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Article info Abstract

Keywords: Fe203/MWCNT/ZnO nanocomposites were successfully synthesized through the precipitation
Fe203/MWCNT/ZnO method. The synthesis was carried out through a variation of ZnO mass, with
Nanocomposite (Fe203/MWCNT):ZnO mass ratio of 1:0, 1:0.5, 1:1, 1:1.5, and 0:1. The XRD analysis results
Nanostructure suggested that the nanocomposites were composed of two phases, namely Fe»03 with centered
Magnetization hexagonal structure and ZnO with hexagonal wurtzite structure. The ZnO diffraction peak
Bandgap tended to increase following the increasing ZnO composition within the nanocomposites. The

presence of MWCNT was confirmed by the FTIR results signifying the detection of C=C
vibration at wavenumbers of 1631-1640 cm™. The crystallite size of Fe203 and ZnO was in the
range of 30.97-31.12 nm and 30.46-35.64 nm, respectively. The nanocomposites were
comprised of the spherical, tube, and sheet particles, representing Fe203, MWCNT, and ZnO,
respectively, with particle size ranged from 33.97 nm to 55.19 nm. The nanocomposites were
observed to present weak ferromagnetic, with a decrease in saturation magnetization value
following the increase of ZnO composition. The optical properties of the nanocomposites
tended to decrease as the increasing ZnO composition.

1. Introduction

Recently, a number of studies have developed composite-based technologies. This situation is induced by the composite's capability to
present new characteristics while maintaining the authentic features of the constituent particles. This excellent feature has been proven to
enhance the performance of the material's application in medical, technological, and military fields, such as the application as drug delivery
system, antimicrobial agent, as well as sensor and microwave or radar absorbing material (MAM or RAM) [1]. Theoretically, the nanocomposite
is comprised of two or more materials with combined characteristics from its constituent materials or even with new and better features [2].
Further, in recent decades, composite has been prepared in nano-sized or known as nanocomposite. Nano-sized particles carry better physical
and chemical properties than bulk-sized particles [3]. Commonly, the nanocomposite is comprised of filler and matrix, in which the successfully
inserted filler into the matrix results in a new characteristic that is distinct from its constituent material.

Inrecent years, studies have reported many nanocomposites that are consisted of magnetic and dielectric materials, such as Fe304 or Fez203
and carbon. Taufiq et al. have successfully fabricated Fe3s04 composited with activated carbon (AC) used as radar absorbing material (RAM) [4,
5]. Rahmawati et al. have composited Fe304 as magnetic material and multi-walled carbon nanotubes (MWCNT) as dielectric material for
voltage sensors [6]. Aside from Fe304, one of the most developed magnetic materials is Fez03 because it is classified as the most stable material
[7]. Besides, the Fe203 nanoparticle also carries unique features, such as an n-type semiconductor with a small bandgap of 2.1 eV [8] and
corrosion resistance [9]. Therefore, the Fe203 nanoparticle has been massively applied as photocatalyst [10], sensor gas [11], and Li-ion battery
[12].

In this study, the Fe203 performance is enhanced through combination with carbon material of MWCNT. This material was selected due to
its great mechanical and thermal properties [13], wide surface area [14], low density [15], high dielectric loss [13], and conductive [16].
According to R. Leary and A. Westwood, a combination of Fe203 dan MWCNT can improve the performance of its application as a photocatalyst
due to its chemical stability, extensive surface area, and high electron conductivity [17]. However, in some applications, such as RAM,
antimicrobial, and gas sensors, the Fe203/MWCNT nanocomposite has not presented maximum performance. Therefore, this study also adds
ZnO in the Fe;03/MWCNT nanocomposite. Soplanit et al, have successfully combinated Fe,03 with Fe304 and ZnO for antibacterial agent. The
results showed that nanocomposites had good performance to inhibit bacterial growth [18].

Zn0 nanoparticle is a semiconductor material with a high dielectric constant, stable toward heat, and excellent electrical conductivity [19].
In the biomedical field, ZnO carries a number of excellent features in a number of applications, such as antimicrobial and drug delivery agents
[20], because of its non-allergic, non-toxic, and non-irritating characteristic [24, 25]. Besides, ZnO is also commonly used in sensors,
photocatalysts, supercapacitors, and other applications due to its wide bandgap, light, low-cost, and easily produced [26, 27]. Wang et al. report
that ZnO is capable of enhancing impedance matching in the application of RAM in the nanocomposite comprised of magnetic and dielectric
material, obtaining a high reflection loss value caused by the high complex permittivity of this particle [25]. Therefore, this study develops
Fe203/MWCNT/ZnO nanoparticles, as well as investigates the effects of ZnO mass within the nanostructure, magnetic, and optical properties
of nanocomposites.

2. Experimental Methods

The synthesis of Fe;03/MWCNT/ZnO nanocomposites was carried out using the precipitation method. It was started by the
functionalization process with nitric acid [1, 6]. It was followed with ZnO preparation using the sol-gel method following the stages in our
previous studies [20]. In the third step, the Fe203/MWCNT nanocomposite was prepared using 20 grams of FeCl3.6Hz0 solved into 40 ml of
distilled water, and stirred using a magnetic stirrer at 520 rpm. Further, 0.1 gram of functionalized MWCNT was added to the solution, followed
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by titration NH4OH until pH 9, and one hour stirring. The reaction result was washed using distilled water until the neutral pH was obtained.
The obtained deposit was dried at 100 °C temperature and calcined at 800 °C temperature for 1 hour. In the last phase of Fe;03/MWCNT/ZnO
nanocomposite preparation, the Fe203/MWCNT powder was dissolved into 50 mL distilled water using an ultrasonic bath for 30 minutes at
room temperature. Further, the ZnO powder was added into the obtained solution and stirred for 30 minutes using a magnetic stirrer. The
obtained solution was heated at 100 °C temperature for one hour to attain Fe203/MWCNT/ZnO nanocomposites in powder. This study used a
variation of ZnO mass, with (Fe203/MWCNT):ZnO mass ratio of 1:0, 1:0.5, 1:1, 1:1.5, and 0:1, coded with Zn0, Zn1, Zn2, Zn3, and Zn4,
respectively.

3. Results and Discussion

The diffraction pattern of Fe203/MWCNT /ZnO nanocomposites obtained from X-ray diffractometer characterization is illustrated in Figure
1. The ZnO diffraction pattern represents the Fe203/MWCNT diffraction pattern, in which the peaks are detected at 26 24.2¢, 33.2°, 35.7°, 40.9¢,
49.59, 54.1°, 57.7°, 62.5°, and 64.2 °which represent the miller planes of (012),(104),(110),(113),(024),(116),(018),(214),and (0
3 0), consecutively. The obtained results are linear with previous studies carried out by Lassoued et al. [26]. The absence of MWCNT
functionalized is due to the low composition of MWCNT compared to the Fe;03. Meanwhile, the diffraction pattern of ZnO nanoparticles is
represented by the pattern of Zn4. The ZnO’s peaks are observed at 31.8° (0 1 0), 34.5° (0 0 2), 36.3°(0 1 1),47.6° (01 2),56.7° (1 1 0), 62.9°
(013),66.5°(020),68.1° (11 2),and 69.2° (0 2 1). Similar results have been reported in a previous works [20].
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Fig. 1. X-ray diffraction patterns of the Fe203/MWCNT/ZnO nanocomposites

The success of Fe;03/MWCNT/Zn0O nanocomposite preparation is marked by the appearance of the Fe203 and ZnO peaks, with ZnO peaks
that tend to increase in line with the increase of ZnO mass. A quantitative analysis was also carried out by comparing the experiment results
with database AMCSD No. 0000143 for the Fe203 phase and AMCSD No. 0005203 for the ZnO phase. The analysis results show that Fe203
presents a centered hexagonal structure in rhombohedral with a space group of R-3c, while the ZnO has a hexagonal wurtzite structure. As
presented in Table 1, the crystallite size of the composite ranges from 30.13-31.12 nm. Meanwhile, the crystallite size of ZnO nanoparticles
tends to increase, from 30.46 nm to 35.64 nm, following the addition of ZnO within the nanocomposites. The increase in the crystal size of the
ZnO nanoparticles was associated with higher and narrower diffraction peaks as the ZnO mass increased. According to the Scherer equation, a
narrow diffraction peak results in a small FWHM value, so the larger the crystal size.

Table 1. Crystallite Size of the Fe203/MWCNT/ZnO nanocomposites
Crytallite Size (nm)

Sample

Fe;03 Zn0
Zn0 31.12 -
Zn1l 30.13 30.46
Zn2 30.08 32.54
Zn3 30.97 34.35
Zn4 - 35.64

The results of FTIR characterization are presented in Figure 2. Figure 2 shows that the primary transmittance peak of Fe203/MWCNT/Zn0O
nanocomposites is observed at wavenumbers of 400-567 cm-!, representing the Fe-O vibration of the Fe203[27] while the peak at 1631-1640
cm! represents the C=C bound vibration from the graphite, as the constituent of MWCNT [1]. Further, the ZnO vibration appeared at 561 cm-,
showing the characteristic of Zn-0 vibration [28]. Aside from those three primary vibrations of the Fe203/MWCNT/ZnO nanocomposites, other
peaks are also observed, such as the C-H peak at a wavenumber of 904 cm!, which is the out of plane bending of the alkene group from the
zinc acetate dehydrate [29, 30]. Besides, vibration from the COO bound is also detected at wavenumbers of 1375-1394 and 1541-1566 cm'!
[31]. This vibration appears as the result of functionalization on MWCNT. Furthermore, the O-H bound is also found at 3448 cm-! from the
water.
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Fig. 2. FTIR Spectra of the Fe203/MWCNT/ZnO nanocomposites
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The morphology of Fe203/MWCNT/Zn0O nanocomposites was obtained from the SEM characterization, as presented in Figure 3. Figure 3
illustrates that the nanocomposite is comprised of spherical particle that tends to agglomerate and tube particle, representing the Fe.03 and
MWCNT, respectively. A similar result has also been reported by Rachmawati et al. [2]. After the addition of ZnO, the nanocomposite's
agglomeration level tends to decrease. Meanwhile, the increase of ZnO mass escalates the amount of sheet constituent particles, such as the
Zn4 morphology that tends to cover the spherical nanoparticles. The average diameter of the nanocomposite was also analyzed using a normal
log function and the result of the diameter analysis is shown in Figure 4.

Fig. 3. SEM images of the Fean/MWCNT/ZnO nanocomposites
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Fig. 4. Diameter size distribution of the Fe203/MWCNT/ZnO nanocomposites

The average diameter of the nanocomposites ranges between 33.97-55.19 nm, where the particles' diameter presents a similar trend as
the increase of ZnO mass, from 48.00-48.56 nm. However, this value is lower than the ZnO sample, as showed in Figure Zn4 (Figure 4). The
constituent compositions of the nanocomposite have also been characterized using EDX and the results are presented in Table 2. The developed
nanocomposite is encompassed of Fe, C, Zn, and O, the primary elements of Fe;03, MWCNT, and ZnO. The emergence of these elements has
confirmed the successful synthesize of the nanocomposites. Interestingly, the Fe elements also experience a decrease following the increase of
Zn0 mass, confirmed by the increase of ZnO mass with the accelerated composition of the Zn element.
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Table 2. Elemental composition of the Fe203/MWCNT /ZnO nanocomposites
Elements Composition (wt.%)

Sample Fe C Zn 0
Zn0 63.91 08.15 - 27.94
Znl 47.17 08.96 17.78 26.09
Zn2 33.49 05.57 33.49 26.39
Zn3 24.02 06.82 58.27 10.89
Zn4 - - 82.96 17.04

The magnetic properties of Fe203/MWCNT /ZnO nanocomposites were characterized using VSM at room temperature and their results are
represented by the hysteresis curves as sown in Figure 5. Figure 5 shows that the samples present weak ferromagnetic. This finding is linear
with a study conducted by Shandilya, et al. [32]. The sample has saturation magnetization (Ms) of 0.37 emu/gram, much lower than a previous
study that results in saturation magnetization of 4.26 emu/gram [33]. The result correlates with the addition of MWCNT that is a diamagnetic
material, reducing the saturation magnetization of Fez03 [1]. Further, ZnO also carries diamagnetic characteristics, as proven by the curve
representing negative saturation magnetization when exposed to a positive magnetic field [34].
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Fig. 5. Hysteresis curves of the Fe203/MWCNT /ZnO nanocomposites

The results of the qualitative analysis presented in Figure 5 show that the addition of ZnO nanoparticles reduces saturation magnetization
value. The increase of ZnO nanoparticle causes an increase of diamagnetic material within the nanocomposite and reduce the ferromagnetic
material, lowering the saturation magnetization. The details of the nanocomposite's magnetic parameters are shown in Table 3. Further, the
decrease of saturation magnetization is caused by the expanded particle size after the addition of ZnO nanoparticles. The increase of particle
size decreases surface to volume ratio, resulting in a lower contribution of surface spin toward the magnetic moment within the nanocomposite
and reduced saturation magnetization [35]. Besides, the coercivity field (Hc) value tends to increase following the increase of ZnO composition,
so that it has excellent application potential as storage and absorption for microwave (MAM).

Table 3. Magnetic parameters of the Fe203/MWCNT/Zn0O nanocomposites
Magnetic Parameters

Sample Ms (emu/gram) Mr (emu/gram) Hc (T)
Zn0 0.37 0.12 0.31
Znl 0.17 0.08 0.23
Zn2 0.03 0.04 0.32
Zn3 0.01 0.02 0.39
Zn4 - - -

The optical properties of Fe203/MWCNT/ZnO nanocomposites are represented by the bandgap obtained from the calculation of UV-Vis
characterization using Tauc plot direct transition method (Equation 1).

(ahv) = A(hv — E,)? 1

In which a is the absorption coefficient, 4 is the effective mass of the electron, h is the Planck's constant, and v is the frequency [36]. The
bandgap is an intercept obtained from the x-axis from the graph of the relationship between hv and (ahv)? (Figure 6). Figure 6 shows that the
bandgap of Fe203 (Zn0) is 2.261 eV, which is close to the result of the previous study obtaining a bandgap of 2.200 eV [37]. Meanwhile, the gap
energy of ZnO is 3.360 eV, confirming that the synthesized ZnO is a semiconductor. Additionally, the bandgap of the nanocomposites decreases
following the increase of ZnO composition. It is caused by the bandgap value of the material that is inversely proportional to its particle size
[38, 39].
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Fig. 6. Bandgap of the Fe203/MWCNT/ZnO nanocomposites

4. Conclusions

The Fe203/MWCNT/ZnO nanocomposites with a variation of ZnO composition were successfully fabricated using the precipitation method,
as confirmed by the results of XRD and FTIR characterization. The obtained diffraction patterns of the nanocomposites validated the presence
of Fe;03 and ZnO phases, in which the ZnO peaks tended to increase following the increase of ZnO composition. Meanwhile, the presence of
MWCNT was confirmed by the emergence of C=C bound vibration at wavenumbers of 1631-1640 cm-.. The nanocomposite's morphology
signified that the constituent particles were spherical, tube, and sheet, representing the presence of Fe;03, MWCNT, and ZnO. Further, the
nanocomposites presented saturation magnetization of 0.01-0.37 emu/gram with weak ferromagnetic characteristics. The bandgap of the
nanocomposites was in the range of 2.261-3.360 eV.
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