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Abstract: 

Hexaferrites has wide applications such as permanent magnets, core of transformer, magnetic 

recording media and magneto-optical devices. Keeping this view, the aluminium substituted 

calcium hexaferrite Ca2Zn2Fe12-xAlxO22 (x = 0.5 and 1) have been synthesized using auto-

combustion method by blending metal nitrates as oxidants accompanied with fuel like urea as 

reducing agent. The synthesized samples were characterized using XRD and Precision 

Impedance Analyzer. XRD study showed that the synthesized samples were single phase Y-type 

hexagonal ferrites. The effect of substitution of Al3+ ion for Fe3+ ion on the unit cell 

parameters, density and porosity has been studied. The DC electrical conductivity was 

measured as a function of temperature from room temperature to 500°C using Precision 

Impedance Analyzer. The phenomenon of conduction was explained on the basis of a Verway 

hopping mechanism. The Drift mobility of the sample increases with increase in concentration 

of Al3+ ion for Fe3+ ion in calcium hexaferrite. 
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Introduction 

1. Introduction Y-type hexagonal ferrites are known for their high uniaxial 

magnetocrystalline anisotropy with the easy axis of magnetization along the 

hexagonal c-axis and their chemical stability [1]. These materials have been 

used in bulk form for many applications due to their hard magnetic properties, 

for example, as permanent magnets. These ferrites have drawn a great interest 

for magnetic recording media and microwave devices [2,3]. Hexagonal ferrites 

show high purity, good chemical and thermal stability which would result in 

longer storage life of the media. The synthesis methods reported for hexagonal 
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ferrites are co-precipitation [4–5], hydrothermal [6–7], sol–gel [8–9], combustion 

[10,11], microemulsion [12], citrate precursor [13], glass crystallization [14], 

sonochemical [15] and mechanochemical activation [16]. The ideal method for 

synthesis of hexaferrite should have Energy efficient, short reaction time, ultra 

fine powder, facile operation, low anneal or calcine temperature, better particle 

size distribution, excellent chemical homogeneity and more probability of 

formation of single domain structure. Keeping in view of all these 

characteristics, the auto-combustion method is the best method for synthesis 

of ferrites. In current research, Y-type calcium hexaferrite has been synthesized 

by auto-combustion method. It is in fact a particularly simple, safe and rapid 

process where in main advantages are high homogeneity, high purity and time 

saving and ultra fine powders. In addition, the auto-combustion method gives 

excellent chemical homogeneity and more probability of formation of single 

domain structure [17]. 

 

Material and Method 

2. Experimental 2.1. Sample preparations The Y-type calcium hexaferrites 

having the following formula Ca2Zn2Fe12-xAlxO22 (x = 0.5 and 1) were 

prepared by auto-combustion method. All the chemicals used for this synthesis 

were of analytical grade. The stoichiometric amounts of AR grade 

Ca(NO3)2.4H2O, Zn(NO3).4H2O, Fe(NO3)3•9H2O, and Al(NO3)3.9H2O 

dissolved in filtered distilled water at the temperature of 50 0C, were placed in 

a borosil beaker. These metal nitrates were used as oxidants reactant. The fuel 

urea CO(NH2)2 was also dissolve in water and is used as reducing reactant to 

supply requisite energy to initiate exothermic reaction amongst oxidants. All 

these solutions were mixed together to form homogeneous aqueous solution. 

The homogeneous aqueous solution is then put on magnetic stirrer we 

obtained wet-gel. The wet-gel was heated in the digitally controlled microwave 

oven of 2.45GHz for 7-10 min so that its gel get burnt by self propagating 

combustion reaction evolving large volumes of gases and finally get converted 
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in homogeneous nanocrystalline brown powdered sample. The powdered 

sample was then further annealed by giving intermittent moderate heat 

treatment for further few minutes with intermediate grinding and quenching in 

dry air. The sample so produced was then kept in moist free air tight 

compartment to avoid possible air borne reactions and for the further 

characterization. Characterization The phase identification of samples were 

carried out by using a Philips X-ray diffractometer (PW-1710) and Cu-Kα 

radiation with the wavelength λ = 1.54056 Ǻ. The X-ray pattern showed the 

formation of a single phase of Y-type hexagonal ferrite without any impurity. 

The values of lattice constant ‘a’ and ‘c’, the unit cell volume (V), X-ray density 

(ρx-ray), bulk density (ρm) and porosity (P) were calculated by using following 

equations. 1/d^2 = (4(h^2+hk+k^2))/(3a^2 )+l^2/c^2 (1) V=0.8666a^2 c (2) 

Where, ‘a’ and ‘c’ are lattice constants and ‘V’ is the unit cell volume. As these 

ferrites have very high resistivity, so the precision impedance analyzer was 

employed to study DC electrical resistivity of the said ferrites system in the 

temperature range 350 K to 770 K. The DC electrical resistivity of all the 

samples decreases with increasing temperature in accordance with Arrhenius 

equation[3] ρ=ρ_0 exp(∆E/(k_B T)) (3) Where, ‘kB’ is the Boltzmann constant, 

‘T’ is temperature and ‘∆E ’ is the activation energy, which is the energy needed 

to release an electron from the ion for a jump to neighbouring ion, giving rise to 

the electrical conductivity. The activation energy of the aluminium substituted 

calcium hexaferrites have been determined from the slope of plots of ln(σ) 

versus temperature (1000/T) above and below the transition temperature (Tt). 

The drift mobility (μd) of all synthesized hexaferrite samples were calculated 

using the relation[4] μ_d=1/neρ (4) where, ‘e’ is the charge on the electron, ‘ρ’ is 

the D.C. electrical resistivity at a given temperature and ‘n’ is the concentration 

of charge carriers and can be calculated from the relation[5] n=(N_A ρ_(m ) 

P_Fe)/M (5) where ‘NA’ is the Avogadro’s number, ‘ρm’ is the bulk density, ‘M’ is 

the molecular weight of the sample, ‘PFe’ is the number of iron atoms in the 

chemical formula. 
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Result and Discussion 

3. Results and discussion 3.1. XRD analysis The XRD patterns of the samples 

are shown in Fig 1. The crystallographic data are tabulated in Table 1 and 2. 

The data is analyzed by using computer software PCPDF Win, Powder-X and 

Full proof Suite. By comparing the patterns with JCPDS, the phases in the 

different samples are determined. It is being observed that most of the 

hexagonal grains are of same size. Using 2θ, observed d values and intensity 

calculations, d –values is recalculated and (h k l) planes are finalized. The 

lattice parameters a and c are found to be 5.0452 Å and 44.2512 Å for 

samples. The XRD pattern confirms the formation of single phase Y-type 

hexagonal ferrites. The space group of the sample is found to be (R 3  m). The 

lattice parameter ‘a’ and ‘c’ decreases with increase in the concentration of Al3+ 

ion. This is due to relatively small ionic radius of Al3+ (0.53 Å) comparing to 

that of Fe3+ (0.64 Å) for six fold coordination. As a result, the cell volume of 

calcium hexaferrites samples decreases after being doped with Al3+ ion. These 

results agree well to that reported by Ounnunkad and Winotai [18] and 

Rewatkar [19] for Co-Al substituted calcium ferrite. Similar trend of lattice 

parameters and cell volume was reported by Sang Won Lee [20] in La-Zn 

substituted Strontium ferrite. 

Table 2 shows that dc electrical resistivity as well as activation energy (E) 

increased, while the drift mobility decreased with increasing concentration of 

Al3+ ions. The drift mobility of the samples increases abruptly above the 

transition temperature ( 
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Table 1: (a) Sample Ca2Zn2Fe11.5Al0.5O22 and (b) Sample Ca2Zn2Fe11Al1O22 :XRD  data. 

 

 

Table 2: Lattice constants a and c, c/a ratio and cell volume (Vcell) of the samples 

x Sample a(Ǻ) c(Ǻ) c/a ratio Vcell (Ǻ) 
3 

0.5 Ca2Zn2Fe11.5Al0.5O22 5.0452 44.2512 8.7719 1245.11 
1.0 Ca2Zn2Fe11Al1O22 5.0446 44.2056 8.7629 1244.89 

 

Table 3: Electrical resistivity at room temperature and activation energy  of 

aluminiumsubstituted calcium ferrite 

Sample Room Temperature 

Resistivity     (MΩ-

cm) 

Activation Energy 

ΔE (eV) 
Transition 

Temp.Tt (
o
K) 

Ferri Para 

Ca2Zn2Fe11.5Al0.5O22 121.2 0.27 0.38 515 

Ca2Zn2Fe11Al1O22 159.7 0.24 0.35 413 

 

a)                                                               b) 

 
Fig. 1.(a) Sample Ca2Zn2Fe11.5Al0.5O22 and (b) sample Ca2Zn2Fe11Al1O22: X-ray  

diffraction spectra. 
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a)  b) 

 
Fig. 2: Variation of  ln() with temperature (100/T) of sample 

a) Ca2Zn2Fe11.5Al0.5O22and b) Ca2Zn2Fe11Al1O22 

a)      b) 

 
Fig. 2: Variation of  log() with temperature (100/T) of sample a) Ca2Zn2Fe11.5Al0.5O22 

and b) Ca2Zn2Fe11Al1O22 

a)                                                               b) 

 
 

Fig. 3:Drift Mobility of samples with temperature a)Ca2Zn2Fe11.5Al0.5O22 

                                                                       and b) Ca2Zn2Fe11Al1O22 

 

  

-9

-8

-7

-6

-5

-4

-3

1 2 3

lo
g(
σ
) 

1000/T (K) 

-9

-8

-7

-6

-5

-4

-3

1.0 1.5 2.0 2.5 3.0

lo
g(
σ

) 

1000/T (K) 

-9

-8

-7

-6

-5

-4

-3

1 2 3

lo
g(
σ
) 

1000/T (K) 

-9

-8

-7

-6

-5

-4

-3

1.0 1.5 2.0 2.5 3.0
lo

g(
σ

) 
1000/T (K) 

0.E+00

1.E-08

2.E-08

3.E-08

4.E-08

5.E-08

6.E-08

7.E-08

8.E-08

350 450 550 650 750 850

μ
d
 (

cm
2
V

-1
se

c-1
) 

T (K) 

0.E+00

5.E-09

1.E-08

2.E-08

2.E-08

3.E-08

3.E-08

350 450 550 650 750 850

μ
d
 (

cm
2
V

-1
se

c-1
) 

T (K) 



 

International Journal of Researches In 
Biosciences, Agriculture & Technology 

May 2014  
Issue-2, Volume-II 

ISSN No. (Online) 
2347-517X 

 

 

A Four Monthly Peer Reviewed Journal 
VISHWASHANTI MULTIPURPOSE SOCIETY 
(GLOBAL PEACE MULTIPURPOSE SOCIETY) 

120  

 

 

Conclusion 

4. Conclusions The hexaferrites Ca2Zn2Fe12-xAlxO22 with Al substitution 

were synthesized by auto-combustion method. The X-ray diffraction studies 

confirmed the formation of monophase Y-type hexaferrites and the a and c 

values of the sample supports this confirmation. Structural studies have 

confirmed the space group of the samples to be (R3  m). The dependence of 

electrical conductivity of the samples on the temperature has confirmed the 

semiconducting nature of sample. The conduction mechanism in calcium 

ferrite was explained on the basis of Vervey hopping model. The drift mobility of 

the sample increases with increase in temperature. 
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