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ABSTRACT 

In this study, the iron oxide/titanium dioxide (α-Fe2O3/TiO2) nanocomposites were prepared by ball milling 

method using Logas natural sand as raw material. The effects of milling time on the structural, magnetic properties, and 

chemical composition of the sample were investigated using X-ray diffraction (XRD), vibrating sample magnetometer 

(VSM), and X ray fluorescence (XRF) spectroscopy, respectively.  The XRF measurement results found that the samples 

were composed of α-Fe2O3, TiO2, SiO2, and others. The crystallinity, magnetic, and composition properties of the samples 

were modified as milling time increases. The XRD patterns revealed that the samples have a hexagonal structure however, 

the crystalline size decreases with increasing milling time. The average crystallite size of iron oxide (α-Fe2O3), TiO2, and α-

Fe2O3/TiO2 calculated based on Scherrer’s formula was found to be 62.42nm, 37.12nm, and 49.77nm, respectively. The 

magnetic properties of the sample were studied through hysteresis loops measured using VSM to investigate the effect of 

milling time on the magnetic properties and found that all samples exhibited ferromagnetic behaviour with saturation 

magnetization (Ms) and remanence magnetization (Mr) increases to 63 and 74 %, respectively as milling time increases to 

200h. The coercivity of the samples increases up to 360.10 Oe for the milling time of 100h and then decreases as the 

milling time increases. These coercivity values are smaller compared to that of pure hematite (α Fe2O3) nanoparticles. The 

α-Fe2O3/TiO2 nanocomposites with controlled crystallite size and magnetic properties through different milling times may 

enable them to be used for environmental applications. 
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INTRODUCTION 

Metal oxides such as Fe2O3, Fe3O4, TiO2, ZnO, 

CuO, SnO2dan CeO2are oxides that have received a lot of 

attention from researchers, not only in fundamental 

properties but also in their technological applications 

ranging from high-density magnetic recording media to 

catalysts[1,2].Amongst these various metal oxide 

catalysts, iron oxide (α-Fe2O3) in controllable size has 

received considerable attention because of its broad range 

of applications. Metallic magnetic iron oxide shows 

promising catalytic activity because it is stable and has 

high specific surface area, and high crystallinity[3]. 

Therefore, α-Fe2O3 nanoparticles can be an alternative 

nanoparticle for environmental applications and 

wastewater treatment[4]. Apart from being stable, iron 

oxide (α-Fe2O3) nanoparticles are abundantly available in 

nature [5] and have a small energy band gap, namely 2.0-

2.2 eV[6], so they can absorb visible light radiation. 

However, the catalytic activity of α-Fe2O3 iron oxide 

depends on the particle size. Various methods have been 

developed to obtain iron oxide nanoparticles with 

controlled sizes such as co-precipitation, hydrothermal[7], 

sol-gel [8] microwave [9], and ball milling[10,11]methods. 

However, to obtain iron oxide nanoparticles with 

controlled size, cheaply and efficiently, the ball milling 

method [12,13] can be used. Previous researchers [14,15] 

have used the ball milling method to prepare iron oxide 

nanoparticles. For example, researchers[15], prepared iron 

oxide nanoparticles directly from Logas natural sand-

Kuansing District, Riau Province using the ball milling 

method and found that the ball milling product consisted 

of iron oxide (α-Fe2O3) nanoparticles with average 

crystallite size 39.2 nm.  

The degradation efficiency of α-Fe2O3 iron oxide 

nanoparticles is reduced in water solution due to the 

agglomeration or large clusters due to dipolar attraction in 

magnetic iron oxide nanoparticles and thus reduces their 

specific properties of the nanoparticles. This is one of the 

weaknesses of α-Fe2O3 iron oxide nanoparticles as a 

catalyst. To overcome this weakness, previous 

researchers[16] used metal oxide nanoparticles such as 

titanium dioxide (TiO2) to form a composite α-Fe2O3/TiO2 

with unique properties. For example, some researchers[17] 

recently used TiO2/α-Fe2O3 composite which was prepared 

using the ball milling method, and applied it as a 

photocatalyst to degrade dyes with high degradation 
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efficiency[18]. Therefore, in this research α-Fe2O3/TiO2 

nanocomposite prepared from Logas natural sand, 

Kuansing district, Riau province using the ball milling 

method, and their structure, magnetic properties, and 

chemical composition were studied so that they could be 

used as a catalyst for the degradation of methylene blue 

dye. 

 

EXPERIMENTAL PROCEDURE 

 

Raw Material and Chemical  

α-Fe2O3/TiO2 nanocomposites were prepared 

from natural sand from Logas village-Kuansing District 

Riau Province. Pure hematite (α-Fe2O3) nanoparticles were 

purchased from TokoPedia (www.tokopedia.com). 

 

Preparation of α-Fe2O3/TiO2 Nanocomposites 

α-Fe2O3/TiO2 nanocomposites were prepared 

using Logas natural sand as raw material by ball milling 

method as the following steps: At first, the amount of non 

iron oxide particles of the samples was reduced using an 

ironsandseparator (ISS). The obtained iron oxide particles 

were then processed by a strong NdFeB magnet to 

separate between iron oxide and non-iron oxide particles 

before undergoing a 4-stage ball milled process with 15 

milling balls of 20 mm-diameter iron balls in the vial. The 

first stage of milling lasted for 50 hours and was followed 

by separation between iron oxide and non-iron oxide using 

a strong NdFeB magnet. The second, third, and fourth 

stages of milling were carried out for 50 hours each and 

followed by separation between iron oxide and non-iron 

oxide using a strong NdFeB magnet for each stage. To 

investigate the influence of milling time on the α-

Fe2O3/TiO2 nanocomposite, pure hematite (α-Fe2O3) 

nanoparticles were used for comparison. 

 

Characterization of α-Fe2O3/TiO2 Nanocomposites 

The prepared samples were examined by XRD, 

VSM, and XRF to study their structural, magnetic, and 

compositional properties. The structural properties of the 

samples were examined by X-ray diffraction (XRD; PAN 

analytical Xpert Pro.) equipped with Cu-Kα Radiation in 
the range of 10-100o. To analyse the magnetic properties, 

the samples were examined by a vibration sample 

magnetometer (VSM). The chemical compositions of the 

prepared nanocomposites were examined by X-ray 

fluorescence (XRF) spectroscopy. In this research, pure α-

Fe2O3 nanoparticles were used for comparison. 

 

RESULTS AND DISCUSSIONS 

 

Structural Analysis  

The XRD patterns of α- Fe2O3/TiO2 

nanocomposite are displayed in Figure-1. The 

nanocomposite  patterns revealed  9 main diffraction peaks 

at 2θ = 23.968°,  32.773°,  35.381°,  40.496°,  49.019°, 

53.424°,  61.824o, 63.481o, and 70.786° for milling time of 

50 h. These diffraction peaks were due to the crystal plane 

of the hematite structure (102), (104), (110), (113), (024), 

(116), (122), (214), (300), and (119) planes. The α- 

Fe2O3/TiO2 nanocomposite was found to have the same 

crystal planes of hexagonal α-Fe2O3[13] which is in good 

agreement with the JCPDS (Joint Committee on Powder 

Diffraction Standards) data file No. JCPDS: 33-0664[19]. 

However, the effect of increasing milling time shifts the 

diffraction peaks towards the slightly lower diffraction 

angle region as shown in Figure-2. An additional peak of 

TiO2 confirms the formation of α- Fe2O3/TiO2 

nanocomposite with a high degree of crystallinity revealed 

by sharp and narrow diffraction peaks. It was shown in 

Figure-2 that with increased milling time, the increased 

peak width indicates reduced crystallite size. The 

expanded XRD patterns of α-Fe2O3/TiO2 nanocomposite 

in the range from 2θ = 32.4° to 33.6° show clear a shift in 
the diffraction peak positions compared to that for pure α-

Fe2O3 nanoparticles. 

The average crystallite size of prepared 

nanocomposites was determined by observing all the 

maximum intensity peaks in the XRD pattern using 

Scherrer’s formula (D = Kλ/βcos θ) [20]. Here K is the 

Scherrer’s factor (0.9), λ is the wavelength of incident X-

rays, β is the FWHM and θ is the Bragg’s diffraction angle 

for the observed peak. In addition to all diffraction peaks 

of α- Fe2O3, another diffraction peak appeared at 37.313o 

which corresponded to the (004) plane of TiO2 (JCPDS 

file No 21-1272).Moreover, another diffraction peak at 

2θ= 25.61o corresponds to the (111) plane of silicon. XRD 

results demonstrated that the crystalline TiO2 and α-Fe2O3 

coexisted in α-Fe2O3/TiO2 nanocomposite. The average 

crystallite sizes for α-Fe2O3 nanoparticles were found to 

decrease as milling time increased as indicated in Figure-

3.The average crystallite size of TiO2 is 37.12 nm. The 

average crystallite size of α-Fe2O3/TiO2 nanocomposite 

and TiO2 nanoparticles is smaller than that for iron oxide 

α-Fe2O3.  

The results revealed that the intensity peaks of the 

TiO2 peaks appear to be quite low when the milling time 

increases and the peak's intensity increases slightly. 

Moreover, the intensity of α-Fe2O3 peaks increases as 

milling time increases. The XRD patterns indicated that 

the α-Fe2O3 nanoparticles have an average crystallite size 

of 62.42 nm and based on the dominant peak (104) the 

average crystallite size is 52.31 as shown in Table-1. The 

decrease in the degree of agglomeration among iron oxide 

(α-Fe2O3) nanoparticles is due to the increase in milling 

time. This is one of the responsible parameters to produce 

the smaller size of iron oxide (α- Fe2O3)/TiO2 

nanocomposite. The chemical composition of the samples 

is presented in Table-2. It can be seen that the XRF data 

evidence the occurrence of TiO2. The table also indicates 

that the α-Fe2O3/TiO2 nanocomposite is not free from 

impurity elements such as SiO2. 
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Figure-1.X-ray diffraction patterns of α-Fe2O3/TiO2 

nanocomposite for different milling times and pure 

hematite (α-Fe2O3) nanoparticles for comparison. 

 

Table-1. Average crystallite size of α- Fe2O3, TiO2, 

and α- Fe2O3/TiO2 nanocomposite. 
 

Sample 

Average 

Crystallite size 

of all peaks 

(nm) 

Average 

Crystallite size 

peak (104) (nm) 

α- Fe2O3 62.42 52.31 

TiO2 37.12 - 

α- Fe2O3/TiO2 49.77 - 
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Figure-2. Expanded diffraction angle of peak (104) α-

Fe2O3/TiO2 nanocomposite for different milling times 

showing a shift of peak position to slightly lower 

diffraction angle and pure α-Fe2O3 for comparison. 

 

 
 

Figure-3.The average crystallite size of α-Fe2O3 based on 

all peaks, peak (104), and crystallite size of TiO2 as a  

function of milling time. 

 

Table-2. Concentration of iron oxide (α-Fe2O3), TiO2, 

SiO2 and other nanoparticles in the samples for  

different milling time. 
 

Milling 

Time 

(hours) 

α-Fe2O3 

(%) 

TiO2 

(%) 

SiO2 

(%) 

Others 

(%) 

50 32.328 25.818 31.598 10.256 

100 41.835 28.582 21.243 8.340 

150 42.863 30.562 18.262 8.313 

200 53.274 40.464 0.924 5.338 

 

Magnetic Properties 

The magnetic properties of the α-Fe2O3/TiO2 

nanocomposites have been studied through their hysteresis 

loops measured using a vibration sample magnetometer 

(VSM). The applied magnetic field used in this 

measurement sweeps from - 20 to 20 kOe. As shown in 

Figure-4, the magnetization measurement results of all the 

samples show the presence of ferromagnetic behaviour 

characterized by their low coercivity value. The hysteresis 

loops analysis shows that the saturation magnetization 

(Ms) and remanent magnetization (Mr) values increase 

with increasing the applied magnetic field and reach the 

saturation value under a high applied magnetic field of 20 

kOe, which agrees with previous observations in earlier 

works[21]. The magnetic parameters consisting of Ms, Mr, 

and Hc of the prepared α-Fe2O3/TiO2 nanocomposites are 

shown in Figure-5. The increase of Ms Value with 

increasing milling time might be because of the increasing 

amount of α-Fe2O3 which contributes to the magnetization 

value of the samples. The increasing amount of α-Fe2O3 

leads to a higher magnetic moment per unit mass. The 

saturation magnetization of α-Fe2O3/TiO2 nanocomposite 

is in good agreement with those reported by previous 

researchers[22]. 

The coercivity of the α-Fe2O3/TiO2 prepared with 

a milling time of 50 h is about 349.42Oe and increases to 

360.10Oe and then decreases to 357.94 and 88.50Oe with 

increasing milling time of 100, 150 and 200h, respectively. 

Thus the increase of coercivity in this range (50 to 100h) 

of milling time can be qualitatively understood in terms of 

the effect of more segregation among oxide nanoparticles, 

which ultimately reduces exchange coupling between 

weakly coupled iron oxide nanoparticles or clusters[23]. 

Furthermore, magnetization data are smaller than those of 

pure Fe2O3 nanoparticles as indicated in Figure-6. The 

magnetic data of Fe2O3 nanoparticles are Ms = 0.899 

emu/g, HC=1397.71Oe. Comparing these data indicates 

that all α-Fe2O3/TiO2 nanocomposites exhibit high 

saturation magnetization compared to that of pureα-Fe2O3 

nanoparticles, which is related to the high magnetization 

of other atoms in the samples. However, α-Fe2O3/TiO2 

nanocomposite derived from Logas natural sand has 

smaller coercivity (Hc) values as compared to that of pure 

α-Fe2O3 nanoparticles, which proved their better 

superparamagnetic behaviour. Hence, it can be concluded 

that the α-Fe2O3/TiO2 nanocomposite improves its 

superparamagnetic properties.  
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Figure-4. Hysteresis loops of α-Fe2O3/TiO2nano 

composite with different milling times and the inset 

showing the enlarged loop of the samples. 

 

 
 

Figure-5.Saturation magnetization (Ms), remanent 

magnetization (Mr), and coercivity (Hc) of α-Fe2O3/TiO2 

nanocomposite as a function of milling time. 

 

 
 

Figure-6.Hysteresis loop of pure hematite 

(α-Fe2O3) nanoparticles. 

 

CONCLUSIONS 

In this study, α-Fe2O3/TiO2 nanocomposites were 

prepared by milling method. The XRD measurement 

revealed that the sample has a hematite phase with a high 

degree of crystalline. The measurements also confirmed 

the crystallite size decreases as milling time increases. The 

results of the VSM analysis showed that increasing milling 

time from 50h to 200h caused 63% and 74% increase in 

the saturation magnetization and remanence magnetization 

values, respectively. The coercivity of the samples 

increases with increasing milling time up to 100h and 

decreases rapidly after 150h. The XRF study showed that 

the samples are not free from impurity elements such as 

SiO2. The ability to modify α-Fe2O3/TiO2 nanocomposites 

with controlled crystallite size through different milling 

times may enable them to be used for environmental 

applications.  
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