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Currently, demand for magnetic materials across various industrial 

sectors continues to grow. Among hard magnetic ferrites, barium 

hexaferrite is widely used due to its ability to retain magnetization 

after removal of the external magnetic field. Despite these advantages, 

its relatively high density and tendency to agglomerate can limit its 

use in certain applications. Therefore, titania was incorporated as a 

complementary phase to modify the properties of barium hexaferrite. 

This study presents a simple and modular approach for preparing a 

barium hexaferrite/titania nanocomposite through separate 

coprecipitation and sol–gel routes, followed by wet mixing of 0.6 g of 

barium hexaferrite and 0.4 g of titania. The resulting nanocomposite 

was characterized using XRD, SEM-EDX mapping, FTIR, and VSM. 
The XRD pattern revealed the formation of barium hexaferrite and 

anatase titania phases, with crystallite sizes of 62.12 and 15.26 nm, 

respectively, along with hematite and barium carbonate impurity 

phases. The FTIR spectrum showed characteristic bands associated 

with Ba–O, Fe–O, Ti–O, C–O, and O–H bonds. SEM-EDX mapping 

analysis revealed a dense and aggregated morphology with relatively 

uniform surface topography, containing Ba, Fe, Ti, and O. The VSM 

hysteresis curve demonstrated ferrimagnetic behavior, with Ms, Mr, 

and Hc values of 18.86 emu/g, 7.88 emu/g, and 4663 Oe, respectively.  

 

 

 

  Copyright (c) 2026 by Author(s). This work is licensed under a Creative 
Commons Attribution-ShareAlike 4.0 International License. 

Introduction 

Currently, the industrial need for magnetic materials is increasing, especially hard ferrite 
magnetics [1,2]. The main advantage of hard magnetic materials lies in their natural properties, 
which enable them to retain magnetization for longer even after the external field is removed 

[3]. One of the popular hard magnetics being researched is Barium hexaferrite. Barium 
hexaferrite is a hard magnetic material with high saturation magnetization, high crystal 
anisotropy, good chemical stability, high Curie temperature, and corrosion resistance [4–8]. 
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With these characteristics, barium hexaferrite is widely used in the military sector as an 
electromagnetic wave absorber because its high permeability and high magnetic saturation 
minimize impedance mismatch, thereby increasing absorption capability [9,10]. Barium 
hexaferrite is also used in the automotive industry as a permanent magnet in electric motors 
and sensors because of its high coercivity and chemical stability [11]. Barium hexaferrite can 
be used as a recording medium and magnet in television because of its high Curie temperature 
[12,13]. In addition, Barium hexaferrite has a relatively small bandgap, so it can absorb some 
direct sunlight irradiation [14,15]. 

However, despite the advantages of barium hexaferrite, certain properties, such as high 
density and susceptibility to agglomeration, limit its use in certain applications. Therefore, 
modifications to its structure, morphology, or magnetic properties are required and can be 
achieved through temperature changes, doping, or combining it with other materials to 
achieve optimal characteristics. One of the excellent materials to combine with barium 
hexaferrite is titania. Titania is a semiconductor that has high dielectric, high chemical stability, 
high photosensitivity, is easy to synthesize, is non-toxic, has a large surface area, has a wide 
band gap, and acts as an anti-corrosive material [16–19]. Titania has been reported to exhibit 
dielectric and photocatalytic properties, making it a suitable counterpart to barium hexaferrite. 
Its tunable dielectric constant can help balance the magnetic response of barium hexaferrite 
for electromagnetic absorber applications [20,21], while its ability to promote electron–hole 
generation and reactive species formation contributes to photocatalytic activity [22,23]. 
Therefore, combining barium hexaferrite with titania provides complementary characteristics 
that may be relevant to various applications. 

Accordingly, various synthesis strategies have been explored to integrate barium hexaferrite 
and titania. The use of different synthesis methods, temperatures, and phase ratios can affect 
the resulting crystal structure, morphology, and magnetic properties of the nanocomposites. 
For example, barium hexaferrite platelets have been prepared through a separate synthesis 
route and subsequently combined with titania with controlled crystal facets under controlled 
suspension conditions, resulting in hexagonal-shaped microplate facets [24]. Another study 
employed mechanical activation and subsequent calcination to prepare barium hexaferrite, 
then mixed it with titania at a 70:30 ratio and further sintered the mixture. The nanocomposite 
exhibited a slightly agglomerated morphology, accompanied by a decrease in magnetization 
after Ni incorporation [25]. More recently, barium hexaferrite has been synthesized via 
microwave and sol–gel autocombustion methods, followed by the formation of titania from 
titanium (IV) isopropoxide in the presence of preformed barium hexaferrite, and subsequent 
calcination. The microwave-assisted route produced nanoplate-shaped particles, whereas the 
sol–gel method yielded more sphere-like particles and was accompanied by the formation of 
impurity phases at a calcination temperature of 700 °C [26]. A similar approach has been 
reported in which titania was formed through a sol–gel process in the presence of barium 
hexaferrite at a 50:50 ratio, followed by additional thermal treatment to obtain the 
nanocomposite. The resulting material displayed an agglomerated morphology, along with 
moderate magnetization [27]. 

In this study, a modular preparation route was employed, in which barium hexaferrite and 
titania were synthesized independently via coprecipitation and sol–gel methods, respectively, 
and then combined by wet mixing. Unlike previously reported approaches that involve 
forming titania in the presence of barium hexaferrite, mechanical activation, or additional 
thermal treatment after composite formation, the present method combines two preformed 
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phases after their individual synthesis. This separation allows the preparation conditions for 
barium hexaferrite and titania to be controlled independently while avoiding the need for 
additional high-temperature treatment after their combination. The resulting barium 
hexaferrite/titania composite was investigated for its structural characteristics, functional 
groups, morphology, elemental distribution, and magnetic properties. This provides a clearer 
understanding of the properties that can be obtained when preformed barium hexaferrite and 
titania are combined through a simple post-synthesis mixing route. 

Experimental Method 

This research used materials in the form of iron (III) nitrate nonahydrate (Fe(NO3)3· 9H2O), 
barium nitrate (Ba(NO3)2), sodium hydroxide (NaOH), nitric acid (HNO3), isopropanol, glacial 
acetic acid, titanium (IV) isopropoxide (TTIP), and deionized water.  Barium hexaferrite was 
synthesized via the coprecipitation method by mixing Fe(NO3)3· 9H2O and Ba(NO3)2 at a molar 
ratio of 12:1 in DI water, with constant stirring at 50°C. Then titrated with 3M NaOH to pH 12. 
Next, the solution was washed with 0.01M HNO3 until the pH was neutral. The precipitate 
was dried at 100°C for 24 hours, then calcined at 1000°C for 5 hours. The formation of barium 
hexaferrite proceeds according to Equation (1). 

Ba(NO3)2 + 12(Fe(NO3)3∙ 9H2O) + 38NaOH 
     Δ      
→     BaFe12O19 + 38NaNO3 + 127H2O (1) 

Titania nanoparticles were synthesized via the sol–gel method by reacting isopropanol and 
glacial acetic acid with constant stirring for 30 minutes. Then, TTIP was added gradually to 
the mixture, followed by the addition of deionized water. The formed gel is then dried at 100°C 
for 2 hours, followed by calcination at 350°C for 3 hours. To form the barium 
hexaferrite/titania nanocomposite, 0.4 g of titania was mixed with 0.6 g of barium hexaferrite, 
which had been dispersed in 25 ml of deionized water, and the mixture was stirred 
continuously until homogeneous. Next, the barium hexaferrite/titania nanocomposite 
precipitate was dried at 100 °C for 60 minutes.  

The barium hexaferrite/titania nanocomposite was identified through X-ray Diffraction (XRD) 
using an X'Pert Pro diffractometer with Cu-Kα radiation (λ = 1.54060 Å), and then further 
analysis was carried out using the Rietveld method to determine the lattice parameters and 
crystallite size. Next, a Fourier Transform Infra-Red (FTIR) was performed using the Shimadzu 
IR Prestige-21 instrument to identify functional groups and chemical bonds formed on the 
surface of the nanocomposite. Meanwhile, to evaluate the morphology and elemental 
composition of the nanocomposites, Scanning Electron Microscopy–Energy-Dispersive X-ray 
(SEM–EDX) mapping was performed using the FEI Inspect-S50 instrument. Furthermore, to 
determine the magnetic behavior of the nanocomposites, Vibrating-Sample Magnetometer 
(VSM) testing was conducted using a Quantum Design PPMS® VersaLab™ Cryogen-free 3T 
device. 

Result and Discussion 

The diffraction pattern of the barium hexaferrite/titania nanocomposite in the range 2θ = 20–
80° is presented in Figure 1. The formation of the barium hexaferrite phase is confirmed by the 
peaks observed at 2θ = 30.98° (110), 32.33° (017), 34.13° (114), 35.74° (110), 37.19° (013), 38.03° 
(025), 40.48° (151), 42.55° (026), 50.0° (122), 54.14° (014), 55.22° (214), 56.65° (133), and 63.18° 
(153). Furthermore, Rietveld refinement analysis using the AMCSD database No. 0010651 
revealed that barium hexaferrite has space group P63/mmc and lattice parameters a = b = 
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5.884 Å and 𝑐 = 23.181 Å, with a hexagonal structure [28,29]. However, the XRD pattern also 
revealed the presence of impurity phases. The peaks observed at 2θ = 49.59° (222) and 64.16° 
(030) were assigned to hematite based on AMCSD No. 0017806, while the peak at 2θ = 33.27° 
(104) was attributed to barium carbonate according to AMCSD No. 0008422 [30–32]. Rietveld 
refinement further indicated that hematite and barium carbonate accounted for 15.58% and 
1.01% of the total phase composition, respectively [30–32]. The formation of these minor 
impurity phases may be associated with the calcination conditions, particularly the calcination 
temperature and duration, and with the possible involvement of carbonate species during 
thermal treatment, as reported in previous studies [26,33,34]. As a result, the diffusion of Ba2+ 
and Fe3+ ions is limited, leading to hematite as a notable secondary phase [35,36]. Moreover, 
the peaks formed at 2θ = 25.36° (011), 38.24° (004), 48.13° (020), 54.09° (015), 55.01° (121), and 
63.04° (024) indicate the presence of titania anatase (space group I41/AMD) according to the 
AMCSD database No.0019093. Titania had lattice parameters a = b = 3.784 Å and 𝑐 = 9.471 Å, 
consistent with a previous study [37]. The Rietveld refinement was also used to estimate the 
crystallite sizes, which were further corroborated by calculations using the Debye–Scherrer 
method (Equation 2), as given below. 

 

𝐷 =
𝑘𝜆

𝛽𝑐𝑜𝑠𝜃
 (2) 

 

 
Figure 1. XRD pattern of barium hexaferrite/titania nanocomposite. 

 

where D is the crystallite size (nm), k is a constant (0.9), λ is the Cu-Kα wavelength (1.5406 Å), 
β is the full width at half maximum (FWHM) value (rad), and θ is the Bragg angle. The 
crystallite sizes calculated using the Debye–Scherrer equation were consistent with those 
obtained from Rietveld refinement. The Rietveld analysis yielded crystallite sizes of 62.12 nm 
for barium hexaferrite and 15.26 nm for titania, while the Debye–Scherrer calculation yielded 
61.68 and 14.78 nm, respectively, based on full width at half maximum (FWHM) values of 
approximately 0.1406° and 0.575° for the main diffraction peaks of barium hexaferrite and 
titania, respectively. Moreover, the refinement results yielded χ2, Rp, Rwp, and GOF values of 
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1.24, 19.34, 26.88, and 1.73, respectively, indicating a reasonable agreement between the 
observed and calculated XRD patterns. 

 
Furthermore, the FTIR analysis results at wavenumbers 400–4000 cm–1 are shown in Figure 2. 
The obtained FTIR spectrum revealed the presence of Fe–O vibrations at wave numbers 440 
cm–1, in accordance with previous research, which stated the existence of Fe–O bonds at wave 
numbers 420–600 cm–1 [38]. Apart from Fe–O vibrations, the presence of Ba–O vibrations in 
the 894 cm–1 area also confirmed the formation of the barium hexaferrite phase, in accordance 
with findings in previous studies [39,40]. The FTIR spectrum also showed the presence of 
absorption characteristics at a wave number of 702 cm–1, which indicates the formation of Ti–
O bonds in the nanocomposite [41]. The band at 1338 cm–1 is consistent with the symmetric C–
O vibrations reported by Ismail et al., suggesting a possible contribution from the barium 
carbonate phase identified by XRD [42]. Furthermore, O–H bond stretching was observed in 
the area 3200–3600 cm–1, confirming the adsorption process of water molecules on the surface 
of the barium hexaferrite/titania nanocomposite [27,43].  
 

 
Figure 2. FTIR spectrum of barium hexaferrite/titania nanocomposite. 

 
The morphology, EDX spectrum, and elemental mapping of the barium hexaferrite/titania 
nanocomposite are presented in Figure 3. Figure 3a shows that the barium hexaferrite/titania 
nanocomposite exhibits a relatively dense morphology with a uniform surface topography 
and well-dispersed particles. The particles appear to be distributed without pronounced 
localized agglomeration, suggesting a relatively homogeneous microstructure with a particle 
size of approximately 59.10 nm [24]. This morphological observation is supported by the EDX 
spectrum (Figure 3b), which confirms the presence of Ba, Fe, Ti, and O as the principal 
constituent elements of the nanocomposite. Furthermore, the SEM-EDX elemental mapping 
presented in Figure 3c demonstrates a relatively homogeneous spatial distribution of these 
elements across the analyzed area, with no apparent regions of significant elemental 
enrichment or segregation. The uniform distribution of the constituent elements indicates that 
the separately synthesized barium hexaferrite and titania phases were effectively dispersed 
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during mixing, resulting in a relatively uniform nanocomposite structure. Such a uniform 
morphology can facilitate close contact between the barium hexaferrite and titania phases, 
thereby enhancing interactions between the constituent phases and the resulting functional 
properties of the nanocomposite [44].  
 

 
Figure 3. (a) Morphology, (b) EDX spectrum, and (c) Elemental mapping of  

barium hexaferrite/titania nanocomposite. 
  

Figure 4 shows the hysteresis curve of the barium hexaferrite/titania nanocomposite obtained 
from VSM measurement. The curve exhibits predominantly ferrimagnetic behavior, which is 
an intrinsic characteristic of barium hexaferrite [25,45]. This is consistent with previous studies 
reporting saturation magnetization (Ms) values of approximately 38.86–55.81 emu/g for 
barium hexaferrite [46–48]. However, the incorporation of non-magnetic titania, together with 
the presence of hematite and barium carbonate impurity phases, tends to reduce the Ms value 
of the resulting nanocomposite to 18.86 emu/g, with remanent magnetization (Mr) and 
coercivity (Hc) values of 7.88 emu/g and 4663 Oe, respectively. Despite the reduced 
magnetization, the nanocomposite retains its ferrimagnetic behavior, reflecting the combined 
contribution of its constituent phases. These magnetic characteristics suggest that the barium 
hexaferrite/titania nanocomposite may be relevant to various functional applications, 
including photocatalysis, electromagnetic wave absorption, and other related applications, as 
reported in previous studies [24,25,49]. However, further application-specific investigations 
are required to evaluate its actual performance in these areas.  
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Figure 4. Hysteresis curve of barium hexaferrite/titania nanocomposite. 

  

 Conclusion 

Barium hexaferrite/titania nanocomposite was prepared through separate coprecipitation and 

sol–gel routes, followed by wet mixing of the synthesized phases. XRD analysis confirmed the 

formation of barium hexaferrite and anatase titania, with Rietveld-refined crystallite sizes of 

62.12 and 15.26 nm, respectively. Hematite and barium carbonate were also identified as 

impurity phases, with phase fractions of 15.58% and 1.01%, respectively. The FTIR spectrum 

showed characteristic Ba–O, Fe–O, Ti–O, C–O, and O–H vibrations associated with the 

constituent phases. SEM analysis revealed a relatively uniform surface morphology, while 

EDX and elemental mapping confirmed the presence and relatively homogeneous distribution 

of Ba, Fe, Ti, and O throughout the analyzed area. The nanocomposite exhibited ferrimagnetic 

behavior, with Ms, Mr, and Hc values of 18.86 emu/g, 7.88 emu/g, and 4663 Oe, respectively. 

Overall, the separate synthesis and subsequent wet-mixing route provides a simple and 

modular approach for combining barium hexaferrite and titania, allowing the synthesis 

conditions of each component to be controlled independently. The resulting structural, 

morphological, and magnetic characteristics provide a basis for further investigation of barium 

hexaferrite/titania nanocomposites for potential multifunctional applications. 
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