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 Abstract 

MnxFe3-xO4-Poly(m-ABS) nanocomposite has been successfully synthesized by in-

situ polymerization. In the formation of MnxFe3-xO4-Poly(m-ABS) nanocomposites, FeCl 

synthesized from iron sand acts as an oxidant and m-aminobenzenesulfonic acid (m-ABS) 

as a monomer. Structural characterization has been successfully carried out using XRD, 

FTIR, and SEM. XRD test results show that the MnxFe3-xO4-Poly(m-ABS) nanocomposite 

has a particle size of about 10.62 nm. The appearance of peaks (111) and (620) with low 

intensity indicated the presence of poly(m-ABS). This low intensity was probably caused 

by the amorphous character of polyaniline and its derivatives. The FTIR results show the 

appearance of asymmetrical and symmetrical S=O strains, S-O, and C-S strains are the 

main characteristics of poly(m-ABS) which indicate the success of monomer 

polymerization. The results of the SEM test show that circular shapes dominate the 

particles with varying sizes with an average size of 42 nm. This result is different from the 

XRD results because SEM can only measure the surface of the particles, so the resulting 

size tends to be larger. Based on the study of the structure obtained shows that the MnxFe3-

xO4-Poly(m-ABS) nanocomposite has the potential to be applied to energy conversion 

devices. 

Keywords: MnxFe3-xO4, poly(m-aminobenzenesulfonic acid), structure, nanoparticles. 

 

1. Introduction 

The development of nanotechnology currently has a strategic role in various industrial products, 

including telecommunications, pharmacy and medical, cosmetics, textiles, electronic devices, 

optoelectronics, and energy conversion devices [1]. The role of nanotechnology, especially in energy 

conversion, is currently an exciting research area to study and explore. One that is being studied a lot is 

magnetite nanoparticles. Magnetite (Fe3O4) has a wide application. Magnetic is a group of ferrimagnetic 

materials in their bulk size. At the nanometer size, magnetic becomes a superparamagnetic material 

with promising properties such as biocompatibility and environmental stability [2]. Magnetite can also 

transduce external magnetic field energy into thermal and mechanical responses used in biomedical 

applications [3]. However, to obtain good performance from magnetite, functionalization is needed. 

This functionalization is carried out by coating the magnetite surface with both organic and inorganic 

polymers [4]. 

In recent years researchers have focused on synthesizing nano-polymer composites with 

magnetite particles because of their flexibility for applications in engineering. The polymer that is the 

centre of research at this time is conductive. One of the most popular conductive polymers is 

polyaniline. Polyaniline has become a concern because it has unique properties, i.e. good environmental 

stability, high electrical conductivity, and low cost [5]. Wang et al. [6] reported that Fe3O4/Polyaniline 

has the potential for supercapacitors. Its ferromagnetic behaviour indicates this with a 4.22–48.4 emu/g 

saturation magnetization and increased thermal stability. Sadegh et al. [7] reported that Fe3O4@PANI 

plays a role in increasing solar cell efficiency. Its superparamagnetic properties indicate with saturation 

magnetization of 44.09 emu/g and Power Conversion Efficiency (PCE) of 1.53%. Sunaryono et al. [8] 
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reported that magnetite composites with polyaniline can also be applied as drug delivery media in cancer 

therapy. In their study [8], Mn doping was also reported to obtain good magnetic properties with optimal 

saturation magnetization values. However, the polyline has poor solubility in water or organic solvents. 

Based on that problem, substituted polyaniline was developed, especially sulfonated polyaniline, which 

can increase the solubility and ability of polyaniline [9]–[12]. This magnetite composite and its 

derivatives from polyaniline have been reported by Modarresi-Alam et al. [11] for the synthesis process 

using the solid-state method. Then Shabzendedar et al. [12] reported that magnetite composites with m-

aminobenzenesulfonic acid (NCPABS-Fe3O4) could be applied as solar cell polymers. This is evidenced 

by the PCE of 4.24%. However, studies on magnetite doped with Mn and composited with polyaniline 

derivatives have not been widely reported. Therefore, it is necessary to conduct a study on MnxFe3-xO4-

Poly(m-ABS) nanocomposites. 

In this study, we report the successful synthesis of natural sand-based MnxFe3-xO4-Poly(m-ABS) 

nanocomposite using in-situ polymerization. In this study, m-ABS was used as a monomer and FeCl 

from natural sand, which acts as an oxidant in the polymerization process and as a precursor in forming 

Fe3O4 as a source of Fe2+ and Fe3+. The addition of Mn doping is expected to maximize the role of 

magnetite to obtain an increase in magnetic properties [13]. This study aimed to examine the structure 

formed from the MnxFe3-xO4-Poly(m-ABS) nanocomposite. For this reason, X-Ray Diffractometer 

(XRD) characterization was carried out to determine the formed sample phase and ensure the synthesis's 

success. Then the Fourier Transform Infrared (FTIR) characterization was used to analyze the 

functional groups formed from the composite and Scanning Electron Microscope (SEM) to determine 

the surface morphology and particle size of the MnxFe3-xO4-Poly(m-ABS) composite. 

 

2. Method 

2.1. Material 

The materials used in this study include, i.e. iron sand from Sine beach Tulungagung (Indonesia), 

hydrochloric acid 37%, m-aminobenzenesulfonic acid, MnCl2.4H2O 99.9%, ammonia solution 

(NH4OH) 25%, and aquades. 
 

2.2. Synthesis of MnxFe3-xO4-Poly(m-ABS) 

The iron sand is separated first by using a permanent magnet until the sand is free from impurities. The 

pure iron sand powder was weighed as much as 20 grams, reacted with 58 mL HCl for 30 minutes with 

a hotplate magnetic stirrer, and then filtered to produce FeCl. Then 18 mL of filtered FeCl was mixed 

with MnCl2 and stirred for 30 minutes until homogeneous. After the mixture was homogeneous, 7 mmol 

(1.2124 g) m-ABS was added in two stages with a distance of 10 minutes. Stirring was continued for 

up to 1 hour until the colour of the mixture changed to brown. Then the mixture was left at 40–45 °C 

for 24 hours, after which it was cooled at room temperature. The mixture was then reacted with 25 mL 

of NH4OH and stirred with a hotplate magnetic stirrer for 30 minutes. After the mixing process is 

complete, the mixture is washed with distilled water and filtered with filter paper. The final stage is the 

residual solids obtained in the oven at a temperature of 100 °C for 1 hour until a blackish-brown powder 

is obtained. 

 

3. Result and Discussion 

3.1. FTIR Characterization 

The results of the FTIR spectrum of the MnxFe3-xO4-Poly(m-ABS) nanocomposite can be seen in Figure 

1. The wide absorption at 3,588 cm-1 is defined as the O-H strain, representing water in the MnxFe3-xO4-

Poly(m-ABS) nanocomposite. The stretching pattern corresponds to the O-H absorption in the value 

range 3,750–3,000 cm-1 [14], [15]. The peaks of 1,643 cm-1 and 1,601 cm-1 showed absorption bands 

indicated as stretches of C=N and C=C quinoids [10], [16]–[18], then peaks of 1,483 cm-1 and 1,414 

cm-1 were identified as benzenoid [17], [19]–[22]. The absorption peak of 1,314 cm-1 is represented as 

an aromatic C-N strain band [7], [9], [11], [12]. The absorption bands at 1,267 cm-1 were identified as 

O=S=O asymmetric strains, and the absorption peaks of 1,111 cm-1 and 1,040 cm-1 were allocated as 

O=S=O symmetric stretches [9], [11], [23]. The strong absorption peak at 1,207 cm-1 is represented as 

a C-N.+ vibration which shows the characteristic polaron shape, which is a specific band in protonated 

and doped conductive polymers [7], [12], [19]–[22]. Absorption at 620 cm-1 and 725 cm-1 was determi- 
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Figure 1. FTIR spectrum of MnxFe3-xO4-Poly(m-ABS) and MnxFe3-xO4. 

 

ned as characteristic of the S-O strain in the sulfonic and C-S aromatic groups [9], [11], [23]–[25]. The 

absorption peaks at 874 cm-1 and 991 cm-1 indicated the presence of C-H outside the vibrational plane, 

indicating the presence of 1, 2, 4, and 1,4 substituted benzene rings, indicating that the monomers in 

the polymer are head-to-tail is required in the formation of polymer chains [7], [9], [11]. The Fe-O 

functional group was detected in the vibrational wave number 552 cm-1 according to the Fe-O 

absorption range at 500–750 cm-1 [26], [27]. The appearance of asymmetric and symmetrical strains 

O=S=O, S-O, and C-S strains is the main characteristic of poly(m-ABS) which indicates the success of 

monomer polymerization [11]. 
 

3.2. XRD Characterization 

The results of the XRD characterization of the MnxFe3-xO4-Poly(m-ABS) nanocomposite can be seen in 

Figure 2. The diffraction peaks in the XRD data have been adjusted to the Fe3O4 diffraction pattern, 

which refers to the AMCSD 0007423 database. In the XRD data, it can be observed that several peaks 

appear at the value of 2, i.e. 30.23, 35.56, 43.24, 57.12, and 62.84, with the hkl planes being 

(220), (311), (400), (422), (511), and (440), the resulting diffraction peaks indicate that the structure is 

cubic spinel [28]. The appearance of peaks (111), (620) with low intensity, and (440) showed that the 

synthesized polymer had its crystal structure, as reported by Shabzendedar et al. [12]. The relatively 

small peak intensity is also possible due to a rigid benzene ring in the polymer chain, which can prevent 

the formation of a crystal structure [29]. This is also supported by the characteristics of polyaniline, 

which tends to have the characteristics of amorphous materials [30]. 

The particle size of the MnxFe3-xO4-Poly(m-ABS) nanocomposite was analyzed quantitatively 

using Origin software using the Debye-Scherrer equation (Equation 1). 
 

D = 
K 

  cos 
 (1) 

 

D is the crystal size, K is a constant,  is the width of half the peak in maximum intensity (FWHM),  

is the wavelength, and  is the Bragg angle of the highest peak [31]. The measurement results using 

Equation 1 obtained the particle size of the nanocomposite MnxFe3-xO4-Poly(m-ABS) ranging from 

10.62 nm. This result is not much different from the MnxFe3-xO4@PANI composite reported by 

Sunaryono et al. at 8.09 nm [8] and the Fe3O4/PANI composite reported by Ismail et al. at 14.3 nm, 

which confirms the nano size of ferrite [32]. Shabzendedar et al. also reported that the m-

aminobenzenesulfonic acid-Fe3O4 (NCPABS-Fe3O4) composite has a particle size of 48 nm and was 

applied to polymer solar cells [12]. The nanoscale particle size has been found to be effective for 

enhancing dye absorption and improving sunlight absorption to increase solar cell efficiency [33], [34]. 
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Figure 2. XRD characterization of MnxFe3-xO4-Poly(m-ABS) and MnxFe3-xO4. 

 

3.3. SEM Characterization 

The surface morphology of the MnxFe3-xO4-Poly(m-ABS) nanocomposite was characterized by SEM, 

which is shown in Figure 3. The results of the SEM image analysis can be seen that circular shapes 

dominate the shape with varying sizes. The particles experience agglomeration, which causes the 

appearance of clusters of particles. The appearance of a group of particles can occur due to 

agglomeration events in the sample. SEM analysis showed an average particle size of 42 nm. The 

particle size of MnxFe3-xO4-Poly(m-ABS) nanocomposite corresponds to the core-shell nanocomposite 

of poly(m-ABS acid)-Fe3O4 (NCPABS-Fe3O4) at 42 nm for solar cell polymers [12] and also 

Fe3O4@PANI composites at 48 nm for solar cell polymers [7] using SEM analysis. From the structural 

analysis results obtained, the potential of MnxFe3-xO4-Poly(m-ABS) nanocomposite to be applied as a 

solar cell polymer material is quite possible, coupled with the nanoscale particle size, which is reported 

to increase the absorption of sunlight [34]. The particle size obtained from the SEM characterization is 

much larger than the particle size from the XRD characterization. This is because the SEM 

characterization only measures the particle's surface, so what is measured is the diameter of the particle 

cluster [35]. 

 

  
(a) (b) 

 

Figure 3. (a) SEM image of MnxFe3-xO4-Poly(m-ABS), (b) particle size distribution of MnxFe3-xO4-Poly(m-ABS) 

nanocomposites. 
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4. Conclusion 

Synthesis of MnxFe3-xO4-Poly(m-ABS) nanocomposite based on iron sand has been successfully carried 

out. The particle size was 10.62 nm with a spinel cubic structure from the XRD characterization. The 

appearance of peaks with low intensity, i.e. (111) and (620), indicates that the synthesized polymer has 

its crystal structure. The relatively small intensity can be influenced by polyaniline's nature, which tends 

to be amorphous. Based on the FTIR spectrum, the appearance of asymmetric and symmetrical strains 

O=S=O, S-O, and C-S strains are the main characteristics of poly(m-ABS) which indicate the success 

of monomer polymerization. SEM analysis shows a particle size of 42 nm, this result is different from 

XRD results because SEM can only measure the particle's surface, so the resulting size tends to be 

larger. From the study results of the structure obtained, the MnxFe3-xO4-Poly(m-ABS) nanocomposite 

allows it to be applied as an energy conversion material, supported by the nanoscale particle size which 

is reported to increase the absorption of sunlight. 
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