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INTRODUCTION 

 

The possibility of using nanostructured materials for a wide range 

of superperfomant technological applications is of particular interest for 

scientific research and industrial production accordingly. 

Oxides with spinel structure have played a decisive role in the 

magnetic materials group, but improvements and innovations continue to 

take place. In the last decade, numerous studies have been conducted in the 

field of nanocrystalline materials due to special properties and potential 

applications in magnetic and catalytic devices or microwave technology. 

Therefore, widely use in most modern technologies of these nanometric 

oxide compounds with magnetic, semiconductors, dielectrics and special 

catalytic properties justifies the choice of the research topic of the thesis.  

Thee objective of the present research was to study the relationship 

between the method of preparation, the structural and magnetic, electrical 

and photo-catalytic properties of chromium-based spinel oxides. Therefore, 

we proposed to prepare new spinel oxides based on Cr, with nanoscale 

dimension and high purity at a temperature as low as possible using sol-gel 

auto-combustion method, for applications at high frequencies. 

For this purpose, were prepared three series of  oxide spinel with 

mixed valence, that having the general formula ZnFe2-xMxO4, where M = 

Cr, Al and respectively, ZnFe2-2xCrxMxO4 (M = Al). Finally, it was prepared 

rare earth substituted materials of the general formula ZnCr2-xMxO4 (M = 

La). It is well known that the substitution of Cr
3+ 

ions in the ferrites with 

spinel structure increases the electrical resistivity and decrease the dielectric 

loss, making the material ideal for high frequency applications. The Al
3+
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substituted zinc ferrite may be used in a wide range of radio frequencies and 

microwave applications, in which is necessary that the electric and magnetic 

losses to be minimum. Lantaninde substitution is suitable for the reduction 

of Curie temperature and increasing the magnetic anisotropy and coercivity 

of materials [9]. However, as will be seen in the section dedicated to, the 

preparation of rare earth substituted materials is very difficult. 

Experimentally stage in the laboratory MACS-Montpellier offered 

me the opportunity to test the applicability of the materials synthesized in 

photochemical decomposition of aqueous Orange I dye under UV light 

illumination. The literature contains few works about the photocatalytic 

properties of zinc ferrite substituted by trivalent cations in decomposition 

processes of dyes used in the industry.  

The thesis is structured into two main parts, themselves composed 

of three chapters. For a better understanding of nanostructured materials 

with spinel structure, first part of the thesis includes generalities about the 

structure, preparation and physical properties of oxides with spinel structure 

and a summary of the most representative bibliographic information about 

the preparation and characterization of such oxides. The second part of the 

thesis consists of two main sections (II and III). Chapter II describes the 

synthesis protocol of nanomaterials based on chromium. Obtaining the 

desired materials was confirmed by the characterization techniques such as 

infrared spectroscopy, X-ray diffraction, electron microscopy, Mössbauer 

spectroscopy. Furthermore, it was investigated the effect of substitution 

with trivalent cations in the octahedral positions of ferrites on the magnetic 

and dielectric properties. 

The chapter III presents the performance of the materials studied in 

fotodecomposition process of Orange I dye in aqueous solution under UV 
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light irradiation. The materials that showed a high performance have been 

tested then in Orange I dye photodecomposition under visible light 

irradiation. Based on preliminary results was observed improving the 

photocatalytic activity by substitution with trivalent cations.  

In the end of the thesis are presented the general conclusions of the 

research, references and valorisation of results. 

Personal research were aimed the synthesis and characterization of 

spinel oxides based on chromium. Personal investigations covered proposed 

topics, and the results were presented as concisely as and clearly. Some of 

the results obtained in the research were published in specialized journals 

globally recognized and others are submitted for publication. The results 

obtained were valorized through presentations at various national and 

international conferences both in the poster session as well as the Plenary 

session.  
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Current state of knowledge 

Chapter I. General considerations on oxides with spinel 

structure 

I.1. The crystalline structure of spinel 

Oxide compounds with spinel structure are part of a class of 

materials with high performance technological applications, which often 

does not exist sustainable alternative. The spinels forms one of major family 

of crystalline oxides. Their name comes from the mineral MgAl2O4, which 

has a homologous crystalline structure. The spinels with ideal structure 

crystallizes in cubic system (fcc), forming octahedral crystals belonging to 

space group Fd3m. Spinels group comprises about 30 minerals and main 

member of this family has general formula AB2O4. Tetrahedral position "A" 

can be occupied by divalent ions such as Mg, Fe, Ni, Mn and Zn. On the 

octahedral position "B" may be incorporated trivalent ions like Al, Fe, Cr 

and Mn. Oxygen ions are heavier than metal ions and therefore one can say 

that the spinel structure is a face-centered cubic lattice and showing two 

sublattices "A" and "B" [11]. Therefore, can be described three spinel 

structure arrangements: 

a. Normal spinel, [A]
ted

[B2]
oct

O4 

b. Inverse spinel, [B]
ted

[AB]
oct

O4 

c. Mixed spinel, A1-λBλ(AλB2-λ)O4  
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I.3. Synthesis methods of spinel oxides  

 The preparation of compounds in solid form is considered difficult 

and complex, although there are numerous synthesis methods: direct 

synthesis in solid phase (conventional ceramic process), co-precipitation 

method, hydrothermal method, combustion method, sol-gel method, etc.. 

The choice of method depends mainly on the form that we want the final 

compound. Main issue of of polycrystalline oxides preparation is the 

reproducibility properties required for industrial applications, because these 

properties are dependent on microstructure.  

I.3.2.2. Combustion method 

Combustion method proved to be one of the most advantageous 

methods of obtaining nanosized powders [24].It is a method recently 

applied in the synthesis of spinel oxides and therefore there are few studies 

on the preparation of chromium spinel oxides basis of this technique at low 

temperatures. Combustion techniques in solid phase present a series of 

advantages over the methods in solution, because of their simplicity and low 

degree of agglomeration. The method is based on a very exothermic redox 

reaction between the oxidizing metal salts such as metal nitrates and a 

combustion agent which is an organic compound (fuel), such as citric acid, 

tartaric acid, urea, polyacrylic acid, glycine, sucrose, etc. The use of such 

fuels has the advantage of obtaining fine powder which possesses the 

desired structural characteristics, by intimate mixing of the starting 

materials. 
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Personal contributions 

Chapter II. Synthesis and characterization of oxide 

compounds with spinel structure 

II.2.1. Synthesis of ZnFe2-xMxO4 oxide compounds 

The spinel oxide compounds synthesis with general formula  

ZnFe2-xMxO4, where M= Cr and Al, were made by sol-gel auto-combustion 

method. The nanopowders with general formula ZnFe2-xCrxO4 

 (x = 0; 0,25; 0,5; 1,0; 1,5; 2,0) were prepared by using  chromium nitrat 

[Cr(NO3)3·9H2O] (99,9%, Aldrich), iron nitrat [Fe(NO3)3·9H2O] (99,9%, 

Aldrich),  zinc oxide ZnO (Sigma-Aldrich) and tartaric acid (Merck) as fuel 

agent. Zinc oxide was obtained in situ from ZnO (99%, Sigma-Aldrich) and 

nitric acid 20% solution.  

ZnO + 2HNO3 = Zn(NO3)2 + H2O      (1) 

The tartaric acid was mixed with each sample of metal nitrates 

mixture in 3:1 molar ratio of tartaric acid to metallic cations, resulted from 

the following chemical equations proposed for the synthesis of ZnFe2-xMxO4 

(0≤x≤2) oxides: 

Zn(NO3)2 + xM(NO3)3 + (2-x)Fe(NO3)3 + (11/2)O2 + 3C4H6O6 =  

= ZnFe2-xMxO4 + 8NO2↑ + 12CO2↑ + 9H2O↑   (2) 

In the case of our synthesis has been experimentally observed that auto-

combustion ceases to occur at a molar ratio of nitrate: tartaric acid of 1:3 

and therefore, this ratio can be taken as a fuel-deficient ratio. Thus we 

calculated as follows (Eq. 3): 

Furthermore, we calculated fuel-deficient ratio (ρ) and obtained the 

value of 0.75, which proved adequate to obtain spinel oxides with high 



Adrian Iulian BORHAN   ~    Synthesis and characterization of spinel oxide compounds AB2O4 

 
10 

purity due to the presence of NO3 groups, which provide a good oxidation 

and iron in high oxidation state, i.e. Fe
3
  

After coresponding salts solubilisation and tartaric acid adition, the 

solutions were heated at 70⁰C through gel phase transformation. The gel 

was gradually heated at 350⁰C, when the autocombustion occured. The 

obtained powders were presintered at 500⁰C/7 h and then were sintered at 

700⁰C/7 h. The mixed solutions were heated for 3 h at 80⁰C through gel 

phase transformation. The gel was heated at 300⁰C, when the auto-ignition 

was clearly observed. The obtained powders thermally treated in powder 

in two steps: up to 500⁰C/7 h and up to 700⁰C/14 h. 

II.3. The study of spinel oxides with general formula  

ZnFe2-xCrxO4(0≤x≤2) 

II.3.1. Overview 

According to our literature searches, there is no report about  

ZnFe2-xCrxO4 synthesis by sol-gel auto-combustion. Our main objective was 

to synthesize pure nanocrystalline powders with the general formula  

ZnFe2-xCrxO4  (x=0, 0.25, 0.5, 1.0, 1.50, 2.0) by sol-gel auto-combustion 

method using tartaric acid as chelating and fuel agent and to investigate the 

effect of Cr
3+

 substitution in ZnFe2O4 on structural characteristics, magnetic 

and electrical properties.  

II.3.2.   Structural analysis by IR  

The figure 14 presents IR spectra of  ZnFe2-xCrxO4 (0≤x≤2) 

nanomaterials in the wavenumber range 700 - 300 cm
-1

 to highlight lattice 

vibration modes. The presence of two main absorbtion peaks 1 and 2, 
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characteristic of spinel structure is confirmed for all samples. These two 

peaks could suggest the existence of the spinel-type structure. Absobtion 

peak observed in the range 610-520 cm
-1

 is assigned to 1 wavenumber and 

that of range 490-390 cm
-1 

is attributed to 2 wavenumber [82]. Prezenţa 

celor două maxime de absorbţie corespunzătoare numerelor de undă 1 şi 2, 

caracteristice structurii de tip spinel este confirmată pentru toate probele 

preparate. Maximul de absorbţie din intervalul 520-610 cm
-1

 este atribuit 

numărului de undă 1  iar cel din domeniul 390-490 cm
-1

 este atribuit 

numărului de undă 2 [82]. The spectrum shows a shift of position peaks in 

both 1 and 2 wavenumbers with incresing of Cr content in system. 

 

Figure 14. IR spectra of ZnFe2-xCrxO4 powders heated at 700°C 

 

Table 1 shows the increase of force constant corresponding to 

tetrahedral and octahedral positions with increasing the amount of chromium in 

the system, which means a shortening of cation-oxygen bonds in both 

tetrahedral and octahedral units. 
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Table 1. IR wavenumbers ( 1 and 2), force constants (KT and KO) and  

( 1- 2) difference  

 

 

 

 

 

 

Composition 

(x) 
1  (cm-1) 2 (cm-1) KT x105   

(dynes/cm2) 

KO x 105  

(dynes/cm2) 
1- 2 

0,00 527 393 1,35 0,92 134 

0,25 546 423 1,36 1,08 123 

0,50 527 468 1,47 1,28   89 

1,00 583 482 1,59 1,34 101 

1,50 602 488 1,69 1,71 114 

2,00 609 489 1,82 1,32 120 

II.3.3. Structural analysis by X-ray diffraction  

Figure 16 depicts the XRD patterns of  ZnFe2-xCrxO4 compounds 

thermally treated up to 700⁰C for 14 h, clearly seen the stabilization of 

spinel structure. Spinel monophase completion was observed for all 

samples, only for ZnFe1.75Cr0.25O4 sample have been detected two secondary 

phases ZnO with hexagonal structure (89-0510, ICDD) and Fe2O3 with 

rhombohedral structure (89-0599, ICDD). These impurities occurs because 

of lower content of fuel agent.  

 

Figure16. X-ray diffraction patterns for ZnFe2-xCrxO4 powders heated at 700°C. 
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Table 2 shows a linear decrease of the lattice constant values and 

respectively, of the crystallite size in the range of 36-24 nm as a result of 

chromium content increase in the system. This variation in unit cell size can 

be due to the replacement of Fe
3+

 (0.645Å) ions by Cr
3+

 ions, a slightly 

smaller ion (0.615Å) [74].  

Table 2. Structural parameters of ZnFe2-xCrxO4 powders (0,0≤x≤2,0) 
 

Composition 

(x) 

a311 (Å) ± 0.2% D (nm) ± 0.5% d311 (Å) ± 0.2% X-ray density 

 (dx)    g/cm3 

0,00 

0,25 

0,50 

1,00 

1,50 

2,00 

8,404 

8,397 

8,377 

8,347 

8,311 

8,291 

35,5 

33,8 

32,5 

28,2 

24,5 

27,4 

2,53 

2,53 

2,52 

2,51 

2,50 

2,50 

5,42 

5,39 

5,40 

5,41 

5,44 

5,44 

 

For the ZnFe2-xCrxO4  system, known preference of Cr
3+ 

ions for the 

octahedral sites [89,90], could be proposed the next cation distribution 

formula: 

(Zny
2+

Fe1-y
3+

)
A
[Zn1-y

2+
Fe1-x+y

3+
Crx

3+
]

B
O4

2- 

indicating that the Fe ions have migrated from the B to A sites (Table 3). 

 

Table 3. Cation distribution, theoretical lattice parameter (ath), bond lenght 

(RA and RB) and oxygen positional parameter (u) 
x ath(Å) RA (Å) RB (Å) Cation distribution u43m ( Å) m(Å) 

0,00 8,442 1,9635 2,0321 (Zn0,85
2+Fe0,15

3+) 

[Zn0,15
2+Fe1,85

3+] 

0,384 0,2594 

0,25 8,429 1,9580 2,0307 (Zn0,80
2+Fe0,20

+) 

[Zn0,20
2+Fe1,55

3+Cr0,25
3+] 

0,384 0,2592 

0,50 8,417 1,9525 2,0293 (Zn0,75
2+Fe0,25

3+) 

[Zn0,25
2+Fe1,25

3+Cr0,50
3+] 

0,384 0,2590 

1,00 8,395 1,9470 2,0242 (Zn0,70
2+Fe0,30

3+) 

[Zn0,30
2+Fe0,70

3+Cr1
3+] 

0,384 0,2590 

1,50 8,373 1,9415 2,0191 (Zn0,65
2+Fe0,35

3+) 

[Zn0,35
2+Fe0,15

3+Cr1,50
3+] 

0,384 0,2589 

2,00 8,368 1,9800 1,9950 (Zn1
2+)[Cr1

3+Cr1
3+] 0,386 0,2618 
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II.3.4. Structural analysis by scanning electron microscopy  

SEM microstructure for samples with composition x = 0.0, 0.5, 1.0, 

2.0 are shown in figure 17(a-d). It can be seen that the grains of uniform 

size are distributed throughout the surface and shows the decreasing trend 

with chromium substitution. The particle size decrease significantly with 

increasing chromium concentration since the ionic radius of chromium is 

smaller than the ionic radius of iron. Also, the particles agglomerate with 

increasing chromium content. The average particle size is between 56-73 

nm, which is slightly larger than that determinate by XRD. This shows that 

every particle is formed by a number of crystallites or grains [92]. 

 

Figura 17(a-d). SEM micrographs of ZnFe2-xCrxO4: (a) x=0.0,  (b) x=0.5, (c) x=1.0, 

(d) x=2.0 

 

II.3.5. Magnetic properties study 

Figure 19 shows typical hysteresis loop of investigated samples 

ZnFe2-xCrxO4 calcined at 700°C.  
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       Figure 19. Hysteresis loop of ZnFe2-xCrxO4 serie 

It can be seen that all investigated compounds produce a very 

narrow hysteresis cycle, indicating a behavior characteristic of soft 

magnetic materials. The saturation magnetization and coercitive field 

decrease nonlinearly with increase in chromium content because of cation 

distribution, microstructure, density powder and surface spin disorder. 

(Tabel 6).  

Table 6. Magnetic parameters measured at room temperature and calculated for 

ZnFe2-xCrxO4  powders  

 

The low values of remanent magnetization Mr can be due to the 

nanosize crystallites and low saturation magnetization. The calculated 

Composition 
(x)  

 Ms 

(emu/g)  
  Mr 
(emu/g)  

Mr/Ms   Hc   
(Oe)  

μexp  
( magneton 

Bohr)  

μcalc  
(magneton 

Bohr)  

Canting 
angle 

(°)  

0,00  

0,25  

0,50  

1,00  
1,50  

2,00  

4,35  

3,70  

3,90 

3,10 
3,55  

3,25  

0,7  

0,7  

0,7  

0,7  
0,7  

0,7  

0,50  

0,26  

0,48  

0,32  
0,25  

0,24  

50  

150  

150  

130  
90  

110  

1,87  

1,59  

1,67  

1,31  
1,49  

1,35  

9,25  

8,75  

6,00  

5,00  
3,50  

6,00 

-  

31,30  

50,09  

79,21  
97,74  

121,43  
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values of Mr/Ms loop squareness ratio are less than 0.50, recommended 

materials to be used for cores and coils with low inductance [98]. 

II.3.6. Dielectric properties study  

The real part of dielectric constants (ε') and imaginary part (ε") 

decreases with increasing frequency due to Maxwell-Wagner type 

interfacial polarization in accordance with Koop’s phenomenological theory 

[60, 61] (figure 20 (a-b)). Chromium ions do not participate in the 

conduction process but decrease the number of electron hopping (Fe
3+

 ↔ 

Fe
2+

) through which the electrons move in the direction of the electric field 

applied [99]. Dispersion of dielectric constant is maximum for composition 

x=0.5, ZnFe1,5Cr0,5O4. 

  

Figure 20(a-b). Variation of real (a) and complex (b) dielectric constant with frequency 

  

 Figure 21 shows that all tested compounds have a normal dielectric 

behavior and an exponential decrease in dielectric loss tangent values with 

increasing frequency, resulting in very low loss factors ranging from 0.02 to 

0.04 at high frequencies. 
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Figure 21. Variation of loss tangent, tanδ, with frequency 

II.3.7. Conclusions 

In this chapter we successfully studied the influence of 

introduction of Cr
3+

 ions in octahedral position B on the structure and 

magnetic and electrical properties of zinc ferrite. 

It was optimized synthesis of chromium substituted zinc ferrite by 

the sol-gel auto-combustion, using a deficiency of fuel agent which 

contributed to the lower cost of synthesis.  

Dielectric properties of the starting material were improved by the 

substitution of chromium ions. The dielectric constant and dielectric loss 

decrease with increase in frequency and attains a constant value at high 

frequencies. 

These results indicate that Cr-substituted zinc ferrites are advised 

to be used in applications that require lower magnetic losses. 
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Capitolul III. Testarea activităţii fotocatalitice a oxizilor cu 

structură de tip spinel 

  III.2. Photocatalytic reaction procedure  

The photocatalytic activity of the catalysts prepared was evaluated 

by degradation of recalcitrant textile dye Orange I (Tropaeolin 000 No.1) 

with chemical formula C16H11N2NaO4S (d = 13.9Å) under UV-light 

irradiation. The photocatalytic degradation experiments were performed 

into a Pyrex cylindrical photo-reactor. A low pressure Hg lamp (Philips, 

Netherlands) emitting a wavelength of 185 nm was positioned at the centre 

of the reactor and was used for photoreaction under UV light. In each 

experiment, the reaction suspension was prepared by adding 0.40 g of 

catalyst powder into 75mL Orange I solution with a initial concentration of 

80 mg/L and pH=3. The suspension was magnetically stirred in the dark for 

30 min to reach adsorption-desorption equilibrium at constant temperature 

prior to irradiation, and then the solution was irradiated at differrent time. 

For comparison purposes, the photoreaction under visible light irradiation 

was performed using a 400W high pressure sodium lamp (APF, IP65, Italy) 

with main emission in the range of 400-800 nm, for the ZnFe0.50Cr1.50O4 

sample only, using the same protocol described before. 

III.3.3. Use of the catalyst ZnFe0,50Cr1,50O4 in removal process of the 

Orange I dye  

Figure 51(a-b) shows the changes of the optical densities of 475 

nm (–N = N–), 330 nm, 290 nm (naphthalene ring) and 240 nm (benzene 

ring) bands of orange I at different illumination time under UV light and 
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visible light in the presence of ZnFe0.50Cr1.50O4 powder. The 

photodegradation rate of Orange I over ZnFe0.50Cr1.50O4 nanoparticles 

increases rapidly with increasing UV irradiation time, and reaches 92,80% 

in 45 min. Nevertheless, the decolorization rate under visible light is two 

times lower, ie 49% in 45 min.  

 

 

Figure 51(a-b). The change of absorbtion spectra of Orange I in presence of 

ZnFe0.50Cr1.50O4 under UV/visible irradiation 

 

 

Figure 52(a- b). The degradation rate of Orange I over ZnFe0.50Cr1.50O4 under 

UV/visible irradiation 

 The degradation kinetics of Orange I on ZnFe0.50Cr1.50O4 catalyst 

under UV light and visible light could be analyzed by the first order kinetic 

model (figure 52(a-b)). 
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The best photocatalytic performance was achieved after 45 min of 

UV light iradiation, with first order kinetic rate constant k of 5.85 · 10
-2

  

min
-1

. Under visible light, the first order kinetic rate constants k  was about 

4 times lower, ie k = 1.54· 10
-2

 min
-1

. ZnFe0.50Cr1.50O4 catalyst shows a 

performance twice higher than TiO2, but comparable with those of RE
3+

 

(Sm
3+

, Nd
3+

, Pr
3+

) doping in TiO2 for Orange I dye degradation under UV 

light [135].  

III.3.4. Conclusions 

The photocatalytic process was promoted when Fe
3+

 cations were 

subtituted with Cr
3+

 cations. Therefore, the dye removal efficiency was 

enhanced up to 92.8% for x = 1.50 showing that ZnFe0.50Cr1.50O4 material 

contains chromium optimal dosage for photocatalytic degradation of Orange 

I. The decolorization rate under visible light is two times lower that afforted 

under UV light. 

General conclusions  

 The study of both soft magnetic materials and dielectric materials 

is important because of the large number of applications in which they find 

useful. As I presented in the introduction, the literature contains numerous 

studies on these materials, aiming to obtain new materials with some 

practical features. 

 In Part I of this thesis have been approached theoretical aspects 

regarding oxide materials with spinel structure. Have been described ideal 

spinel structure, possible types of structures and the relationship between 

the structure and the magnetic/electrical properties by incorporating a 

trivalent cation in octahedral sublattice of zinc ferrite. 
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  In this study, the sol-gel auto-combustion was used for the first 

time for the preparation of Cr, Al, and Cr-Al substituted zinc ferrite and La 

substituted zinc chromite. It has proved economic and effective. 

  We managed to reduce the costs of high purity spinel oxide 

preparation by using a deficiency of combustion agent. 

 The purity of phases obtained was confirmed by IR spectroscopy, 

X-ray diffraction, Mössbauer spectroscopy and scanning electron 

microscopy. 

 XRD analysis confirmed the formation of spinel structure for all 

powders prepared showing a lattice constant decreasing trend with 

increasing substitution, which is due to the majority occupancy of 

octahedral positions in the spinel lattice. This variation is consistent with the 

proposed cation distribution in accordance with X-ray diffraction data. It 

was determined that B-B interactions increase while A-B and A-A 

interactions decrease with co-substitution and substitution of Cr
3+

 and Al
3+

 

ions in the system. 

 The incorporation of lanthanum cations in zinc chromite lattice by 

complete substitution of Cr
3+

 with La
3+

 has proven extremely difficult. 

Therefore, the substitution of large amounts of lanthanum (x = 0.25, 0.50, 

1.00, 1.50 and 2.00) did not lead to the formation of spinel-type ferrite, but 

particularly surprising, were obtained double perovskite oxides for 

compositions in lanthanum x = 0.25 and 0.50, and mixtures of phases such 

as oxides of lanthanum (ZnLaO2 and La2O3) for x = 1.0 and perovskite-type 

phases for compositions with x = 1.50 and 2.0. 

 SEM micrographs showed that the particle size decreases with 

increasing substitution degree in all the series of spinels prepared, due to the 

decrease in B-B octahedral bond, resulting in particles less than 100 nm. 
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 Mössbauer spectra, recorded for zinc ferrite substituted with 

aluminum and co-substituted with Cr-Al, exhibit a central doublet which 

has been attributed to Fe
3+

 located in the octahedral sites of structure, which 

do not participate in the long-range magnetic ordering due to a large number 

of nonmagnetic nearest neighbors. During the preparation, it was obtained 

an unstable hematite phase on surface, or the segregation of  

α-Fe2O3 suggests the existence of a nanocrystalline phase, ZnO (undetected 

in XRD), that will react with hematite to form zinc ferrite at increasing 

temperature. 

 In case of Cr-Al co-substituted zinc ferrite, the sample with  

x = 0.50, indicates a segregation of hematite by 72%. The remaining 

samples indicate complete transformation of hematite, α-Fe2O3, in the 

paramagnetic state of iron, i.e. ZnFe2O4 or ZnFe2-2xCrxAlxO4, indicating that 

pure compounds were obtained. 

 The relationship between the synthesis, the structure features and 

the magnetic and electric properties have been established. 

 Therefore, the magnetization and coercitive field were found to 

decrease linearly with increasing Cr, Al and Cr-Al content, which has been 

explained by effective magnetic interaction (A-O-A, A-O-B and B-O-B). 

The lowest values of remanent magnetization Mr indicate that these 

materials can be used to manufacture cores and coils with low inductance.  

 It is clear, also, the influence of the introduction of diamagnetic 

lanthanum ions on the magnetic properties of zinc chromite. It has been 

observed decrease in magnetization with increasing the content of 

lanthanum in the lattice both the at 300 K as well as 2K. A very interesting 

observation is that the saturation magnetization increases with decreasing 

temperature from 300K to 2K. 
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 Introduction of trivalent cations in zinc ferrite caused a number of 

changes in the spinel lattice, which have helped improve the dielectric 

properties. All the materials tested showed a normal dielectric behavior, in 

the sense that the permittivity and dielectric losses of zinc ferrite substituted 

with trivalent cation decreased by increasing the frequency of the AC field 

applied. This behavior can be explained by the conduction mechanism, 

which is due to electron transfer Fe
3+

↔Fe
2+

 between cations of different 

valence from the positions B. For high frequencies the dielectric loss values 

are very low, ranging between 0.02-0.04 for ZnFe2-xCrxO4 and  

ZnFe2-xAlxO4 systems and respectively, 0.03 to 0.08 for ZnFe2-2xCrxAlxO4 

system. These features are very important for the possible manufacture of 

electronic devices that could be operated successfully in broad frequency 

range. 

 The introduction of Cr 
3+

 and Al
3+

 cations in the ZnFe2O4 spinel 

matrix, in the studied proportions, was able to promote the 

photodecomposition process of Orange I dye. 

 The photocatalytic activity of pure spinel phase ZnFe2-xCrxO4 

powders indicate the best dye removal efficiency for x = 1.50 sample, i.e. 

≈92,80%. The decolorization rate under visible light is two times lower that 

afforted under UV light. Hence, nanoparticles of ZnFe0.50Cr1.50O4 can act as 

photocatalyst of the degradation of azo dyes in an aqueous solution. 

 The photocatalytic activity of pure spinel phase ZnFe2-xAlxO4  was 

successfully employed, for the first time, on Orange I degradation under 

UV/visible light. The best photocatalytic performance, ie 65,53 %, was 

obtained for x=1,0 sample. ZnFeAlO4 achieved the best photocatalytic 

performance after 45 min of UV light iradiation, with k of 2,37 · 10
-2

 min
-1

, 
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which was 2.73 times as great as that over ZnFe2O4 nanoparticles  

( k = 1.0 ·10
-2 

min
-1

).   

 ZnFe1,75Cr0,125Al0,125O4 catalyst showed the best photocatalytic 

performance after 45 min of UV light iradiation, with k of 2,3 · 10
-2

 min
-1

, 

which was 2.3 times as great as that over ZnFe2O4 nanoparticles  

( k = 1.0 ·10
-2 

min
-1

).    

  I believe that the results presented in this thesis represents the 

starting point in solving other problems that may occur in practice. Soft 

magnetic materials produced can replace the ferrite cores used in the 

production of inductive components. The inductive components can be 

designed lighter, smaller, cheaper and more durable, leading to increasing 

performance of devices which can operate at very high frequencies. 
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