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Abstract 

This paper reports the prototype fabrication and characterization of microstrip patch antenna 
using the sol-gel derived composite nanoparticles of vanadium pentoxide oxide (V2O5) 
and zinc aluminate (ZnAl2O4). The prepared composite nanoparticles were characterized 
using X-ray diffraction (XRD), which exhibited the dominant peaks of ZnAl2O4 and V2O5. The 
crystallite size of the nanoparticles was estimated to be 16 nm. The sample was also studied 
using the Fourier transform infrared spectroscopy (FTIR), field-emission scanning electron 
microscopy (FESEM), and energy dispersive spectroscopy (EDS) to examine the functional 
groups morphology and elemental composition present in the composite nanoparticles. Further, 
these nanoparticles were employed in fabricating the prototype microstrip patch antenna to 
evaluate its characteristics. The fabricated antenna showed its return loss of -17.13 dB at a 
resonant frequency of 4.64 GHz.     
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1. Introduction

Dielectric microstrip antennas have received much interest in recent microwave communications 
because of their small size, better radiation efficiency, and ease of excitation. A microstrip 
antenna material should have the following properties: i) a high Q-factor to achieve better 
radiation efficiency (ii) reasonably a large dielectric constant as it felicitates in a small 
dimension of the antenna and (iii) zero temperature coefficient of resonant frequency (Li et al., 
2018; Jimago et al., 2020; Tachafine et al., 2021). Wireless communication has become a need in 
occurs day to day life. This communication method is comparable to wired communication 
networks in terms of data rate and service quality. As technology advances, wireless 
communication systems must incorporate new functionalities and more components. 
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Zinc aluminate (ZnAl2O4) is a spinel group material that has been investigated and attracted 
the interest of researchers. This is due to their distinct features, which allow them to be widely 
used as catalyst support, ceramic material, electrical and optical materials (Kolthoum et al., 2019; 
Khasan et al., 2017; Chaudhary et al., 2018; Mane et al., 2020; Sommer et al., 2020). Aluminum 
spinel has good thermal stability, a high mechanical resistance, and minimal surface acidity (Kim 
et al., 2019). This material can be employed as a catalyst and a carrier for active metals (Younis 
et al., 2021). The cubic cell of ZnAl2O4 comprises 32 tightly packed oxygen atoms with cations in 
tetrahedral and octahedral interstices. Divalent cations occupy tetrahedral positions in typical 
spinel structures (Santos et al., 2017; Wu et al., 2011). ZnAl2O4 material is commonly utilized as 
microwave dielectric ceramics, where it has the potential for the future study focused on 
microwave applications (Akkika et al., 2020). Further, the properties of ZnAl2O4 can be 
manipulated by doping or adding desired elements for specific applications. The combination of 
ZnAl2O4 and V2O5 can facilitate the alteration of various properties. The combination of Vanadium 
oxide is a phase transition material with many valences. Its oxide has valence states of 2+, 3+, 4+, 
5+, etc., as well as various intermediate oxide states. The phase transition temperature of each 
variation differs. Despite various synthesis methods such as solid-state and co-precipitate, the sol-
gel method is well established to synthesize doped or composite nanoparticles (Mishra et al., 2018; 
Dwiwedi et al., 2017; Priya et al., 2020; Tangchareon et al., 2019).  At a low-temperature process, 
one can produce fine, and impurity-free particles (Rahman et al., 2015). Wang et al. (2009) 
employed the (1−x)(0.79ZnAl2O4-0.21Mg2TiO4)-xSrTiO3 composite material in fabricating the 
microstrip patch antenna. The fabricated patch antenna showed its resonant frequency of 1.575 
GHz with VSWR less than 2. Naidu et al. (2012) used the magnesium ferrite doped with double 
Samarium (Sm) and Dysprosium (Dy) for fabricating the microstrip patch antenna. The efficiency 
of the patch antenna was noticed to be 69.82 at frequency 14.9 GHz, which its gain of about 5.73 
dB. Rahman et al. (2015) studied the patch antenna prepared using the ZnAl2O4 nanoparticles 
prepared by the sol-gel technique. They studied the antenna's performance and claimed its return 
loss of -25.4 dB at the resonant frequency of 12.78 GHz, having a bandwidth of 760 MHz. Further, 
they explored the application of the prepared antenna in X-band communication. Wu et al. (2011) 
prepared the dielectric ceramics of ZnAl2O4, TiO2, and MgTiO3 using gel casting. They prepared 
nanoparticles that exhibited their dielectric permittivity in the range from 11.75-12.25 and 
employed them to fabricate the GPS patch antenna, demonstrating its resonant frequency at 1.75 
GHz. Wee et al. (2012) reported the fabrication of 2, 4, 6-element arrays of the barium strontium 
titanate (BST) based microstrip patch antennas. They reported the 6-element BST array antenna's 
enhanced gain compared to the 4-element BST antenna and suggested their applications in Wi-
MAX and WLAN communications.   

This work reports the synthesis of composite nanoparticles of 0.1V2O5-0.9ZnAl2O4 using the 
sol-gel process. The prepared nanoparticles were employed to fabricate the microstrip patch 
antenna, and performance was evaluated. Section 2 presents the materials and methods of the 
synthesis process, and the characterized results are discussed in Section 3. At last, Section 4 
concludes the work. 
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2. Materials and Methods

Vanadium pentoxide (V2O5) (LR grade), Zinc acetate (CH3COO)2Zn2H2O (AR) (Lobychem), 
aluminum nitrate nonahydrate (Al2(NO3)3.9H2O, (Sigma Aldrich), ethanol (C2H5OH, Sigma 
Aldrich), ethylene glycol (EG, AR grade) and nitric acid (HNO3)  (AR)  were used with any further 
purification. 

For preparing the composite nanoparticles of xV2O5(1-x)ZnAl2O4, the molar concentration 
x=0.1 was chosen. Initially, 37.5 gm Al2(NO3)3.9H2O was dissolved in 100 ml ethanol under 
constant stirring. After this, 1 ml of ethanediol was added to the above solution and stirred for 5 
minutes. Subsequently, 1 gm and 16.53 gm of V2O5 powder and (CH3COO)2Zn2H2O were added 
to the above solution. The stirring was maintained at a temperature of 75 ᴼC for 60 min. Later, 0.6 
ml HNO3 was added to get the homogeneous solution. After obtaining the transparent solution of 
0.1V2O5-0.9ZnAl2O4, it was kept for drying to get powder. Finally, the prepared powder was 
calcined at a temperature of 800 ᴼC for 1 hr and ground to obtain a fine powder.              

3. Results and Discussion

Figure 1 depicts the XRD pattern of prepared 0.1V2O5-0.9ZnAl2O4 composite nanoparticles 
calcinated at 800 °C for 1 hr, showing the polycrystalline phase. The peaks regarded the ZnAl2O4 
crystal structure, which indicated the typical face-centered cubic shape and was found inconsistent 
with the reported work (Ding et al., 2017; Dubey et al., 2020; Siragam et al., 2020). The XRD 
pattern shows the dominant peaks of ZnAl2O4 at 2Ɵ= 31.26°, 35.02, 37.09°, 44.98°, 49.29°, 
55.93°, 59.57°, 65.38°, 74.30° and 77.57° corresponding to the planes (220), (101), (311), (400), 
(311), (422), (511), (440), (620) and (533) which shows matching with the JCPDS card No. 00-
005-0669.

Fig. 1. XRD pattern of 0.1V2O5-0.9ZnAl2O4 composite nanoparticles. 
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Furthermore, V2O5 peaks were noticed at 2θ=16.86°, 19.06°, 21.55°, 26.11°, and 33.78° 
corresponding to the planes (200), (001), (101), (110) and (301), respectively. These diffraction 
peaks were found in good matching with the ICPDS file 98-000-6037 and well-matched with the 
previous works (Chan et al., 2014)[23]. The crystallite size of the 0.1V2O5-0.9ZnAl2O4 sample 
was estimated to be 16 nm as calculated by using Scherrer's equation.  

Fig. 2. FTIR spectra of 0.9ZnAl2O40.1V2O5  composite nanoparticles. 

FTIR investigation was done to know the functional groups in the prepared nanoparticles. Figure 
2 depicts the FTIR spectrum of the composite nanoparticles plotted in the range 2500-400 cm-1. 
The FTIR transmittance peak associated at wavenumbers 470, 586 cm-1 are ascribed to the V2O5, 
V2O3 bands (Fatmeh et al., 2011;). A peak observed at 509 cm-1 corresponds to the stretching 
vibration of ZnAl2O4. Further, the peaks aligned at 548 and 656 cm-1 are regarded as ZnO's 
stretching vibrations and AlO (Muhmmad et al., 2011). Another peak originated at 1621 cm-1 is 
associated with the stretching vibrations of O-H, i.e., related to H2O molecules. We can also notice 
the O-O band vibration peak at 2348 cm-1 related to the FCC crystal lattice of O2 atoms (Henam 
et al., 2021). 

Figure 3 (a) depicts the SEM morphology of the 0.1V2O5-0.9ZnAl2O4 particles, which 
shows the formation of agglomerated spherical composite nanoparticles. The mean diameter of 
nanoparticles was observed to be 21 nm. EDS spectroscopy was carried out to know the presence 
of constituting elements present in the prepared sample. Figure 3(b) chooses the spectrum, which 
reveals the elemental compositions of Zn, Al, O, and V at 1.5, 1, 0.5, and 5 KeV, respectively.  

We have fabricated the prototype of a microstrip patch antenna using the prepared 
composite nanoparticles, which were cast on the FTO substrate. Later, the silver coating was done 
on both sides of the FTO for the contacts.  The co-axial SMA connector was connected to complete 
the fabrication of the microstrip patch antenna.  
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Fig. 3. (a) SEM morphology of 0.1V2O5-0.9ZnAl2O4  (b) EDS spectrum. 

Figure 4 depicts the return loss (RL) from 3-6 GHz of the fabricated antennas with respect to the 
operating frequency. We can notice the return loss of -17.13 dB at the resonant frequency of 4.64 
GHz. In a similar work, Thirumanathan et al. (2016) reported the performance of a patch antenna 
made up of Bi4Ti3O12 composite metal and claimed its return loss of -4.95 dB at resonant frequency 
2.45 GHz for wireless communication applications. Our microstrip patch antenna based on 
0.1V2O5-0.9ZnAl2O4 composite nanoparticles evidenced the better return loss. Therefore, it was 
found suitable in C-band communication. To the best of our knowledge, no such work of 
microstrip patch antenna based on V2O5-ZnAl2O4 has been reported. The inset of figure 4 shows 
the digital picture of the microstrip patch antenna with its dimension 2.5×1.5 cm2. 

Fig. 4. Return loss of 0.1V2O5-0.9ZnAl2O4 microstrip patch antenna. 

(a) (b) 
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The voltage standing wave ratio (VSWR) value is directly connected to the maximum power 
transmitted from the transmitter to receiving antenna in an ideal condition. This occurs only when 
the input impedance is matched to the transmitting antenna impedance. We can calculate the 
VSWR value using the expression  VSWR =
V!"# V!$% = (1 + |ρ|) (1 − |ρ|) = (1 + S&&) (1 − S&&).⁄⁄⁄  Accordingly, we have plotted the 
obtained VSWR values and reflection coefficient as shown in figure 5 as the reflected and 
forwarded powers of microstrip patch antenna were 1.92% and 98.07%, respectively. 

At the resonant frequency of 4.64 GHz, the VSWR value of the microstrip patch antenna 
was found to be 1.32. In general, VSWR affects the reflection coefficient of the antenna under the 
test, and a larger ratio (Vmax/Vmin) implies a severe mismatch rather than a perfect matching (i.e., 
1:1 ratio). The maximum and minimum amplitudes of the standing wave cause this 
match/mismatch. The obtained VSWR value is less than 2, favorable to a better return loss, as 
depicted in figure 5 (left axis). The microstrip patch antenna's reflection coefficient was 0.13, as 
shown in figure 5 (right axis). Finally, the estimated antenna’s mismatch loss was 0.083 dB, 
whereas the reflected and forwarded powers of the microstrip patch antenna were 1.92% and 
98.07%, respectively. 

 

Fig. 5. VSWR & Reflection coefficient of 0.1V2O5-0.9ZnAl2O4 microstrip patch antenna. 

4. Conclusions 
 

Synthesis of 0.1V2O5-0.9ZnAl2O4 composite nanoparticles prepared by the sol-gel method is 
presented and analyzed. XRD pattern revealed the preparation of crystalline nanoparticles with 
their crystallite size of 16 nm. The presence of diffraction peaks of V2O5 and the dominant peak 
of ZnAl2O4 confirmed the synthesis of composite nanoparticles. The FTIR investigation evidenced 
various vibration peaks related to the functional groups. The FESEM micrograph confirmed the 
growth of the agglomerated spherical nanoparticles having theirs mean diameter of 21 nm. The 
EDX spectroscopy also affirmed the presence of Al, Zn, O, and V at 1.5, 1, 0.5, and 5 KeV, 
respectively. Further, we have fabricated the microstrip patch antenna, which demonstrated the 
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return loss of -17.13 dB at the resonant frequency 4.64 GHz, while the VSWR value was observed 
to be less than 2. The performance of the microstrip patch antenna based on 0.1V2O5-0.9ZnAl2O4 
composite nanoparticles signify the applications in C-band communication. 
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