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 Magnetic materials can be regarded now as being indispensable in modern technology. 
They are components of many electromechanical and electronic devices. Permanent 

magnet materials are essential in devices for storing energy in a static magnetic field. 

Hard magnetic materials are important electronic materials that have a wide range of 
industrial and commercial applications. Hexagonal Ferrites have the formula M 

(Fe12O19), where M is usually barium (Ba), strontium (Sr), or lead (Pb). The crystal 

structure is complex, but it can be described as hexagonal with a unique ‘c’ axis or 
vertical axis. This is the easy axis of magnetization in the basic structure. Because the 

direction of magnetization cannot be changed easily to another axis, hexagonal ferrites 

are referred to as hard. M-type Barium hexaferrite (BaFe12O19), is of great importance 
as permanent magnets, particularly for magnetic recording as well as in microwave 

devices. Barium ferrite was synthesized by sol-gel from aqueous mixed solutions of 
ferric nitrate and barium nitrate and D-Fructose. The resultant products are investigated 

by X-ray diffractometer (XRD), High resolution scanning electron microscopy (HR-

SEM) and vibrating sample magnetometer (VSM). At the sintering temperature 
1150°C, single phase of barium hexaferrite (BaFe12O19) dence ceramics were formed. 

Regarding the grain size, it can be seen that, the minimum particle size appeared at 

1000°C, and the maximum size was found at 1150 °C, which most likely explained by 
the formation of the dense single phase of barium hexaferrite (BaFe12O19). The SEM 

results showed that the grains were regular hexagonal platelets. In addition, saturation 

magnetization (51.88 Am2/kg) was observed at sintering temperature 1150°C, even sub 

micrometer grain size under the optimum condition. However, it was found that the 

coercivity (Hc) 5594.8 Oe of the sintered BaFe12O19 samples were lower than the 

theoretical values. Whose results indicate that they have well-formed crystalline phase 
of BaFe12O19 dense hexagonal platelet-like ceramics. 

 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: S. Kanagesan, M. Hashim, T. Kalaivani, I. Ismail., Effect of Microwave Sintering on Microstructure Development of 

Barium Hexaferrite Using Sol-Gel Technique. Aust. J. Basic & Appl. Sci., 8(13): 607-610, 2014 

 

INTRODUCTION 

 

 Since the discovery of the M-type hexagonal ferrites in 1950s, it has being which make it potentially 

important due to its application as permanent magnetic materials and high density perpendicular recording 

media electromagnetic interference, magnetic fluids, certain microwave devices, etc. (Speliotis, D., 1987; Xu, 
P., 2008). Barium hexaferrite (BaFe12O19 - BaF) has a complex hexagonal unit cell and belongs to the 

magnetoplumbite structures (Richerson, D.R., 1992). It is currently a magnetic material with great scientific and 

technological interest, because of its chemical and physical properties such as fairly large magneto crystalline 

anisotropy, high Curie temperature, relatively large saturation magnetization, coercivity, as well as an excellent 

chemical stability and corrosion resistivity (Liu, X., 1999). The manufacturing cost is low, its properties are 

stable and the problem of oxidation of the product is avoided (Sharma, P.,  2007; Yang, X.F., 2009). 

Conventional ceramic method from iron oxides and barium carbonate requires quite high-calcination 

temperature (1200°C), and always leads to sintering and aggregation on the particles [9]. The reported 

theoretical calculated coercive force, saturation magnetization and Curie temperature values for pure and single 

domain barium hexaferrite was 6700 Oe, 72 Am
2
/kg and 450 ◦C, respectively (Hessien, M.M., ; Pillai, V., 

1993). In this sense, the achievable density is limited, at least in part, by the magnetic particle size and size 

distribution. A reduction in particle size and a narrow size distribution are desirable to achieve an increase in the 
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number of particles per bit of information stored as well as the medium noise reduction. The size of the particles 

can be controlled during preparation, depending on the production method, or after preparation, by mechanical 

(Campbell,  S.J., 1994) or thermal treatments (Bercoff, P.G. and H.R. Bertorello, 1999). Once such challenges 

were met, many researchers began to report some unexpected benefits of microwave sintering. In particular, 

many reported enhanced densification, with high densities being achieved at temperatures significantly lower 

than those required in conventional sintering (Nightingale, S.A., 2001) In this respect, this paper concentrates on 

the use of a microwave furnace to sinter (thermal treatment) the ceramic products and the sintered products are 

analyzed by XRD, HR-SEM and VSM.  

 

MATERIALS AND METHODS 

 

 Analytical grade Ba (NO3)2, Fe (NO3)3·9H2O and D-Fructose were used as starting materials. Nitrate and 

fuel ratio is 1:1. Stiochiometric amount of metal nitrates and fuel were taken. The prepared powder was 

uniaxilly pressed into pellets using a hydraulic press and polyvinyl alcohol (PVA) as a binder was pressed into 

pellets and sintered at various temperatures, 1000, 1050, 1100 and 1150°C for10 minutes. The structure of the 

samples data were recorded on an Rigaku-D-Max X-ray diffractometer (XRD) with CuKα radiation (= 1.5418 

Å). The surface morphological characteristics of the sintered samples were investigated by High resolution 

scanning electron microscopy (HE-SEM, FEI Quanta FEG 200). A vibrating sample magnetometer (VSM; 

Lakeshore, 7304) was used for analyzing the magnetic properties of the sintered BaFe12O19 sample at room 

temperature, with a maximum field of 15,000 Gauss. The density measurement for each samples were carried 

out using dimensional method using weight balance and screw gauge. 

 

RESULTS AND DISCUSSION 

 

3.1 X-Ray powder diffraction (XRD):  

 The BaFe12O19 hexagonal phase was clearly observed in the XRD (JCPDS No: 39-1433) patterns of 

sintered pellets at 1000, 1050, 1100 and 1150°C for 10 minutes. The peak intensity of XRD (Fig. 1) shows that 

the (107) plane increased continuously for the samples increasing temperatures. It conforms that the dense 

product was obtained at 1150°C.   

 

 
 

Fig. 1: XRD Patterns of the samples Microwave sintered at (a) 1000 (b) 1050 and (c) 1100 and 1150°C. 

 

3.2 Surface Morphology of Barium Hexaferrite samples: 

 The micrograph provides evidence that the HR-SEM, show the surface morphology as well as the 

development of grain structure. Figure 2 shows fine grains started at 1050°C. No clear microstructure can be 

seen in this stage, which provides evidence for the sintering temperature at 1050°C is insufficient to get a dense 

product. It seems the air gaps existing between the grains decrease the diffusion rate which hinders the grain 

growth (Ataie, A. and A. Mali, 2008). By the increase of sintering temperature up to 1150°C, grains become 

dense with optimum magnetic properties. It can be seen that, the grain size increases  with increasing 

temperature from 1000°C to 1150°C, which is most likely explained by the formation of the dense BaFe12O19. 

This type of finding is also observed by other authors (Hessien, M.M.,  2008; Hessien, M.M., 2009; Kanagesan, 

S., 2013). 
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3.3 Magnetic Hysteresis Curve of dence Barium Hexaferrite: 

 Fig. 3 shows magnetic hysteresis loops, indicating intrinsic coercivity, Hc, and saturation magnetization, 

Ms, for the BaFe12O19 sintered sample at 1150 °C which were obtained at room temperature under an applied 

field of 15000 Gauss. The theoretical value of saturation magnetization at room temperature, 72 A.m
2
/kg 

(Cabanas, M.V., 1994; Mishra, D., 2004). The reported theoretical calculated coercive force value for pure 

barium hexaferrite was 6700 Oe. It exhibited a value of Ms (51.88 A.m
2
/kg) and Hc (6400 Gauss) at sintering 

temperature 1150°C for 10 minutes. Such high saturation magnetization for barium ferrite at 1150 °C can be 

attributed to the high-phase purity and well-defined crystallinity of BaFe12O19. This is consistent with earlier 

findings of the XRD and SEM. Moreover, the shape of the curve of the hysteresis loop was smooth, confirming 

that the barium hexaferrite was a hard magnet. 

 

 
 

Fig. 2: HR-SEM image of BaF microwave sintered samples at (a) 1000, (b) 1050, (c) 1100 (d) 1150°C for 10 

minutes. 

 

 
 

Fig. 3: Magnetization curve of BaFe12O19 microwave sintered at 1150°C for 10 minutes. 

 

Conclusions: 

 This paper presented is about the sintered barium ferrite (BaFe12O19) samples by the sol-gel technique. Very 

interestingly, the obtained products exhibit well-formed crystalline phase of BaFe12O19, typically hexagonal 

platelet-like structure, large saturation magnetization, and sub micrometer particle size under the optimum 

condition. The surface morphology of the sintered ceramics at 1100 and 1150°C were hexagonal platelet crystal. 

The sol-gel route has proven to produce pure barium ferrite sintered ceramics with optimum magnetic properties 

with saturation magnetization value of 51.88 A.m
2
/kg, and fairly high coercivity force value of 6400 Oe 

respectively. 
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