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Abstract: A series of polycrystalline samples of the system Ba1-xZn xCoxTixFe12-2xO19 (x = 0.0, 0.2, 0.4 and 0.6) were prepared by the 

usual ceramic technique. X-ray diffraction, thermal conductivity, thermoelectric power, drift mobility and phonon frequency were 

studied for the samples. The X-ray diffraction pattern confirms the presence single phase magnetoplumbite structure of substituted M 

ferrite samples. The thermal conductivity and thermoelectric power were determined at different temperatures for all the samples. The 

thermal conductivity coefficient, k, increases with increasing temperature due to the increasing in the number of photons, whereas the 

decreasing in, k, with increases doping ratio may be due to the formation of anion vacancies. The thermo-electric power measurements 

reveal the p-type semiconducting behavior of the samples. The increasing in drift mobility with temperature indicates that the hopping 

of electrons between Fe3+- Fe2+ and holes Co2+- Co3+ are activated by temperature as well as its concentration. So, it is presumed here 

that the conduction mechanism depends on the hopping of localized charge carriers. Due to the less value of activation energy (< 0.3 e 

V) small polaron hopping can be ruled out from conduction process. Thermoelectric power data indicated that the band conduction 

theory can be participating in the conduction mechanism. The phonon frequency was estimated to have an optimum value for higher 

substitution, due to the increase in phonon scattering.  
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1. Introduction 
 
Today ceramic magnetic materials, capable of combining a 
high resistivity and a high permeability, are found in 
numerous products used in our every day life such as home 
appliances, electronic devices, communication equipments 
and computers [1]. Polycrystalline ferrites are good magnetic 
semiconductors with low electrical conductivity and low 
eddy currents. They play an important role in various 
technological applications from microwave to radio wave 
frequencies. They are important components for the latest 
products, such as cellular phones, video cameras, and 
notebook computers hard and floppy drives. Hexaferrites 
powder with a narrow size distribution are promising 
materials for industrial applications due to their high 
coercivity, their moderate saturation magnetization, large 
magnetocrystalline anisotropy, high Curie temperature, 
chemical stability and corrosion resistivity [2- 5].  
 
BaM ferrite has a hexagonal ferrite structure (P63/mmc) 
which is symbolically described by RSR*S*, where R is a 
three oxygen – layer block with composition BaFe6O11, S 
(spinel block) is a two – oxygen – layer block with 
composition Fe6O8, and the asterisk means that the 
corresponding block has been rotated by 180º around the 
hexagonal c axis. In this structure the Fe3+ ions are 
distributed among five different sites (sub-lattice). These 
sites have different coordinations and are designated: 
octahedral (12k, 2a and 4f2 sites), tetrahedral (4f1 site) and 
trigonal bi-pyramid (2b site). Our previous studies on the 
substituted CaSrM ferrite shows the effect of Co-Ti and 
temperature on the electrical and thermal character for this 
type of ferrite [6]. The aim of the present work is to study the 
structural, thermal and electrical properties for BaM 
hexaferrite when both diamagnetic Ba2+ and magnetic Fe3+ 
ions are substituted by Zn and Co and Ti respectively [Ba1-

xZn x CoxTixFe12-2xO19 (x≤0.6)]. 

2. Materials and Methods  
 
The oxides ZnO, CoO, TiO2, Fe2O3 and BaCO3 ( high purity) 
were mixed together with molecular weight ratio for the 
preparation of Ba1-xZn x CoxTixFe12-2xO19 (0≤x≤0.6) 
hexaferrite by the conventional ceramic technique. Pure 
oxides were weighed using a digital balance, then ground to a 
very fine powder and mixed with distilled water for 4 hours 
using a magnetic stirrer. The mixture was subsequently dried 
at 120 ºC and then grounded in an agate mortar to obtain a 
very fine powder. All mixtures were pre-sintered at 1150 ºC 
for 4 hours and quenched to room temperature. The samples 
were re-grinded for 8h. The final fine powders were 
compressed into pellets (disks) using a hydraulic press under 
75 bar for 2–3 min. All the samples were then finally sintered 
at 1230 ºC for 6 hours and slowly cooled to room 
temperature. The samples were polished to obtain a uniform 
parallel surface. Contacts on the sample surface were made 
by silver paste. The bulk density of the tablets turns out to be 
=4.82~ 5.06 g.cm-3. The X-ray diffractograms were recorded 
with a Siemens D-5000 X-ray diffractometer using CoK 
radiation. The details of electrical and thermal measurements 
were reported earlier [6,7].  
 
3. Results and Discussion  
 

3.1 X- Ray Diffraction  

 
 The X-ray diffraction patterns of the Ba1-xZn x CoxTixFe12-

2xO19 samples are shown in Fig. 1. They demonstrate that all 
the samples of this series have single phase magnetoplumbite 
structure, and no trace of other phases was detected. On the 
other hand sharp lines are observed in all samples, indicating 
that the microstructure of the samples is composed of poly 
crystallites with a relatively large size. The lattice constants 
٬a٬ ,٫c٫ and their ratio c/a are slightly increase monotonically 
with increasing x as shown in Table 1. This is in accordance 
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with the fact that all hexagonal classes (M-Y-and W-type) are 
characterized by a constant lattice parameter 'a' (of order 5.88 
Å) but the parameter 'c' is slightly varied [3]. The change in 
the relative intensities may be ascribed to the occupation of 
the lattice sites by different substituted ions. 

 
Figure 1: XRD for CoTi-BaZnM hexagonal ferrite system 

 

3.2 The Thermal Conductivity Coefficient (k)  

 
The thermal conductivity coefficient, k, for the samples was 
estimated via the formula : 

dtdT.kA
J

IVQ 

                         
(1) 

where Q is the quantity of heat transferred through the 
sample per unit time , I is the electric current in Ampere, V is 
the applied voltage in Volt, A is the cross-section area of the 
sample and (dT/dt) is the temperature gradient on the sample. 
The variation in the thermal coefficient, k, with the 
compositional parameter (x) at 350, 450 and 550 K are 
shown in Fig. 2. The thermal conductivity, k, decreases with 
increasing x. It has been suggested that doping decreases the 
concentration of lattice vacancies [8]. The formation of 
excess vacancies enhances the volume of diffusion 
mechanism. However, if excess vacancies are formed, these 
would be anion vacancies rather than cation vacancies since 
Co2+ ion has a lower charge than the Fe3+ ion. These 
vacancies act as centers of phonon scattering caused a 
decrease in the coefficient of thermal conductivity, k. There 
are clear increases in the values of, k, with increasing in 
temperature. This behavior is attributed to the increasing in 
the number of photons with temperature, thereby leading to 
the increase in thermal conductivity.  

 

Table 1: Crystal lattice parameters and the activation energy 
for CoTiZnBaM hexaferite 

Composition, x a (Å) c (Å) c/a ∆E(eV) 
0.0 5.872 23.210 3.952 0.132 
0.2 5.891 23.241 3.945 0.125 
0.4 5.904 23.262 3.940 0.148 
0.6 5.895 23.295 3.952 0.145 

 

3.3 Effect of Temperature and Composition on the 

Thermoelectric Power   

 
The thermoelectric power or Seebeck coefficient () for Ba1-

xZnxCoxTixFe12-2xO19 ferrite increases by increasing 
temperature and compositional parameter, x, as shown in Fig. 
3. This means that the dominating charge carriers are holes 
and the minority conduction process is due to impurities. The 
behavior , x) may be explained as follows: doping is 
another mechanism for introducing vacancies [9-11]. 
 

 
Figure 2: Variation of thermal conductivity coefficient with 

Co contents at different temperature 
 

When the temperature increases the concentration of 
generating charge carriers increase and the hopping of these 
charge carriers induce charged vacancies. The excess 
vacancies which are formed causes a reduction for the 
phonon scattered, leading to a noticeable increase in the 
thermo-electric power. 
 

 
Figure 3: The variation of thermoelectric power with 
temperature for Ba1-xZnxCoxTixFe12-2xO19 hexaferite 
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Figure 4: Tamperature dependence of drift mobility for Ba1-

xZnxCoxTixFe12-2xO19 hexaferite 
 

3.4 Temperature Dependence the Charge Carrier 

Mobility  

 
It seems that the system Ba1-xZnxCoxTixFe12-2xO19 has two 
types of charge carriers, p-type and n-type. The two types 
participate in the conduction process. The electronic 
exchange between Fe2+ and Fe3+ ions , between Ti3+and T4+ 
ions and hole transfer between Co3+ and Co2+ ions at 
equivalent crystallographic sites (especially B-sites) are 
responsible for the conduction in ferrite according to Varwey 
de Boer mechanism [12, 13]. The impurities Co3+, Ti3+ and  

 

 
Figure 5: Variation of phonon frequency with with 

composition and temperature for Ba1-xZnxCoxTixFe12-2xO19 
hexaferite. 

 

Fe2+ ions could be formed during the sintering process [14, 
15]. The conductivity can be expressed as: e + h = 
nen + pep, where n and p, are the mobility of electrons 
and holes, n and p the concentration of electrons and holes, 
respectively. p-type conduction is predominantly due to holes 
as a result of the reduction in Co contents in the Ba1-

xZnxCoxTixFe12-2xO19 system. Using DC conductivity and 
thermoelectric power data the drift mobility was determined 
as a function of temperature. Fig. 4 shows the temperature 
dependence of the charge carrier mobility (as Ln  vs. 
103/T) for all the studied samples. It is clear that increases 
as the temperature increases. This means that the 
predominance conduction mechanism is the hopping of 

localized charge carriers which activated by temperature. 
From the slopes of the activation energy for hopping ∆E 
was determined by the relation: exp(-∆E/kBT), and 
listed in Table 1, where  is a constant representing the 
mobility at T = ∞ [16]. From the table we notice that, the 
activation energy ∆E have all the samples have low values (< 
0.3 eV). According to Purushotham [17] and Klinger [18] for 
these samples the hopping of the small polaron cannot 
participate in the conduction mechanism and the hopping of 
the localized charge carriers is the principle conduction 
channel for the system. 
 
3.5 Effect of Composition and Temperature on Phonon 

Frequency 

 

The phonon frequency, was estimated from the small 
polaron mobility expression:  

    Tk/EexpTk/Le.c1 BHB0
22 

       
 (2) 

Where "e" is the electron charge, "c" velocity of light and L 
is the jump length between conduction sites calculated from 
the relation [7] : 

L =d√2/4                                     (3) 
where d is the value of lattice parameters in the three 
directions for hexagonal ferrite, and EH is the activated 
hopping energy, kB Boltzmann constant. The effect of 
composition on the phonon frequency at different 
temperatures is shown in Fig. 5. It is noticed that the 
frequency increased with temperature and compositional 
parameter x. These results can be explained as follows: the 
thermal conductivity of a material determined by a process 
may be considered a fundamental property of the material, 
and called the lattice conductivity. Imperfections and 
inhomogeneity in a body also acts as centers of phonon 
scattering, and thus further reducing in their mean free path. 
It is convenient to consider imperfections on the atomic 
scale, e. g. impurity atoms, dislocations and pores. The 
increase in the number of pores decreased the thermal 
conductivity and increased the phonon frequency, these pores 
scattered the phonons and reduced the mean free path, 
causing the increase in the phonon frequency [19, 20]. 
 
4. Conclusion  
 
 The results of this study can be summarized in the following 
points: 
1) The system with the chemical formula Ba1-xZn x 

CoxTixFe12-2xO19 (0 ≤ x ≤ 0.6) was prepared by ceramic 
method and XRD analysis confirmed the single phase 
magnetoplumbite structure.  

2) The increase of thermal conductivity with increasing 
temperature in the system due to the increase in lattice 
vibration. This vibration enhances the thermal phonons 
to move through the samples.  

3) The thermo-electric power measurements reveal the p-
type semiconductor behavior of the samples.  

4) The increasing in the mobility of localized charge 
carriers with the temperature indicated that the hopping 
of the charge carriers is the predominant conduction 
mechanism.  

5) The increasing in the pores causes the decrease in 
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thermal conductivity and increasing phonon frequency 
for the samples. 
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