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Abstract  
   This paper reports on the fabrication of Fe3O4/MWCNT/ZnO nanocomposites (NCs) using natural iron 

sand as the primary precursor for radar absorbing materials. The addition of ZnO nanoparticles (NPs) 

was carried out to enhance the radar absorption performance of Fe3O4/MWCNT/ZnO NCs by improving 

their impedance. The X-ray diffraction patterns of Fe3O4/MWCNT/ZnO NCs demonstrated the inverse 

spinel cubic and hexagonal wurtzite structures for Fe3O4 NPs and ZnO NPs, respectively. The infrared 

spectra showed the presence of C=C, Fe-O, and Zn-O functional groups, which exhibited characteristics 

of MWCNT, Fe3O4, and ZnO, respectively. Such results were also confirmed by the results of energy 

dispersive X-ray investigation showing elements C, O, Fe, and Zn. The Fe3O4/MWCNT/ZnO NCs with 

superparamagnetic character decreased their saturation magnetization values due to the increasing ZnO 

NPs composition. Based on the optical data analysis, the bandgap energy of Fe3O4/MWCNT/ZnO NCs 

increased from 2.242 to 3.533 eV as the increasing ZnO NPs. Interestingly, the Fe3O4/MWCNT/ZnO NCs 

had a very high radar-absorbing performance ranging from 90%–99%  with an optimum reflection loss 

of –34.2 dB at a frequency of 11.8 GHz. Thus, it implies that the Fe3O4/MWCNT/ZnO NCs provide a 

great opportunity as new material for developing radar-absorbing applications. Furthermore, the use of 

iron sand, which is economical and abundant in nature, has a very promising potential for producing 

large-scale antiradar materials. 

Keywords: Fe3O4/MWCNT/ZnO, Natural iron sand, Nanocomposite, Radar absorbing material, 

Reflection loss. 

 

1. INTRODUCTION  

   In the last decades, the need for radar 

absorbing materials (RAM) is ever-

escalating in various applications, 

especially in military applications [1]. In 

general, the improvement of RAM-based 

technology in the military field is essential 

to a country’s protection and defense [2], 

specifically for the development of 

weapons for the war [3],  including for 

aircraft and battleships [4]. In terms of 

practical applications for the benefit of 

fighter aircraft, RAM works with the stealth 

system by reducing the radar cross-section, 

thereby plummeting the reflection of radar 

to improve the success of combat 

operations since the target is difficult to 

detect [5]. Therefore, experts in various 

fields, particularly in the nanoscience and 

nanotechnology realm, continue to develop 

a variety of fabrication methods to produce 



42                                                    Ahmad Taufiq and et al.
 

new materials that have superior properties 

to RAM. To improve RAM performance, in 

general, it must be equipped with excellent 

characteristics, i.e., the excellent dielectric 

and magnetic properties  [6], low density, 

and wide bandwidth [7].  Theoretically, 

these characteristics are of paramount 

importance since the radar has a magnetic 

and dielectric component in the form of 

directed perpendicular [8].  

One of the magnetic materials that are 

currently being intensively developed by 

experts as RAM is Fe3O4. Some of the 

fundamental reasons underlying the 

development of Fe3O4 is because this 

material has an inverse spinel cubic 

structure with high magnetization [9], high 

permeability, low coercivity, strong 

mechanical properties [10], and high 

flexibility [11]. Unfortunately, research 

results show that Fe3O4 has limitations due 

to its relatively high density [9]. 

Furthermore, to achieve maximum 

performance of RAM by enhancing its 

absorption of radar, low-density materials 

are needed. 

To enhance the radar absorption 

performance of RAM, researchers have 

previously shown that carbon nanotubes 

(CNT) have several properties that can 

mask the deficiency of Fe3O4, such as low 

density [6], qualified electrical properties 

[12], excellent mechanical properties [13], 

and a large surface area so that it can cover 

a wider uptake [14]. Thus, CNT provides a 

unique opportunity to be composited with 

Fe3O4 to improve its dielectric loss 

performance so that the RAM performance 

increases. Interestingly, multi-wall carbon 

nanotubes (MWCNT) as one type of CNT 

are also starting to be developed as a 

candidate for absorbing waves with a range 

between ultraviolet and visible light  [15]. 

In addition to having the advantages of 

CNT properties such as density and 

excellent mechanical properties [16], 

MWCNT also has a high permittivity at a 

frequency of 8–18 GHz, resulting in 

broader bandwidth to increase antiradar 

capability [17]. However, previous research 

has shown that Fe3O4/MWCNT composite 

performance is not optimal for RAM 

applications due to its low reflection loss 

(RL) [18]. The low RL of such composite is 

because of weak impedance matching 

between the surface of the material and the 

vacuum [8,9]. Therefore, it is essential to 

develop materials that can improve 

impedance matching. In this context, zinc 

oxide (ZnO) nanoparticles (NPs) provide an 

excellent opportunity to become composites 

in the Fe3O4/MWCNT/ZnO system. The 

importance of the ZnO NPs addition is in 

its semiconductor material [19], which has 

a specific surface area with a large pore 

volume [20], and high permeability and 

complex permittivity values [21]. Thus, the 

presence of ZnO NPs is believed to be able 

to improve the impedance matching 

performance of the composites [18].  

Hitherto, research reports related to the 

development of Fe3O4/MWCNT/ZnO NCs 

for antiradar applications are rarely found. 

One report was found associated with the 

synthesis of Fe3O4/MWCNT/ZnO NCs 

using the in situ method and had an RL in 

the range of –21.6 to –38.2 dB [18]. In 

another report, Fe3O4/MWCNT/ZnO NCs 

were also successfully synthesized by the 

thermolysis method and had a reflection 

value of –33.6 dB [22]. However, the 

primary precursors used in the synthesis of 

such NCs are still commercially priced. 

Thus, it requires high costs and is less 

suitable for large-scale production. 

Therefore, in this work, we developed the 

synthesis method of Fe3O4/MWCNT/ZnO 

NCs using the eco-friendly method by 

utilizing the abundant natural iron sand as 

the primary precursor. Furthermore, to 

investigate the performance of 

Fe3O4/MWCNT/ZnO NCs for antiradar 

applications, we investigated the effect of 

ZnO compositions on the antiradar 

performance. Moreover, for completing the 

study, we also investigated the structural, 

magnetic, and optical behavior of the 

Fe3O4/MWCNT/ZnO NCs. 

 

2. MATERIALS AND METHODS  
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2.1. Synthesis of Fe3O4/MWCNT/ZnO 

NCs  

   The materials used in this study were iron 

sand, HCl (Merck, 12 M), NH4OH (Merck, 

14 M), MWCNT (Sigma Aldrich, ~ 50 nm 

in diameter, and ~ 1 μm in length), HNO3 

(Merck, 37%), Zn(CH₃CO₂)₂·2H₂O 

(Merck), NaOH (Merck, 3M), deionized 

water, ethanol, methanol, and distilled 

water. The iron sand contained a purity of 

99.5% Fe3O4 powder after the separation 

process using a permanent magnet. The 

synthesis was started by the 

functionalization process of MWCNT using 

HNO3 with the mass ratio of MWCNT and 

HNO3  of 1:100. MWCNT was reacted with 

HNO3 and sonicated for 2 h at a frequency 

of 40 kHz. The obtained product was then 

washed using distilled water and ethanol. 

Furthermore, the purification process of 

iron sands using a magnetic bar following 

our previous research procedure [23]. The 

20 g of purified iron sand was reacted with 

HCl to obtain a solution containing FeCl3 

and FeCl2. Next, 10 mL of the solution was 

reacted with 0.1 g of MWCNT through a 

sonication process for 10 min and 

continued with a titration process with 14 

mL of NH4OH. From such a reaction, the 

Fe3O4/MWCNT precipitate (dark black) 

was formed. The precipitate was washed 

repeatedly using distilled water and heated 

for 5 h at 100 
o
C to obtain the 

Fe3O4/MWCNT powders. Meanwhile, the 

ZnO NPs were synthesized using the sol-

gel method. A total of 6.57 g of 

Zn(CH₃CO₂)₂·2H₂O was mixed with 

deionized water and stirred using a 

magnetic stirrer at a speed of 720 rpm 

followed by NaOH titration until a pH of 13 

obtained. Afterward, the solution was 

precipitated and washed using methanol to 

achieve a neutral pH condition. Then, the 

solution was filtered and dried for 1 h at 

100 
o
C to obtain the ZnO NPs. The 

Fe3O4/MWCNT NCs were mixed with 

distilled water using an ultrasonic bath for 

30 min. Next, the ZnO NPs were mixed 

with Fe3O4/MWCNT/ZnO NCs in the 

solution using a magnetic stirrer for 30 min 

at room temperature. Furthermore, the 

solution was filtered and dried at 100 
o
C to 

produce the Fe3O4/MWCNT/ZnO NCs. The 

synthesis of Fe3O4/MWCNT/ZnO NCs was 

carried out with variations in the mass ratio 

of the Fe3O4/MWCNT NCs and ZnO NPs of 

1:0; 1:0.5; 1:1, 1:2; 1:4, which were 

subsequently coded by FMZ 0, FMZ 1, FMZ 

2, FMZ 3, and FMZ 4. Furthermore, the 

MWCNT/ZnO sample without Fe3O4 was 

coded by FMZ 5 with the mass ratio of the 

MWCNT and ZnO of 1:30 (0.1 g for 

MWCNT and 3 g for ZnO). 

 

2.2. Characterizations 

   The crystal phase and structure of the 

Fe3O4/MWCNT/ZnO NCs were analyzed 

using an X-ray diffractometer (XRD). The 

XRD machine from X’Pert Pro, Pan 

Analytical, Netherlands, was maintained 

using Cu–Kα radiation with the wavelength 

of 1.5406 Å and 2θ with the values of 

10°−80°. The characterization of functional 

groups of the samples was done using 

Fourier-transform infrared spectros-copy. 

The morphology and elemental content 

were analyzed using scanning electron 

microscopy and energy-dispersive X-ray 

spectroscopy (SEM-EDAX), respectively. 

The SEM-EDAX machine (FEI Company, 

Inspect-S50) was employed with a 

magnification of 150,000×. The optical 

features of the samples were characterized 

using ultraviolet-visible spec-troscopy (UV-

Vis) with the specification of UV-1700 

PharmaSpec (Shimadzu). A vibrating 

sample magnetometer (VSM; VSMI.2H, 

Oxford Instrument) was employed to 

investigate the magnetic features of the 

samples. Furthermore, the potential of 

Fe3O4/MWCNT/ZnO NCs for antiradar 

applications was investigated using a vector 

network analyzer (VNA) measuring 

reflection and transmission signals in the 

frequency range of 7–13 GHz by 

calculating its reflection loss. In this 

experiment, the Fe3O4/MWCNT/ZnO NCs 

were mixed with epoxy resin with a mass 

ratio of 3:1. The samples were then 
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prepared with the dimension of the length 

of 22.8 mm and width of 10.1 mm. 

 

3. RESULTS AND DISCUSSION 

The diffraction patterns of the 

Fe3O4/MWCNT/ZnO NCs are shown in 

Figure 1. For the FMZ 0 sample, which 

represents the Fe3O4/MWCNT NCs, the 

qualitative data analysis demonstrating the 

diffraction peaks for the Fe3O4 were 

observed at 2θ of 30.3
o
, 35.7

o
, 47.4

o
, 43.4

o
, 

53.8
o
, 57.4

o
,
 

and 63.0
o
. The result 

corresponds to the respective hkl planes of 

(220), (311), (400), (331), (442), (511), and 

(440). The highest diffraction peak 

observed in this work was in line with the 

results of previous work [24]. Furthermore, 

the quantitative analysis by a fitting 

approach using AMCSD No. 0007394 

presented that the Fe3O4/MWCNT NCs 

constructed an inverse spinel cubic with the 

lattice parameters of approximately a = b = 

c = 8.353 Å and crystallite size of 6.13 nm. 

For the FMZ 0 sample, the diffraction 

peaks of MWCNT were not observed 

because its composition was too small 

compared to the diffraction peaks of Fe3O4. 

Also, the absence of MWCNT diffraction 

peaks was due to the high dispersion degree 

of MWCNT, indicating the Fe3O4 NPs that 

could be spread evenly on the surface of 

MWCNT [25]. 

The increasing ZnO NPs content in the 

Fe3O4/MWCNT/ZnO NCs can be observed 

from their diffraction peaks, as shown in 

Figure 1. Qualitatively, the increasing ZnO 

NPs is marked by the increasing peak 

intensity of ZnO NPs. In addition, the 

diffraction peaks of the ZnO NPs were 

detected at 2θ of  31.7
o
, 34.5

o
, 36.3

o
, 47.6

o
, 

56.6
o
,
 
and 63.0

o
. It represents the respective 

hkl planes of (010), (002), (011), (012), 

(110), and (013) originating from the ZnO 

NPs with hexagonal wurtzite structure [26]. 

The phase analysis for ZnO NPs was 

conducted using AMCSD No. 0005203. 

The lattice parameters of ZnO NPs were a = 

b ranging from 3.247 to 3.253 Å and c 

ranging from 5.203 to 5.212 Å.  For FMZ 0, 

the main diffraction peak of the Fe3O4 was 

detected at 2θ = 35.7
o
. Meanwhile, for FMZ 

1, the main diffraction peak tended to 

disappear due to the overlapping with the 

diffraction peak of ZnO [27]. 

Quantitatively, the increasing ZnO 

composition increased the crystallinity of 

Fe3O4/MWCNT/ZnO NCs, from 3.32% 

(without ZnO NPs) to 7.88%, 13.89%, 

22.15%, 32.48%, and 42.52% for the 

respective FMZ 1, FMZ 2, FMZ 3, FMZ 4, 

and FMZ 5. Thus, the higher composition 

of ZnO NPs decreased the peak intensity of 

Fe3O4 NPs. The increasing ZnO 

composition increased the diffraction peak 

intensity of ZnO and generated a decrease 

in the diffraction peak intensity of Fe3O4. 

Interestingly, the diffraction peaks for FMZ 

2-5 disappeared. Moreover, like FMZ 0, the 

diffraction peaks of MWCNT for FMZ 5 

disappeared because the mass composition 

of MWCNT very low compared to those of 

ZnO.  

SEM images of the Fe3O4/MWCNT NCs 

(FMZ 0) are shown in Figure 2. Based on 

the figure, the Fe3O4 NPs are attached to 

MWCNT in spherical aggregate form. 

Based on the electron microscopy images, it 

can be seen that the FMZ 0-5 samples had 

spherical particles representing the Fe3O4 

bound to the surface of tube-like structures 

representing MWCNT. This phenomenon is 

originated from the agglomeration of Fe3O4 

NPs spreading on the MWCNT’s surface, 

which builds a pile of carbon in the form of 

bundles [24]. In addition, the Fe3O4 NPs 

bounds to the surface of MWCNT are also 

caused by interactions between particles 

provoked by the magnetic forces [28]. 

Theoretically, positive ions of Fe
2+

 and Fe
3+

 

from the Fe3O4 are bound by negatively 

charged carboxyl groups on the surface of 

MWCNT that arise due to the 

functionalization process using nitric acid 

[29]. Therefore, it can be inferred that the 

treatment with acid successfully defects the 

MWCNT part and carboxyl groups form 

[30]. This treatment aimed to improve the 

ability of MWCNT to interact with other 

materials because there are carboxyl groups 

that bind to other materials [31]. Moreover, 
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the bright colour of the aggregated articles 

(not tube-like structures) is from the 

chemical elements with higher atomic 

numbers resulting in backscattered 

electrons (BSEs). Based on the chemical 

periodic table, it is known that the atomic 

number of Fe is 26 and Zn is 30. Therefore, 

it can be concluded that the bright colour 

represents ZnO while the dark colour 

represents Fe3O4. 

Furthermore, the addition of ZnO 

composition caused the surface of the 

MWCNT to form a bundle covered with 

more nanoparticles. The results of previous 

research indicate that this phenomenon 

contributes to the evenly spread ZnO NPs 

on the surface of MWCNT [18]. This is 

supported by the results of the EDAX 

characterization shown in Table 1, where 

the carbon content, which is a characteristic 

of MWCNT, decreases as the composition 

of ZnO NPs increases. Logically, this also 

reduces the elemental content of Fe3O4 in 

the Fe3O4/MWCNT/ZnO NCs. Based on 

Table 1, it can be seen that FMZ 5 has the 

lowest C composition than other samples. 

For FMZ 5, the MWCNT as the main 

source of C was maintained with the lowest 

composition with the mass ratio of the 

MWCNT and ZnO of 1:30. 

 

 
Figure 1. Diffraction patterns of the 

Fe3O4/MWCNT/ZnO NCs. 

 

The infrared spectra of 

Fe3O4/MWCNT/ZnO NCs are shown in 

Figure 3. The presence of Fe3O4 was 

observed at wavenumbers of 586 cm
–1

 and 

418 cm
–1

, which respectively showed 

vibrations of Fe-O in tetrahedral and 

octahedral positions. Furthermore, the 

presence of such Fe-O vibrations also 

supported the results of X-ray diffraction 

data analysis showing that the Fe3O4 NPs 

form an inverse spinel cubic system. The 

emergence of Fe-O vibrations was also 

observed in the previous research at 

wavenumbers of 417  cm
–1

 [32] and 580–

590 cm
–1 

[33]. 

 

Figure 2. SEM images of the 

Fe3O4/MWCNT/ZnO NCs. 

 

Table 1. Elemental composition of the 

Fe3O4/MWCNT/ZnO NCs. 

Sample 
Composition (Wt%) 

C O Fe Zn 

FMZ 0 11.8 16.9 71.3 - 

FMZ 1 24.7 11.7 36.7 26.9 

FMZ 2 20.4 17.3 32.9 29.4 

FMZ 3 15.2 11.9 19.5 53.4 

FMZ 4 11.3 10.5 9.6 68.6 

FMZ 5 3.6 13.5 - 82.9 

 



46                                                    Ahmad Taufiq and et al.
 

All samples showed the absorption of 

the C=C functional group at 1650 cm
–1

, 

where the functional group was a stretching 

vibration of carbon [30]. Thus, it proved the 

existence of MWCNT. This was also 

confirmed by several previous studies, 

where the vibration of the C=C functional 

group was observed at the wavenumbers of 

1660 cm
–1

 and 1620–1680 cm
–1 

[34,35]. In 

addition, the stretching groups of C=O, C-

H, and O-H were also detected as carboxyl 

groups due to the functionalization of 

MWCNT using acid [18]. Theoretically, the 

emergence of carboxyl groups on the 

surface of the MWCNT serves to improve 

the MWCNT to be able to attract other 

materials such as metal oxides, which in the 

context of this research are Fe3O4 NPs.  

 

 
Figure 3. FTIR spectra of the 

Fe3O4/MWCNT/ZnO NCs. 

 

The presence of ZnO NPs was detected 

at a wavenumber of 542 cm
–1

 that overlaps 

with tetrahedral Fe-O vibrations. In the area 

of the wavenumbers between 505 and 561 

cm
–1

, the absorption intensity was relatively 

high. It indicates that the Zn-O functional 

groups increased due to the addition of ZnO 

composition so that Zn-O absorption was 

also high. The emergence of Zn-O 

vibrations was confirmed by previous 

studies that succeeded in detecting Zn-O 

vibrations at the wavenumbers of 424–672 

cm
–1

 [36]. In addition, the wavenumber 

range of 800–900 cm
–1

, which was the C-H 

bonding area out of plane bending, was the 

increasingly broader absorption for the 

increasing ZnO composition.  

An ultraviolet-visible spectrometer 

characterized the optical properties of 

Fe3O4/MWCNT/ZnO, as depicted in Figure 

4. A peak absorbance of FMZ 0 was 

detected at a wavelength of 510.5 nm 

originating from Fe3O4 [37]. Interestingly, 

the addition of ZnO composition resulted in 

a shift in absorbance from 510.5 nm to the 

lower wavelength area between 341 and 

342 nm. Physically, the combination of two 

or more materials tends to shift the bandgap 

energy value due to a shift in the absorption 

peak of the composites [38]. Based on the 

previous research, the absorbance of ZnO 

was detected at a wavelength of 340–370 

nm [39], which had a lower value compared 

to Fe3O4. 

  

 
Figure 4. Absorbance of the 

Fe3O4/MWCNT/ZnO NCs. 

 

Physically, the absorbance of 

Fe3O4/MWCNT/ZnO NCs is related to the 

energy needed by electrons to move from 

the valence band to the conduction band or 

better acknowledged as bandgap energy. In 

this study, the bandgap energy of the 

samples was calculated using the Kubelka 

Munk equation and analyzed using the 

Tauc Plot method. The results of the 

calculation are shown in Table 2. The 

bandgap energy value of the FMZ 0 is 

2.242 eV. This value is close to the 

bandgap energy value of Fe3O4/CNT (2.3 

eV), as shown by the previous study [40]. 

Furthermore, the bandgap energy values of 
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FMZ 1 to FMZ 5 range between 3.528 and 

3.533 eV. The increasing bandgap energy 

value is due to a shift in absorbance peak 

from the rise in ZnO composition. In 

general, the bandgap energy value is close 

to the bandgap energy value from the 

previous result [41]. 

 

Table 2. Bandgap energy of the 

Fe3O4/MWCNT/ZnO NCs. 

Sample 
Wavelength  

(nm) 

Bandgap 

Energy (eV) 

FMZ 0 510.10 2.242 

FMZ 1 341.29 3.530 

FMZ 2 342.13 3.533 

FMZ 3 341.24 3.532 

FMZ 4 341.30 3.528 

FMZ 5 342.19 3.499 

 

 
Figure 6. Magnetization curves of the 

Fe3O4MWCNT/ZnO NCs. 

 

The magnetic properties of 

Fe3O4/MWCNT/ZnO NCs were 

characterized using a vibrating sample 

magnetometer at room temperature. Figure 

6 shows the magnetization curves and their 

fitting using the Langevin Equation with 

the susceptibility shown in Equations 1–2: 

H
HC

HCMsMrM 


 )
1

)(coth(  (1) 

Tk
C

B


  

(2) 

where M is the magnetization, Mr is the 

remanent magnetization, Ms is the 

saturation magnetization, χ is the 

susceptibility, H is the magnetic field, T is 

the temperature, and kB is the Boltzmann 

constant. 

 

Table 3. Magnetic properties of the 

Fe3O4MWCNT/ZnO NCs. 

Sample Ms (emu/g) Mr (emu/g) Hc (T) 

FMZ 0 12.64 0.09 0.01 

FMZ 1 8.56 0.06 0.01 

FMZ 2 6.09 0.02 0.01 

FMZ 3 4.43 0.03 0.01 

FMZ 4 0.29 0.00
 

0.01 

FMZ 5 – – – 

 

In this study, the FMZ 0 with a particle 

size of 6.13 nm has a saturation 

magnetization value of 12.64 emu/g. This 

value is higher than those of the 

Fe3O4/MWCNT (1.50 emu/g) with a 

particle size of 3 nm [42]. Consequently, 

the Ms value of a material is influenced by 

particle size, where the larger particle size 

increases the magnetization value [43]. 

Besides Ms, other parameters such as 

remanent magnetization (Mr) and coercivity 

field (Hc) were also analyzed and its results 

are shown in Table 3. The Mr and Hc 

values for the FMZ 0, FMZ 1, FMZ 2, FMZ 

3, and FMZ 4 were very small so that they 

can be ignored. Therefore, the 

Fe3O4/MWCNT/ZnO NCs prepared in this 

experiment presented superparamagnetic 

properties [43]. Furthermore, the addition 

of ZnO composition decreased the Ms value 

of Fe3O4/MWCNT/ZnO NCs because of the 

decreasing Fe3O4 fraction. The FMZ 5 

(MWCNT/ZnO) shown diamagnetic 

characteristics.  Once it is given a positive 

external field, the magnetization is negative 

and vice versa. In other words, the material 

opposes a given external magnetic field. 
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Thus, it can be concluded that the FMZ 5 is a 

diamagnetic material [44]. 

Theoretically, excellent RAM should 

have characteristics of excellent electrical 

permittivity and magnetic permeability. The 

electrical permittivity refers to the complex 

permittivity (εr), where εr = ε′–jε” and the 

magnetic permeability refers to the complex 

permeability (µr), where µr = µ’–jµ” [45]. 

The complex relative permeability and 

permittivity of the Fe3O4/MWCNT/ZnO 

NCs were investigated in the frequency 

range of 7–13 GHz, as presented in Figure 

8. In the figure, we can observe some 

important parameters, i.e., μ′ that 

symbolizes the magnetic storage energy, 

and μ″ that symbolizes the magnetic energy 

dissipation. Meanwhile, the real (ε’) and 

imaginary (ε′') parts correspond to the 

dielectric storage energy and dielectric 

energy dissipation of the electromagnetic 

energy [18].  

 

 
Figure 8. Permeability and permittivity of 

the Fe3O4/MWCNT/ZnO NCs. 

 

The real µ’ part of the samples had 

similar decreasing µ’ values that increased 

at a particular frequency. According to the 

previous research, the µ’ value of Fe3O4 is 

1.17 [18]. On the other hand, in this study, 

the µ’ value of Fe3O4/MWCNT NCs was 

1.18 and decreased to zero at 10.7 GHz and 

increased afterward. Besides, the addition 

of ZnO increased the µ’ value from 1.2 to 

1.5. The increasing µ’ value was closely 

related to the increasing dispersion of Fe3O4 

after the additional MWCNT and ZnO.  

The imaginary curve of µ” part tended to 

be similar to ε” part.  

 
Figure 9. Reflection loss of the 

Fe3O4/MWCNT/ZnO NCs with thickness 

variation. 

 

Furthermore, the ε' value of 

Fe3O4/MWCNT/ZnO NCs decreased along 

with increasing frequency. For the FMZ 0, 

the ε′ decreased from 7 to 0 in the 

frequency range of 7–10 GHz accompanied 

by small fluctuations. For the FMZ 5, the ε′ 

value also decreased from 5 to 0 in the 

frequency range of 7–11 GHz. Moreover, 

the addition of ZnO on the NCs produced a 

lower ε′ value than those of the FMZ 0. 

However, there was a high resonance peak 

between the frequency of 11.5 and 12 GHz 

for all samples due to the addition of ZnO 

NPs. Principally, this phenomenon occurs 

because of the particle aggregation that 

happened on the nanocomposite over the 
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increasing composition of ZnO NPs [6], as 

presented in Figure 2. Every ε” had the 

same trend that shows a deterioration in the 

frequency range of 7–8 GHz, then increased 

along with several fluctuations and 

decreased again. This indicates multiple 

resonances related to electronic spin, high 

conductivity, and polarization charge. The 

relatively high ε′ and ε″ values indicate the 

high storage and loss ability of the 

microwave energy. This shows that the polar 

polarization, interfacial polarization, and 

energy storage of electromagnetic waves 

possessed by nanocomposites are high. 

 

Table 4. Reflection loss values of the 

Fe3O4MWCNT/ZnO NCs with thickness 

variation. 

Sample 

2.5 mm 5.0 mm 10.0 mm 

RL 

(dB) 

Freq 

(GHz) 

RL 

(dB) 

Freq 

(GHz) 

RL 

(dB) 

Freq 

(GHz) 

Fe3O4 
-3.3 

[22] 
- - - - - 

MW

CNT 

-3.0 

[22] 
- - - - - 

ZnO 
-1.1 

[22] 
- - - - - 

FMZ 0 -26.4 11.3 -24.0 11.3 -23.3 11.3 

FMZ 1 -13.2 9.5 -11.5 9.5 -11.3 9.5 

FMZ 2 -9.7 9.0 -9.5 9.0 -9.0 9.0 

FMZ 3 -10.0 9.5 -8.8 9.6 -8.6 9.5 

FMZ 4 -8.8 9.5 -9.6 9.4 -9.7 9.5 

FMZ 5 -34.2 11.8 -26.1 11.7 -24.9 11.7 

ZnO@

MWC

NT 

-20.7 

[48] 
- - - - - 

 

The ability of RAM to absorb radar is 

strongly related to reflection loss (RL). The 

RL values of the Fe3O4/MWCNT/ZnO NCs 

were calculated using Equations 3–4. 

 

 

 (3) 

 

 

(4) 

Where RL is the reflection loss (dB),  Zin is 

the input impedance, Zo is the vacuum 

impedance value, µr and εr are the complex 

permeability and permittivity of the 

material, and c is the velocity of 

electromagnetic waves in a vacuum, f is the 

frequency of incident waves, and d is the 

thickness of the material [46]. 

Figure 9. shows the reflection loss of the 

Fe3O4/MWCNT/ZnO NCs. In principle, 

reflection loss is the ability of a material to 

absorb radar waves. Theoretically, the more 

negative RL value indicates lesser incoming 

waves fired to the materials [43]. Thus, the 

Fe3O4/MWCNT/ZnO NCs have high 

absorption and can be presented as 

excellent RAM. In this study, the RL values 

of the Fe3O4/MWCNT/ZnO NCs were 

evaluated with thickness variations of 2.5, 

5.0, and 10.0 mm, as presented in Table 4.  

In this work, FMZ 0 and FMZ 5 become 

the best samples for antiradar application 

based on the reflection loss value. The RL 

values of FMZ 0 and FMZ 5 are relatively 

higher than other samples, originated from 

high magnetic and dielectric composition 

resulting in highly complex permeability 

and permittivity values [18]. Moreover, the 

addition of MWCNT also contributes a 

great deal to the RL values for FMZ 0 and 

FMZ 5, where the amount of surface 

suspension from MWCNT allows 

polarization and increases radar absorption 

[47]. However, based on the absorption 

frequency range, FMZ 1-4 become the best 

samples for antiradar application because 

they can absorb radar not only at high 

frequencies but also can absorb radar at low 

frequencies. Therefore, it is important to 

carry out further research by optimizing 

synthesis parameters, composition, and 

other aspects to obtain new materials with 

high reflection loss, not only at high 

frequencies. 

Based on the results of previous 

research,  Fe3O4 NPs with a thickness of 2.5 

mm applied as RAM produced an RL value 

of –7.3 dB [48]. In this study, the 

Fe3O4/MWCNT NCs with different 

thicknesses had higher RL values compared 

to pure Fe3O4, ranging from –23.3 to –26.4 

dB. Therefore, the results of this study were 

higher than previous studies that produced 

an RL value of –20.1 dB [49]. The 

increasing RL value was caused by the 
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presence of a dielectric component that 

absorbs the dielectric portion of the radar. 

In addition, the increasing RL value was 

also caused by the presence of electrostatic 

forces between the O-H groups on the 

MWCNT surface due to treatment with 

acidic solutions along with positive ions 

from Fe3O4. The forces caused Fe3O4 NPs 

to connect with MWCNT, facilitating 

electrons to jump and move as well as 

increasing the absorption of radar waves. 

Furthermore, the combination of ZnO and 

MWCNT in this study also showed high RL 

values from –24.9 to –34.2 dB. These 

results are more significant compared to 

previous studies that have succeeded in 

preparing ZnO/MWCNT as RAM with an 

RL value of –20.7 dB [48]. Meanwhile, the 

RL of the MWCNT and ZnO were –3.0 dB 

and –1.04 dB, respectively [22]. In this 

regard, the ZnO NPs deposited on the 

MWCNT surface decreased the 

conductivity of the MWCNT and increased 

the interfaces between the two materials, 

which changed the complex permittivity of 

the nanocomposite so that it got a matching 

impedance  [18]. 

Table 4 represents the RL values for all 

samples with thickness variations. The 

results of this study indicated that the RL 

value of each sample tended to decline as 

the sample thickness increased. This is in 

accordance with the theory stating that the 

relationship between thickness and 

frequency match, where the thickness 

increases, the frequency match between the 

sample and the incident wave decrease [50]. 

The low-frequency match decreased the 

impedance match, creating an increase in 

radar reflection on the sample surface [18], 

thereby reducing the RL value at the same 

frequency. The RL value deterioration 

accompanied by the increasing thickness is 

explained by the quarter-wave principle. 

This principle explains that the electro-

magnetic wave partially subjected to the 

sample will be reflected from the air to the 

metal interface, and some of them will be 

reflected from the absorbant to the metal 

interface. Those two reflections will 

deprive one another once they fulfill 

quarter-wave thickness criteria. The criteria 

state that frequency matching is inversely 

proportional to the thickness [51]. 

Therefore, increasing the thickness 

provokes the disappearance of 

electromagnetic waves and the appearance 

of more reflected waves that increase the 

RL. In this work, the RL value of the 

Fe3O4/MWCNT/ZnO NCs ranged from –8.7 

to –34.2 dB. Based on the results of 

previous studies, the RL values lower than 

–10 dB and –20 dB have the respective 

absorption rates of 90% and 99% [48].  

Based on the calculation of RL values, the 

Fe3O4/MWCNT/ZnO NCs obtained in this 

study have a very high absorption rate, 

ranging from 90% to 99%. Thus, the 

Fe3O4/MWCNT/ZnO NCs fabricated in this 

study provides an excellent opportunity to 

be applied as RAM, specifically to enhance 

a country's defense and capability in the 

military field. 

 

4. CONCLUSION  

The Fe3O4/MWCNT/ZnO NCs were 

successfully synthesized through precipit-

ation methods with variations in the 

composition of ZnO NPs. The existence of 

the Fe3O4 and ZnO NPs was confirmed by 

the crystalline phases with inverse cubic 

spinel and hexagonal wurtzite structures, 

respectively. The morphology of the 

Fe3O4/MWCNT NCs tended to agglomerate 

as ZnO composition increases. The 

bandgap energy of the Fe3O4/MWCNT NCs 

ranged from 2.242 to 3.533 eV. The 

increasing ZnO NPs decreased the RL 

values of the Fe3O4/MWCNT NCs, which 

were caused by agglomeration. Interest-

ingly, the produced Fe3O4/MWCNT/ZnO 

NCs were able to absorb electromagnetic 

waves in the range of 90%–99% with the 

RL value range from –8.7 to –34.2 dB. 
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