the Co304

Apparently, the rod structure corresponds to the and MgO phases [16-17].
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Fig. 5. Histogram representation of the grain distribution of the synthesized samples

the histogram (Fig. 5) followed the same variation two samples.
as the crystallite size (Table 1). The results indicate
S1 70
501 s2)
60
40 50
£ L 404
S 30 E
< <50
204
204
10 4 10
0 T T T T 0 T T T T
Mg Zn Co 0 Mg Zn Co 0
Element Element

Fig. 6. EDC results for the synthesized samples

Figure 6 shows the EDS results of the samples Zn, Co, and O). Although an equal molar ratio

analyzed, providing insight into the variations in the (1:1:1) of these three atoms was used during sample
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the relative percentages of Co and Mg, with their
percentages being greater in the sonar-prepared
sample than in the hydrothermal-prepared sample.
The logical reason for this difference is that
ultrasound had a more pronounced effect on the size
and agglomeration of these materials. In contrast,

the percentage of Zn shows an inverse trend.

3.3 FTIR Spectroscopy analysis
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It is also noteworthy that the proportion of Co has a
higher affinity for diffusion compared to Mg and Zn
in two samples. This discrepancy indicates that Co
has a greater affinity for diffusion compared to Mg
and Zn, suggesting a greater tendency to migrate

within the samples.
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Fig. 7. FTIR spectrum for the synthesized samples

Figure 7 demonstrates the FTIR spectrum of

nanocomposites with  distinctive

prepared,
absorption bands indicative of common chemical
constituents between the materials. The stretching
and bending vibrations of the adsorbed water
molecules are represented by spectral features
centered on wave numbers 1620 cm™ and 2330 —
2360 cm™ [18]. Furthermore, the presence of carbon
dioxide, can be linked to the observed peaks within

the same wavenumber range at 2330 — 2360 cm™
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[19-20]. Within the 400-800 Cm™ spectral region
recognized for metal-oxygen (M-O) vibrations,
unique peaks at 467 cm™ , 494 cm, and 580 cm*
are detected as indicative of Zn-O, Mg-O and Co3+-
O interactions, respectively [21-22-23], within the
sonochemically prepared nanocomposites.
Furthermore, significant peaks at 664 cm™ , 760 cm
1 and 926 cm™ correspond to the Co2+-O, Mg-O
and Zn-O vibrational modes, respectively [23-24-

25].



Conclusion

The nanocomposites based on Mg, Zn, and Co were
prepared by sonochemical and hydrothermal
methods, and the nanocomposites obtained were
XRD

diffraction confirms the formation of crystalline

characterized by structural methods.
nanocomposite phases corresponding to MgO, ZnQO,
and Co304 in both simples, in addition to the
MgzZns phase manifested in the sample prepared by
the sonochemical method, with a convergence in
crystallite size between the samples. SEM showed
the octahedral shape of the surface, which was
different from those obtained by the hydrothermal
method, which showed a combination of rod and
sheet structures. Finally, FTIR provided information
on the functional groups and chemical bands present

in the samples.

The results of this research show that the synthesis
method plays a key role in determining the
properties of nanocomposites. Factors such as
stirring time, reaction temperature, calcination
temperature, and pH were found to have a
significant influence on the properties of the
samples. This study provides valuable insights into
tailoring the properties of nanocomposites by
controlling the synthesis parameters and highlights
the importance of selecting the appropriate method
to achieve the desired properties in the final

materials for each application.
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