
  

 
 
 
 
 
 
 

International Journal of ChemTech Research  
                                                                 CODEN (USA): IJCRGG      ISSN : 0974- 4290 

                                                              Vol.6, No.3, pp 2165-2167,      May-June  2014 
 

 

 
ICMCT-2014 [10 th – 12th March 2014]  

International Conference on Materials and Character ization Techniques 
 

 
Structural, Electrical and Magnetic properties of Aluminum 

Substituted Nanocalcium Hexaferrites 
 

Ch.Mamatha 1*, M. Krishnaiah 1, C. S. Prakash 2,  
Kishor G. Rewatkar 3, B.M.Nagabhushana 4 

 

1Department of Physics, Sri Venkateswara University,  Tirupathi, Andhra Pradesh, India 
2Department of Physics, SJCIT, Chickballapur, Karnat aka, India. 

3Department of Physics, Dr. Ambedkar College, Nagpur , Maharashtra, India 
4Department of Chemistry, MSRIT, Bangalore,  Karnata ka, India. 

 

*Corres.author: mamathasree@yahoo.co.in  
 

 

Abstract: M-type calcium Hexaferrites with substitution of trivalent Aluminum ions were prepared by 
Solution combustion technique using metal nitrates as oxidants and ODH as reducing agents. The powders were 
characterized with XRD, SEM, and EDS. XRD analysis indicated the formation of single-phase substituted M-
type calcium hexaferrites with space group of P63/mmc(194). The average crystallite size is calculated and 
found to be in Nano size. DC conductivity and AC conductivity of bulk samples have been investigated as a 
function of frequency and temperature. The measurements were carried out in the frequency range of 100 to 10 
× 105 Hz,at room temperature. Activation energies were calculated at both ferrimagnetic and paramagnetic 
regions. The enhanced resistivity of aluminum doped calcium hexaferrite is a prospective application in 
microwave devices. Magnetic properties are studied with the help of vibrating sample magnetometer (VSM). 
Results of VSM studies show the decrease in saturation magnetization with the increase of Al concentration. 
Increase in coercivity and Retentivity illustrated that these are hard ferrite materials. 
Keywords: NanoHexaferrite, Activation Energy, Coercivity and Retentivity. 
 

1. Introduction and Experimental 

Hexagonal ferrites form a large family of ferrimagnetic materials. Among these, M-type hexaferrites 
are the most popular due to their large applications as permanent magnets with unique magnetic performance, 
low cost and chemical stability [1-2]. Substituted hexaferrites belong to M-Type with general formula MFe12O19 
where M is usually barium, strontium, Calcium or Lead, are of the significant attractions for researchers. 

The basic structure of magnetoplumbites consists of 38 oxygen and 24 ferric ions. All ferric ions 
occupy five different locations in the unit cell such as 2a, 4f2 and 12k, which are octahedral sites, 4f1-tetrahedral 
and 2b-bi-pyramidal sites [3-6].The magnetic properties of magnetoplumbites are determined by the substituted 
trivalent ions for ferric ions, which occupy different sites in the structure [7]. When doped with other trivalent 
metal ions, the magnetic properties of the calcium ferrite would get altered[8-9]. 



Ch.Mamatha et al /Int.J. ChemTech Res.2014,6(3),pp 2165-2167.             

 
 

2166 

 
There are many methods for synthesis of Hexagonal ferrite nanoparticles [10].In the present work, 

Calcium hexaferrites doped with trivalent Al ions with general formula CaAlxFe12−xO19(x=3 and 4) have been 
synthesized successfully by solution combustion technique. Samples were prepared with AR grade calcium 
nitrate, iron nitrate and aluminum nitrate. ODH (C2H6N4O2) was used as fuel. Samples were calcinated at 900°C 
for 3 hours and allowed to cool gradually [10]. The structural analysis was performed by XRD. The 
morphology and compositional analysis were studied using SEM and Energy Dispersive Spectroscopy (EDS) 
attached with SEM. The magnetic measurements were carried out using (VSM) at room Temperature. For 
conductivity measurements, the powder was made into pelletand sintered at800°C. Resistivity of the samples at 
room temperature and activation energies in both ferri and paramagnetic regions were calculated and reported 
(Table 1). 
 

Table: Calculated Electrical and magnetic data of samples 
Activation Energy 

∆Ε(ev) 
 
 
Compound 

 
Hc(KOe) 

 
Ms 

(emu/g) 

 
Mr 

(emu/g) 

Resistivity 
At RT 
ρ 

(MΩ/cm) 
Para Ferri 

CaAl3Fe9O19 

(CFA3) 
 
2.017 

 
3.874 

 
0.869 

 
17.017 

 
0.09 

 
0.98 

CaAl4Fe8O19 

(CFA4) 
 
5.092 

 
3.791 

 
1.278 

 
28.189 

 
0.18 

 
1.2 

 

2. Results and Discussions 

 X-ray diffraction studies confirm the formation of hexaferrites with the space group P63/mmc. The 
average crystallite size of the powders was measured by X-ray line-broadening technique employing the Debye-
Scherer formula. The results show drastic improvement in the grain size at the Nano level, as compared to 
similar work reported elsewhere [8].The morphology and composition analysis of samples shows that the grains 
are uniform and cylindrical in shape having a size of 30.8 and 23.4 nm respectively for Al3 and Al4 substitutions. 
EDS analysis shows that the samples contain only Ca, Al, Fe, and O. 

 To study the magnetic properties of synthesized compounds, the magnetic moment was recorded as a 
function of magnetizing field in the range of -20 kG to +20 kG at room temperature. Calculated Saturation 
magnetization(Ms), Coercivity(Hc)  andRetentivity(Mr)  values are described in Table 1. Results of VSM studies 
show the decrease in saturation magnetization (Ms) with the increase of Al concentration. Increase in magnetic 
properties such ascoercivity (Hc) and Retentivity (Mr)confirmedthe nature of hard ferrites.The dc electrical 
resistivity, activation energy of the samples showed a gradual increase with increase in the content of Al at 
room temperature. 
 

 

Figure1: SEM images of(a) CaAl3Fe9O19,  (b) CaAl4Fe8O19 
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Figure2: EDS, Spectrum of(a) CaAl3Fe9O19,  (b) CaAl4Fe8O19 

 

 

Figure 3: Hysterisys loopof (a) CaAl3Fe9O19 (b) CaAl4Fe8O19 
 

References 

1. D.K.Kulkarni and C.S.Prakash. Structural and magnetic study of CaAl4Fe8O19. Bull. Mater. Sci., 1994, 
17,35-39. 

2. RobertC. Pullar,Hexagonal Ferrites: A Review of the synthesis, properties and applications of 
haxaferrite ceramics.Progress in materials science 2012,57, 1191–1334. 

3. K.G. Rewatker, C.S.Prakashand  D.K.Kulkarni. Synthesis and characterization of 
a. CaAlx(CuTi)6-xO19hexaferrite system. Materials Letters 1997, 28, 365-368. 

4. C.S.Prakash and Kulkarni D.K., Chromium substituted hexagonal calcium ferrites.  
a. Ind. J. Pure Applied   Physics. 1994,32, 361-363.  

5. C.S.Prakash, V.M.Nanoti,  G.M. Rao and  D.K. Kulkarni. Substitutional effect of magnetic behavior of 
calcium hexaferrite.  J.Magn. Magn. Mater .1995, 140-144, 2089-2090. 

6. C.S.Prakash, Nanoti V.M. and Kulkarni D.K.Magnetic Characterisation of calcium hexaferrites 
.Materials Letters ,1995, 24, 171-173. 

7. Sanjay R. Gawali, Kishor G. Rewatkar and Vivek M. Nanoti Structural and Electrical properties of M-
type Nanocrystalline Aluminium substituted Calcium Hexaferrites. Advances in Applied Science 
Research, 2012, 3, 2672-2678. 

8. Magnetic Characterisation of calcium hexaferrites.  C. S. Prakash. V. M. Nanoti and D.K.Kulkarni  
Materials Letters , 1995, 24 p.171-173. 

9. C.S.Prakash and D.K.Kulkarni, Variational Effect in Substituted Calcium Hexaferrite International 
Journal of Knowledge Engineering. 2012,3, 79-80. 

10. Ch.Mamatha, M.Krishnaiah and C.S.Prakash Comparative Study of CaAl3Fe9O19 andCaAl4Fe8O19   
Nanoparticles Synthesized by Solution Combustion Method. Proceedings ofthe Second National 
Seminar on New Materials Research and Nanotechnology OOTY,2013, 135-138. (ISBNNo.978-93-
81104-33-0). 

 
***** 

 
 


