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ABSTRACT 

In this study, Cr-TiO2/α-Fe2O3 nanocomposite was prepared by the ball milling method, 

incorporating chromium, titanium dioxide (TiO2), and iron oxide (α-Fe2O3) nanoparticles extracted 

from Logas-Kuansing natural sand. The structural, magnetic, morphological, and optical properties 

of these nanocomposites were investigated using X-ray diffraction (XRD), vibrating sample 

magnetometer (VSM), scanning electron microscopy (SEM), and UV-Vis spectroscopy. XRD 

revealed that both the pure and chromium-added nanocomposites have a hexagonal structure, with 

a crystalline size reduction from 17.5 nm to 19.7, 19.5, and 19.4 nm for the pure and chromium-

added samples with chromium concentrations of 0, 5, 10, and 15 wt.%, respectively. Magnetic 

properties were analyzed through hysteresis loops using VSM, revealing coercivity, saturation 

magnetization, and remanence magnetization in the ranges of 131 – 247 Oe, 0.80 – 0.54 emu/g, 

and 0.097 – 0.116 emu/g, respectively. SEM analysis confirmed that the particle shape and size are 

within the nanometer scale. The optical band gap, estimated using the Tauc relation, decreased 

from 1.93 eV for the pure nanocomposite to 1.74, 1.68, and 1.72 eV for 5, 10, and 15 wt.% 

chromium-added nanocomposites, respectively. This study suggests that the prepared Cr-TiO2/α-

Fe2O3 nanocomposite exhibits promising physical properties as a catalyst for the degradation of 

methylene blue. 
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INTRODUCTION 

The rapid growth of industries in recent 

decades has been remarkable. The discharge of 

several hazardous dyes from various textile 

industries into wastewater is a major cause of 

serious environmental problems that affect 

human health and aquatic ecosystems, due to 

the toxicity and carcinogenic effects of these 

substances. The pollutants released by these 

industries include oils, pharmaceuticals, 

cosmetics, photochemicals, and textile effluents 

[1, 2]. The most commonly used dye in the 

textile industry is methylene blue (MB). MB is 

a cationic dye widely used in various industries, 

including textiles, paper, and plastics. MB is 

known to be toxic, carcinogenic, and mutagenic 

[3]. Nanocomposites have garnered significant 

attention for their potential in environmental 

remediation, particularly for degrading organic 

pollutants. Recycling nanocomposites enhances 

water purification, making it more eco-friendly, 

efficient, and cost-effective [4]. Natural iron 

sand contains iron oxide compositions, 

including magnetite (Fe3O4), maghemite (γ-

Fe2O3), and hematite (α-Fe2O3) [5]. 

Among the various types of metal oxides, 

iron oxides such as α-Fe2O3 are considered one 

of the most important oxides due to their 

numerous technological applications ranging 

from catalysts to biomedical applications and 

environmental remediation [6]. Hematite (α-

Fe2O3), as the most stable iron oxide with n-

type semiconductor properties (for example = 

2.1 eV) [7]. Hematite has a low cost and high 

corrosion resistance, making it an attractive 

material for various applications, such as 

catalysts, pigments, and gas sensors [8]. For a 

compound to show the photocatalytic property, 

it should be a semiconductor with a sufficient 
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band gap to degrade dyes. Metal oxides such as 

TiO2, are widely used due to their 

photocatalytic, catalytic activity, water splitting 

properties, nontoxicity, low-cost, and stability 

[9]. Coupling hematite with other 

semiconductor with higher band gap energy can 

increase the photocatalytic activity. TiO2 with 

high band energy gap (3.0 – 3.2 eV) is suitable 

for coupling with hematite [10]. Previous 

researchers used nanocomposites and metal 

oxides for the photocatalytic degradation of 

dyes, enhancing activity with transition metals 

Ag and Au [11, 12]. There are several methods 

for preparing α- Iron oxide derived from natural 

sand can be prepared using methods such as 

high energy milling (HEM), top down, and ball 

milling. Ball milling is the best choice for 

nanoparticle preparation because it is simple, 

efficient, and cost-effective [13]. 

In this study, iron oxide nanoparticles (α-

Fe2O3) were prepared from natural sand in 

Logas Village, Logas Tanah Darat District, 

Kuantan Singingi Regency, Riau Province, with 

the addition of titanium dioxide (TiO2) 

nanoparticles in a weight percentage (wt.%) 

ratio of 65:35 using a simple, efficient, and 

cost-effective ball milling method to obtain the 

magnetic nanocomposite TiO2/α-Fe2O3. 

Subsequently, chromium (Cr) nanoparticles 

were added in wt.% to form the Cr-TiO2/α-

Fe2O3 nanocomposite. We investigated the 

structural, magnetic, morphological, and optical 

properties of the magnetic Cr-TiO2/α-Fe2O3 

nanocomposite, which serves as an effective 

photocatalyst for the degradation of MB. 

EXPERIMENTAL PROCEDURE 

Raw Material and Chemical 

 

The raw material used for preparing α-Fe₂O₃ 

nanoparticles is natural sands collected from 

Logas Village, Kuansing District, Riau 

Province. The chemical used for the mixture of 

α-Fe₂O₃ nanoparticles to form a nanocomposite 

is titanium dioxide with the addition of 

chromium with a purity of 99.99%. 

 

Preparation of Cr-TiO₂/α-Fe₂O₃ 

 

The separation of iron oxide and non-iron 

oxide particles was carried out using an iron 

sand separator (ISS) and NdFeB magnet. The 

ball milling process was conducted in three 

stages, each lasting 50 hours, with the 

separation of iron oxide and non-iron oxide 

particles at each stage. The product from the 

fourth stage of ball milling (BM 4) was 

combined with TiO₂ nanoparticles in a 65 : 35 

wt.% ratio and divided into five equal parts by 

mass. The TiO₂/α-Fe₂O₃ nanocomposite was 

then further divided into five equal parts and 

doped with Cr nanoparticles at concentrations 

of 0, 5, 10, and 15 wt.%. Next, ball milling was 

performed for 20 hours on each sample, 

resulting in Cr-TiO₂/α-Fe₂O₃ nanocomposites. 

The structural, magnetic, morphological, and 

optical properties of the nanocomposites 

without Cr and with added Cr were analyzed 

using X-ray diffraction (XRD), vibrating 

sample magnetometer (VSM), scanning 

electron microscope (SEM), and UV-Vis 

spectrometer.  

 

RESULTS AND DISCUSSION 

 

Structural Analysis 

 

The XRD patterns of the nanocomposites 

(TiO₂/α-Fe₂O₃) without and with chromium 

added at various compositions are shown in 

Figure 1.  

 

 
Figure 1. XRD patterns of TiO₂/α-Fe₂O₃ 

nanocomposites: (a) without chromium and 

with chromium added at compositions of; (b) 5 

wt.%; (c) 10 wt.%; and (d) 15 wt.%. 
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The patterns were obtained using a Philips 

X-Ray Diffractometer equipped with Cu Kα 

radiation with a wavelength of 1.5406 Å. The 

diffraction patterns of the TiO₂/α-Fe₂O₃ 

nanocomposites show diffraction peak angles at 

23.81°, 32.64°, 35.25°, 40.36°, 48.82°, 53.25°, 

56.68°, 61.82°, and 63.36°, which can be 

indexed to the crystal planes (102), (104), 

(110), (113), (024), (116), (122), (214), and 

(300). These peak positions correspond to the 

standard Bragg positions of hexagonal α-Fe₂O₃, 

in agreement with JCPDS No. 89-8103. 

 

 
Figure 2. Enlarged diffraction angle from 35.0° 

to 35.6°, showing a shift of the peak position to 

a slightly higher angle. 

 

The average crystallite size estimated using 

the Scherrer formula for the nanocomposites 

without chromium is 17.5, 19.7, 19.5, and 19.4 

nm for chromium compositions of 0, 5, 10, and 

15 wt.%, respectively. Additionally, the peak 

intensity was found to increase, indicating a 

reduction in crystallite size with the addition of 

chromium. The XRD pattern also confirmed the 

presence of an additional diffraction peak at 2θ 

= 44.37° in the chromium-doped samples. This 

low-intensity diffraction peak, shown in Figure 

1 (b), (c), and (d), indicates the presence of 

metallic chromium nanoparticles in the 

samples. Therefore, the presence of diffraction 

peaks associated with chromium nanoparticles, 

titanium dioxide, and hematite indicates the 

success of the ball milling method in forming 

Cr-TiO₂/α-Fe₂O₃ nanocomposites. As the 

chromium composition increased, the intensity 

of the (110) peak was found to increase, as 

clearly seen in Figure 1. The XRD patterns of 

the nanocomposites (TiO₂/α-Fe₂O₃) without and 

with added chromium at different 

concentrations are shown in Figure 1 and 2. 

 

Magnetic Properties 

 

 Figure 3 shows the magnetization (M) 

curves as a function of the applied magnetic 

field (H) for the nanocomposites without 

chromium and with chromium additions (0, 5, 

10, and 15 wt.%). The measurements were 

performed using a VSM in an applied magnetic 

field ranging from -20 kOe to +20 kOe. The 

saturation magnetization of the samples was 

calculated from the magnetization plot against 

the applied magnetic field. As shown in Figure 

3, the magnetization behavior as a function of 

the applied magnetic field exhibits hysteresis, 

with the magnetization of the nanocomposites 

increasing as the applied magnetic field 

increases and reaching saturation at a high field 

of 20 kOe. From the Figure 3, it is clear that the 

samples exhibit ferromagnetic behavior. The 

saturation magnetization (Ms) and remanent 

magnetization (Mr) of the sample without 

chromium (Ms = 0.80 emu/g and Mr = 0.097 

emu/g), respectively, decrease with increasing 

chromium content. 

 

 
Figure 3. Hysteresis curves of the 

nanocomposites without and with chromium 

addition, with an inset showing the enlarged 

loop of these samples. 
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The coercivity increases with the addition of 

chromium, which is attributed to the crystallite 

size and morphology of the samples, as shown 

in Figure 4. The increase in the nonmagnetic 

phase content leads to greater segregation 

among the nanocomposites, ultimately reducing 

the magnetization values. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure 4. SEM images of: (a) nanocomposites 

without Cr; (b) nanocomposites with 10 wt.% 

Cr; and (c) nanocomposites with 15 wt.% Cr. 

Optical Properties 

 

The effect of chromium addition (10 and 15 

wt.%) on the optical properties of the 

nanocomposites was studied based on optical 

absorption measurements using a UV-Vis 

spectrometer. The optical absorption spectra of 

the nanocomposites without chromium and with 

chromium additions at 5, 10, and 15 wt.% as a 

function of wavelength, as well as the optical 

band gap with the average crystallite size and 

absorption peak as a function of chromium 

composition, are shown in Figures 5 (a) and 5 

(b), respectively.  

 

 
(a) 

 

 
(b) 

Figure 5. (a) Absorption spectra of the 

nanocomposites without chromium and with 

chromium addition at various compositions; 

and (b) variation of crystallite size with the 

optical band gap and absorption peak as a 

function of chromium composition. 

 

A strong absorption at wavelengths of 234, 

230, 215, and 226 nm was observed in the 

nanocomposites for chromium additions of 0, 5, 

10, and 15 wt.%, respectively. This strong 
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absorption was found to shift towards higher 

wavelengths, corresponding to lower energy, 

with increasing chromium concentration, 

resulting in greater methylene blue degradation. 

The optical band gap was obtained by 

plotting (αhν)² against photon energy (hν) and 

extrapolating the linear region (α = 0). The 

optical band gap was estimated using the Tauc 

equation: 

 

 
(1) 

 

where h is Planck's constant, ν is the frequency, 

α is the absorption coefficient, and n is either 

1/2 for direct transitions or 2 for indirect 

transitions. 

The direct band gap of the nanocomposites 

is shown in Figure 6. The results indicate that 

the optical band gap calculated through UV-Vis 

spectroscopy decreased from 1.93 to 1.72 eV as 

the chromium composition increased from 0 to 

15 wt.%. The addition of chromium can narrow 

the optical band gap of iron oxide 

nanoparticles. Figure 5 (b) shows the variation 

of average crystallite size with the optical band 

gap of the nanocomposites with chromium 

addition. The band gap of the nanocomposites 

without chromium and with chromium addition 

decreased. Therefore, the crystallite size 

reduced the band gap of the nanoparticles. This 

is due to the reduction in particle size and 

average crystallite size, causing the material's 

band gap to decrease, where the valence band 

shifts to lower energy and the conduction band 

shifts to higher energy, resulting in greater 

methylene blue degradation. 

 

 
 

 
 

  
Figure 6. Band gap energy of the nanocomposites without and with chromium addition at various 

weight percentages. 

 

CONCLUSION 

TiO2/α-Fe2O3 nanocomposites with various 

chromium weight percentages ranging from 0 

wt.% to 15 wt.% were successfully synthesized 

using the ball milling method for methylene 

blue degradation. Structural characterization 

studies using XRD revealed that all samples 

exhibited high crystallinity with a 

rhombohedral structure. The average crystallite 

size tended to decrease with increasing 

chromium content. The success of the ball 

milling method in forming chromium-added 

nanocomposites was indicated by the presence 

of diffraction peaks associated with chromium 

nanoparticles and TiO2/α-Fe2O3. Magnetic 
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property studies confirmed the ferromagnetic 

nature of the samples. The morphological 

properties showed that nanocomposite 

agglomeration was more dominant in samples 

without chromium addition. The optical band 

gap obtained from Tauc plots showed a 

decrease with increasing chromium 

concentration. The results demonstrate that the 

Cr-TiO2/α-Fe2O3 nanocomposites obtained via 

this simple ball milling method have the 

potential as catalysts for methylene blue 

degradation. 
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