
 

ICoSE Conference Proceedings
ICoSE Conference on Instrumentation, Environment and
Renewable Energy (2015), Volume 2016

Conference Paper

Effect of Co-Ti Substitution on Magnetic
Properties of Nanocrystalline BaFe12O19
Erfan Handoko1, Mangasi AM1, Zulkarnain2, and Bambang Soegijono3

1Dept. of Physics, Faculty of Mathematics and Natural Sciences. State University of Jakarta,
Jakarta 13220, Indonesia
2Dept. of Physics, Faculty ofMathematics and Natural Sciences. University of Syiah Kuala, Banda
Aceh
3Dept. of Physics, Faculty of Mathematics and Natural Sciences. University of Indonesia, Depok
16424, Indonesia

Abstract The synthesis of nanocrystalline BaFe12−2𝑥Co𝑥Ti𝑥O19with variations of x (x
= 0, 1, 2, and 3) have been investigated. The formation of polycrystalline samples
that the cationic of Co2+ and Ti4+ in Co-Ti substituted Fe in BaFe12O19 ferrites structure
were prepared by solid state reaction method. The crystal structure, microstructure,
and magnetic properties were characterized using powder X-ray diffraction, scanning
electron microscope (SEM) and permagraph meter, respectively. The results show that
the nanocrystalline BaFe12−2𝑥Co𝑥Ti𝑥O19 has single phase with polycrystalline structure,
the grain size decrease by doping, the coercivity (Hc) and saturation magnetization
(Ms) decrease with increasing Co-Ti substitutions.
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1. Introduction

Recently, investigations of barium ferrite BaFe12O19 as hard magnetic material has
been developed. The enhancement of magnetic properties such as saturated mag-
netization (Ms), remanence (Mr), and coercive force (Hc) become major interest to
be investigated. An effect of the various processes[1] and designing crystal structure
of the barium ferrite to magnetic properties were investigated systematically [2-5]. In
order to improve the magnetic properties, the nanocrystalline BaFe12O19 ferrites has
potential opportunity to be developed. As reported, the development of the barium
ferrite compositions were substituted by Ba and (Sr) [6-8]. In order to understand the
magnetic properties of BaFe12O19, the Fewas substituted by Al, Sn, NiSn, Ti, or Co[9-13].
Furthermore, the improvement of coercivity of BaFe12O19is needed to realize magnetic
absorption materials such as microwave [14-16].
In this report, we have synthesized nanocrystalline BaFe12−2𝑥Co𝑥Ti𝑥O19with x = 0, 1,

2, 3. The formations of polycrystalline samples that the cationic of Co2+ and Ti4+ in Co-Ti
substituted Fe in BaFe12O19 ferrite were prepared by solid state reaction method. The
crystal structure, microstrusture and magnetic properties of BaFe12−2𝑥Co𝑥Ti𝑥O19will be
discussed systematically.
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Figure 1: XRD patterns of BaFe12−2𝑥Co𝑥Ti𝑥O19 samples with x = 0, 1, 2, 3.

2. Experimental

Magnetic materials of the BaFe12−2𝑥Co𝑥Ti𝑥O19 samples with x = 0, 1, 2, 3 were syn-
thesized by ultrasonic mixing process from BaCO3, Fe3O4 (from iron sand), Co3O4, and
TiO2. The compositions and the stoichiometry of sampleswere diluted in demineralized
water. Then, the solution was calcinated at 750𝑜C for 30 minutes and sintered at 1100𝑜C
for 3 hours. The formations of polycrystalline samples that the cationic of Co2+ and
Ti4+ in Co-Ti substituted Fe in BaFe12O19 ferrite by solid state reaction method have
been obtained. The crystal structure of samples powders were investigated by X-ray
diffraction (XRD) Phillips diffractometer. The morphology was examined by JEOL JSM
5310LV scanning electron microscope (SEM). The magnetic measurement was carried
out by permagraph at room temperature.

3. Results and Discussion

The XRD pattern of the BaFe12−2𝑥Co𝑥Ti𝑥O19 (x=0, 1, 2, 3) ferrites. The peaks of hematite
(BaFeO) coincidewithmagnetite/iron sand (x=0). It’s believed thatmagnetite from iron
sand can be used for the barium ferrite. The peaks for the substituted barium ferrite
(x=1, x=2, and x=3) also coincide with non-substituted ferrite (x=0). The results prove
that formation of BaFe12−2𝑥Co𝑥Ti𝑥O19(x=0, 1, 2, 3) ferrites at 1100𝑜C can be synthesized.
It is 100𝑜C lower than classical barium ferrite. In the substituted barium ferrite, the
dopants of Co2+ and Ti4+ occupy the structure.
The XRD pattern of doped barium ferrite (x=1) is shown in Figure 2. The refinement

by HighScore Plus Version 3.0e PANalytical software indicates that the crystallite size is
50 nm. It’s confirmed that the BaFe12−2𝑥Co𝑥Ti𝑥O19 has polycrystalline structure.
The Figure 3 indicates that the microstructure of doped barium ferrite has different

grain size with undoped. The grain size decreases by increasing the doping, as result
the nanocrystalline structure has formed.
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Figure 2: The refinement of XRD data of BaFe12−2𝑥Co𝑥Ti𝑥O19(x = 1).

Figure 3: SEM photographs of BaFe12−2𝑥CoxTi𝑥O19 samples with x = 0, 1, 2, 3.

Figure 4 shows the hysteresis loops of the magnetic behavior of the as-synthesized
barium ferrite. Meanwhile, the table 1 is the datas for hysteresis loops of the barium
ferrite as shown in Figure 4. As can be seen in the Figure 4, the undoped barium ferrite
samples have larger coercive force (Hc), area, and the higher remanen (Mr) than doped
barium ferrite. The coercive force of barium ferrite (x=0) is about 85.06 kA/m. While,
the doped barium ferrites rapidly decrease up to 0.939 kA/m at x=1. The reduction of
the crystal anisotropy in x=1 cause the weak uni-axial anisotropy along the c-axis of
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Composition (x) Mr (T) Hc (kA/m) Ms (T) Mr/Ms (T)

0 0.045 85.060 0.124 0.365

1 0.020 0.939 0.084 0.234

2 0.004 24,028 0.024 0.159

3 0.005 23,987 0.015 0.372

T˔˕˟˘ 1: Data for hysteresis loops of the barium ferrite.

Figure 4: The room temperature hysteresis loops of BaFe12−2𝑥Co𝑥Ti𝑥O19 samples with x = 0, 1, 2, 3.

the doped barium ferrite. Substitution of Co-Ti decreases the coercive force of barium
ferrite significantly. Further, Co-Ti increases the coercivity Hc= 24.028 kA/m at x=2 and
Hc= 23,987 kA/m at x=3. These results were predicted due to increasing the crystal
anisotropy. Furthermore, the low coercivity explains that the doped barium ferrite is
the soft magnetic material.

4. Conclusions

In conclusions, the BaFe12−2𝑥Co𝑥Ti𝑥O19 with x = 0, 1, 2, 3 have been synthesized by
ultrasonic mixing process. According to XRD meansurement, the samples have formed
polycrystalline structure and the crystallite size about 50 nm. Meanwhile, the mag-
netic properties i.e. coercivity (Hc) and saturation magnetization (Ms) decrease with
increasing Co-Ti substitutions.
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