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ABSTRACT

The DC electrical property of 𝑳𝒊𝒙𝑪𝒖0.5𝒁𝒏𝟎.𝟓−𝟐𝒙𝑭𝒆𝟐+𝒙𝑶4 (x=0.00, x=0.05, 0.10) samples

prepared by solid state reaction method was investigated. The samples were calcined at

800℃ and sintered at 1000℃ and 1050℃ respectively in air for 5 hours. The samples were

placed in an electric oven and the corresponding resistance and temperature measurement

were taken using 2 probe method by keithley 2450 and 6517b respectively. The resistance

was found to decrease as the value of x increased and also increasing temperature showed

semiconductor behaviour of the samples.
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Chapter 1

Introduction

Ferrite is a type of ceramic material with a chemical composition consisting of iron oxide

(Fe2O3) and other metallic oxides, such as zinc oxide or nickel oxide. Ferrites are widely used

due to their magnetic properties and their ability to conduct direct current (DC).

Ferrites' DC conductivity is a crucial characteristic since it establishes the material's capacity

to carry electrical charges steadily in the absence of alternating current. The type of metallic

oxide utilised in the material and the size of the ferrite particles are two parameters that have

an impact on the DC conductivity of ferrites.

Ferrites are employed as the magnetic cores of microwave filters, inductors, and transformers

in electronic applications. They also serve as microwave absorbers and magnetic data storage

devices. Ferrites are perfect for these applications due to their high DC conductivity, which

enables the quick movement of electrical charges.

As a result of their unique mix of magnetic and electrical characteristics, ferrites are

adaptable materials that are useful in a variety of electronic applications.

One of the main factors contributing to their widespread use in the electronics sector is their

excellent DC conductivity.

Ferrites; has many significant characteristics such as high permeability and saturation

magnetization in the radio frequency region, high electrical resistivity, etc make ferrite a

superior material.

Lithium ferrites like other ferrites, have high magnetic properties and high DC conductivity.

The high DC conductivity of lithium ferrite makes it ideal for use in electronic applications

where efficient transport of electrical charges is required.
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One of the unique characteristics of lithium ferrite is its high dielectric constant, which is a

measure of the material's ability to store electrical charges. This makes lithium ferrite a

promising material for use in capacitors, where it can store large amounts of electrical energy.

In addition to its high DC conductivity and dielectric constant, lithium ferrite also has a high

thermal stability, making it suitable for use in high-temperature applications. This

combination of physical and electrical properties makes lithium ferrite a versatile material

that can be used in a variety of applications in the electronics industry.

Lithium and mixed Lithium ferrite have a significant role, especially as replacement of

garnets because of their low cost [1]. Lithium ferrites are used as microwave devices like

circulators, isolators and phase shifters [2].

Lithium ferrite can be prepared by sol gel technique, ball milling, micellar reactions, solid

state reaction, sucrose method,coprecipitation method and combustion synthesis. Substitution

with metals ions like cobalt (Co2+), zinc (Zn2+), etc. different experiments can be performed.

[2]

In this experiment we performed Zinc substituted Li-Cu ferrite polycrystalline synthesis by

solid state reaction method.
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Objective of the research

High permeability and stability in high frequency range makes particular ferrite material to be

used in many electronic devices. Having high resistivity , low power and eddy current losses,

Furthermore, ferrites are good filters as it reduces high frequency electrical disturbances

making it a good candidate for low pass filters. Therefore, investigating the DC electrical

property of the ferrite samples can provide insights into the potential applications of lithium

ferrite as a material for electronic devices and can contribute to the development of new and

improved ferrite materials with desired properties and further our knowledge about lithium

doped ferrites.

Possible outcome of the research

Due to Li and Fe substitution the ferrite’s resistance decreases and increasing temperature

will also cause resistance to decrease due to the semiconducting behaviour of the material.

Spinel structure

Ferrite has a spinel structure[3] similar to that of M𝑔𝑂. 𝐴𝑙2𝑂3 which is also known as cubic

spinel. It usually consists of cubic close packed oxides and two tetrahedral and four

octahedral sites per unit formula. The formula being 𝐴𝑂. 𝐵2𝑂3or 𝐴𝐵2𝑂4

Where A and B represent the divalent (A2+) and trivalent (B3+) cations respectively [4].

All B3+ ions occupy the octahedral sites and the A2+ ions occupy the tetrahedral sites. The B

site is surrounded by 6 nearing oxygen neighbours who form an octahedral site and A site is

surrounded by 4 oxygen atoms in a tetrahedral structure shown in Fig 1 below. The total

structure consists of 2 tetrahedral and four octahedral sites in a repeating array of lattices. In

total a single unit consists of eight sub cells with 8 A sites, 16 B sites and 32 oxygen ions.

Metal ions enter site A when chemical bonding happens whereas site B is occupied by the

trivalent ions. Whether a bigger or smaller ion will be accommodated is determined by the

void in between the oxygen ions. Metal cations occupy the A-site and B-site crystallographic
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positions in the spinel structure. In this instance(x=0), the B-site cations are iron (Fe) atoms,

whereas the A-site cations are a mixture of copper (Cu) and zinc (Zn) in equal amounts.Inside

the crystal lattice, the iron cations occupy the octahedral B-sites, while the copper and zinc

cations share the tetrahedral A-sites. The remaining spaces are taken up by oxygen (O) ions,

which cluster closely around the metal cations. When Lithium and iron is doped; the value of

x is 0.05 or 0.1. Lithium replaces Zinc from the tetrahedral A site and more iron is added in

the octahedral B-site.[10,11]. Fe ions occupy the larger octahedral B-sites [11]. Under certain

conditions and depending on the composition of the ferrite material, a small proportion of Fe

ions can occupy the tetrahedral sites (site A) in the spinel structure, although they typically

prefer to occupy the octahedral sites (site B) due to their coordination number.[12]

The A sites are occupied with smaller cations, usually with tetrahedral coordination , whereas

the B sites are occupied by the larger cations. Lithium being a small cation with a much lesser

radius than that of Fe prefers the tetrahedral A site and is unable to occupy the larger

octahedral B site.

Fig 1:Crystal structure of spinel ferrite
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Chapter 2

Sample preparation

Ferrites and their compositions are analysed using a variety of methods[3]. Among these,

ferrite powder is usually produced using the traditional ceramic technique and solid state

reaction method. Additional approaches are [13,14]:

1) Sol-gel synthesis

2) Co-precipitation

3) Organic precursors

4) Freeze dying

5) Spray dying

6) Combustion synthesis

7) Glass crystallisation

The solid state reaction method was used for the preparation of your samples. The method is

discussed below.

Solid state reaction method:

To produce the final researched products, the solid state reaction process goes through a

number of steps. It is required to heat solids to higher temperatures to encourage the reaction

since solids normally do not perform chemical reactions at room temperature in a decent

length of time. The structural properties of the reactants, the surface area of the solids, the

reaction circumstances, and the reaction's thermodynamics are only a few of the variables

that affect whether the reaction is successful [13]

To obtain the desired composition, raw materials consisting of oxides or carbonates are

ground, crushed, and milled in the appropriate proportions. Once the powders have been

finely ground, they are subjected to calcination in air at temperatures exceeding 500 degrees

celsius for a duration of 5 hours. The specific temperature required for calcination may vary
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depending on the specific needs of the process. Calcination serves to remove impurities from

the powders. Following calcination, the powders are once again hand-milled to ensure that

they are smooth and uniform. Using a die punch assembly or hydrostatic/isostatic pressure,

the necessary pellets and toroid samples are prepared from the calcined powder, as needed.

Sintering is then carried out in various atmospheres at temperatures ranging from 950 to 1150

degrees celsius for a typical period of 1 to 10 hours.[13,14]

The general solid state which leads to the formation of the ferrite may be represented as

Where Me is the metal ion. The 4 basic steps for the preparation of ferrites are as follows:

1) Preparing the components to make a close combination with the metal ions in the

proportions that the finished product will have.

2) Calcinating the combination to create ferrite.

3) Grinding and pressing the calcined powders to get the desired form.

4) Sintering to create a product that is considerably densified.

Details for Sintering, Pressing and Calination:

The process of calcination involves heating mixed powders to a specific temperature for a

designated duration, followed by a gradual cooling process, in order to attain a uniform and

pure composition. This method can be repeated multiple times to achieve a high level of

uniformity. Once calcined, the powders are once again pulverised.

Prior to compaction, a binder is often applied at a concentration lower than 5wt%. Binders,

which might be polymers or waxes, help the particles move during compacting and

strengthen the link between them. Polyvinyl acid is the most often used binder for ferrites.

Binders break down and are removed from the ferrite during sintering. Various pressures,
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often many tons per square inch, are employed for compacting. (i.e. to desired toroid and

pellet forms at up to 108 nm-2).

By heating a compacted powder for a fixed amount of time at a temperature high enough to

encourage diffusion but definitely below the melting point of the basic element, the sintering

process creates a sample with a denser, more durable body.

The flow chart below shows the entire process:

Fig 2: The entire process for obtaining ferrite samples

Sintering is an important process with three main objectives. Firstly, it helps to bind the

particles together, giving the final product the strength it requires. Secondly, it works to

eliminate any pores and increase the density of the material. Finally, sintering aids in

achieving homogeneity by completing any unfinished reactions from the calcination stage.
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𝑳𝒊𝒙𝑪𝒖0.5𝒁𝒏𝟎.𝟓−𝟐𝒙𝑭𝒆𝟐+𝒙𝑶4 (with x=0.00, 0.05, 0.10) To prepare this material, the solid state

reaction method was employed with the required amount of raw material. The pure powder

(99.9%) of 𝐿𝑖2𝐶𝑂3 , Cu2O, ZnO, Fe2O3 are weighed out according to the required composition

and hand milled for about 5 hours for chemical reaction to happen using a clean pistol and

mortar. The process is further facilitated by calcination which is undertaken for 5 hours in air

at a temperature of about 950℃. The calcined powder was then granulated using polyvinyl

acid as a binder and pressed into desired pellet and toroid shapes. In the final stages it was

sintered at temperatures of 1000℃ and 1050℃ in air for about 5 hours. The temperature

ramps for sintering were 5℃ /min for heating and 10℃ /min for cooling.
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Chapter 3

Results and discussion

The conductivity of electrical charges in ferrites is due to both electron and hole conduction.

While the electrons in ferrite materials are not completely free, they can move through the

material and participate in the flow of electrical charges[15]. This movement of electrons is

influenced by the electronic structure of the material, including the density of states and the

bandgap, which determines the material's conductivity[15].

Conduction in ferrites is primarily due to Verwey’s hopping mechanism. Principally it is due

to the hopping of electrons from one valence state to another of the same element for example

Fe2+/Fe3+ . The hopping probability depends upon the ion pairs present at the octahedral B

sites [5] Therefore as x increases the chances of ion hopping in the octahedral site increases.

Hence reducing resistivity.

Sintering temperature 1000℃:

Value of x Resistance(ohm)

x=0.00 5.02E+07

x=0.05 4.24E+07

x-0.10 3.96E+07
Table 1: Room temperature resistance(304.97K) of the samples sintered at 1000℃

The values are represented below in the graph.
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Fig 3: Resistance Vs value of X at room temperature for samples sintered at 1000℃

Increasing temperature showed an decrease in resistance. The increase in conductivity of

ferrites can be linked to the increase of the drift mobility of charge carriers with increase in

temperature.[6]

Drift mobility is a measure of the average velocity of a charge carrier (electron or hole) in a

material in response to an applied electric field. It is defined as the ratio of the drift velocity

of a charge carrier to the applied electric field. The drift velocity is the velocity of the charge

carrier in the direction of the electric field, and it is proportional to the strength of the electric

field.
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Graph for x=0.0

Fig 4: Resistance Vs temperature graph for sample x=0.00 sintered at 1000℃

Graph for x=0.05

Fig 5: Resistance Vs temperature graph for sample x=0.05 sintered at 1000℃
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Graph for x=0.1

Fig 6: Resistance Vs temperature graph for sample x=0.10 sintered at 1000℃

Sintering temperature 1050℃

The sample sintered at 1050℃ also shows a similar decrease in resistance when the value of

x increases at room temperatures and can be linked to similar reasoning just like before.

Value of x Resistance(Ohm)

x=0.00 5.01E+07

x=0.05 2.96E+07

x-0.10 9.97E+06
Table 2: Room temperature resistance(301.97K) of the samples sintered at 1050℃

The values are represented below in a graph:
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Fig 7:Resistance Vs value of X at room temperature for samples sintered at 1050℃

The increase in conductivity of ferrites can be linked to the increase of the drift mobility of

charge carriers with temperature[6]. Increasing temperature increases the thermal energy of

the charge carriers which allows much efficient movement of these charge carriers through

the material. Decreasing resistance with increasing temperature confirms semiconductor

behaviour, which works according to Arrhenius relation[8]:

ρ = ρ𝝷 exp (Ea /kT); where k is the Bolztman constant.ρ resistivity at temperature T, Ea is the

activation energy and ρ𝝷 resistivity at 0K. Moreover, most probably a change in slope can be

associated with the change in conduction mechanism or phase transition from ferromagnetic

to paramagnetic[9].

Therefore, increasing temperature decreases resistance.
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Graph for x=0.0

Fig 9:Resistance Vs temperature graph for sample x=0.00 sintered at 1050℃

Graph for x=0.05

Fig: 10 Resistance Vs temperature graph for sample x=0.05 sintered at 1050℃
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Graph for x=0.10

Fig 11: Resistance Vs temperature graph for sample x=0.10 sintered at 1050℃

A higher sintering temperature causes the crystal structure to change from disorder to ordered

structure [7]. Ultimely, enabling the possibility for the hopping of electrons to be higher.

Hence, the same value of x sintered at higher temperatures shows lower resistance. The

following phenomena is provided below in the form of a graph.

Fig 12: Room

temperature

resistance Vs

value of X for

both the sample

sintered at 1000℃

and 1050℃.
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Graph plotted from table 1 and table 2.

Even at higher temperatures the effect of sintering temperature is the same. Where a higher

sintering temperature shows a decrease in resistance for the same value of x.

Value of x Temperature(K) Resistance (Ohm)

Sintered at 1000℃

x=0.00

402.2 7.34018E+06

x=0.05 402.2 6.3254E+06

x-0.10 402.2 5.60791E+06

Sintered at 1050℃

x=0.00

402.2 7.15021E+06

x=0.05 402.3 2.02989E+06

x-0.10 402.3 1.1612E+06

Table 3:Higher temperature resistance for different values of x sintered at 1000℃ and 1050℃

The data is displayed below in the form of a graph

Fig:13 Higher

temperature

resistance Vs

value of x for

both the

sample

sintered at

1000℃ and

1050℃
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Conclusion

In conclusion, the study of the properties of lithium ferrite has revealed important knowledge

about its electrical behaviour. According to the study, the material behaves like a

semiconductor and resistance decreases as temperature increases due to increase in drift

mobility of charge carriers at higher temperature . Furthermore, it has been noted that the

resistivity decreases as x increases due to the higher probability of ion hopping in octahedral

B sites, showing a considerable impact of doping concentration on the substance's electrical

properties. The usage of lithium ferrite in semiconductor applications may prove to be a

promising choice as a result of these findings, which have significant implications for the

creation of innovative electronic devices. Overall, this study has improved our understanding

of lithium ferrite's electrical characteristics and offered up new directions for future research

in the area.
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