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Abstract: The electrophoretic compounds were prepared with the chemical formula (x) Ni0.4Cu0.2Zn0.4 Fe2o4 + (1-x) BaTiO3, 

and with weight ratios (x = 0.15,0.30,0.45), by the solid-state method interactions. The prepared samples were annealed at 

(9500℃) for a period of (4hr). After that, physical examinations were made to it, as well as studying the structural properties 

of lattice constants (a, c), grain size (DP), density of both types, apparent density (a) and density in terms of x-ray diffraction 

(x-rayρ), where it was found that it increases with increasing fear phase focus. While the porosity decreases. A scanning electron 

microscope (SEM) was used to calculate the granular size (Dnn) and study its homogeneity and its role in improving the physical 

and magnetic properties. EDAX technology has also been used to confirm component ingredients and weight ratios. The 

residual magnet (Mr) for all samples was calculated according to (VSM) technique. 

 

 

1. Introduction 

    

  The great industrial development that the world is witnessing in all fields is the reason behind the engineers 

and physicists seeking to make various alternatives to widely used materials in the industry as these alternatives 

have distinctive specifications and high quality in terms of light weight and mechanical properties, which makes 

them used in various electronic applications represented by central memory units. And wired, wireless and other 

devices, and therefore, materials composite) have been used to provide a mixture of properties that cannot be 

obtained from the constituent materials [1], and composite materials are defined as the result of mixing two or 

more specific materials to obtain new materials with distinct physical and mechanical properties that differ from 

The properties of its constituent materials, and that its properties depend on the properties of its components, and 

the composite material is composed of the matrix, which is either ceramic, metallic, or polymeric, and the material 

reinforcement, which improves or increases the strength and stiffness of the base material[2]. 

 

The composite materials are characterized by the following [3] 

1- Easy to form complex shapes with large sizes and dimensions. 

2- Its durability is much greater than that of traditional materials. 

3- Great resistance against the spread of cracks that occur as a result of vibrations, and thus are excellent as 

rotational axes. 

4- It has high thermal resistance. 

5- Significant light weight without affecting durability properties. 

 

Powder technology has occupied an advanced position in materials science to obtain composite materials, as it 

allows the use of a wide range of materials such as materials with low melting points and materials with high 

melting points, as this technology is one of the most important methods used in the fields of industrial production, 

as well as It provides an acceptable service performance and reduces the economic cost of manufactured parts. [4] 

 

Practical Part 

 

The research includes the manufacture of ferrite and ferroelectric biphasic compounds with the formula (x) 

Ni0.4Cu0.2Zn0.4 Fe2O4 + (1-x) BaTiO3 and named N0, N1, N2, N3, N4 using solid state reactions and studying the 

structural properties, surface topography and magnetic properties of HL in terms of techniques. XRD, SEM, VSM. 

 

1-2 Preparing Samples 

 

The solid-state reaction method was used in preparing samples in three stepsThe method of preparing the ferrite 

phase whose chemical formula is (Ni0.4Cu0.2Zn0.4Fe2o4), where materials with high purity of not less than 99% 
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were used, which are nickel oxide (NiO, copper oxide), zinc oxide (ZnO) and iron oxide (Fe2O3). The weight ratios 

of the models with a digital scale, by determining the weights depending on the atomic weight of each element, 

after taking the weight of the required raw materials, they are mixed well with the mediation of (Mortar) and a 

pestle of agate to be well ground for 3 hr to obtain a homogeneous mixture, then the homogeneous mixture is 

heated after putting it in Casserole bouquet to 700 ° C for 6hr in an electric oven, after taking it out of the oven, 

pre-heat again and well for 1hr. After that, sieves with a radius of (0.075µm) were used to obtain fine granules, 

then the bonding material (PVA) was added at a ratio of (2-3) drop, so that the mixture would hold together during 

the removal process from the mold, then the samples were compressed under pressure (5 Ton). Finally, the pressed 

tablets are heated to a temperature of (1000℃ for a period of (6hr), and then the samples are gradually cooled until 

they reach room temperature, in order to obtain the integrated ferrite phase. ), Using high-purity raw materials, 

which are barium oxide (BaO) and titanium oxide (TiO2), and with specific weight ratios, and it was heated at a 

temperature of 7000C for 12hr to obtain a homogeneous compound. (5Ton), and the pressed tablets are heated to 

a temperature of (900℃) for a period of (4hr) to obtain an integrated ferroelectric phase. 

        

Or for obtaining the double phases of ferrite - ferroelectric with the chemical formula (Ni0.4 Cu0.2 Zn0.4 Fe2O4 

+ BaTiO3), with different weight ratios for the ferrite phase (X = 0.15,0.30,0.45) and the corresponding 

ferrocelectric compound (X = 0.85, 0.30,0.45), it was manufactured after completing the ferrite and ferrite 

preparation stages previously mentioned, as weight ratios were taken from the ferrite compound with weight ratios 

from the ferrocelectric compound, and these proportions were mixed and milled for (2 hr) to obtain a homogeneous 

mixture. After that, (2-3) PVA binders are added and the powder is pressed into a mold of 1cm diameter. After 

that, they were finally annealed at a temperature of 950 C for a period of (4 hr) so that these prepared samples were 

ready for study of their structural and magnetic properties. 

 

2  Scientific Measurements 

 

2-2-1 X-ray diffraction (XRD) 

The technique of X-ray diffraction (XRD) is used to study the structural properties of the prepared samples, 

with respect to the ferrite phase of a cubic crystal structure where the interval distance (d), the lattice constant (a) 

and the Miller coefficients (hkl) corresponding to each plane in the sample are related to the following 

mathematical equation [5]. 

 
As for the ferrocelectric phase of the quadruple crystal structure, where the lattice constants (a and c) are 

calculated through the following mathematical relationship. [6]

 
The crystal size (Dnn) for all samples was also calculated using the (Debye - Sherrer Equation) [7]. 

 
Where is: 

K: The formal constant and its value  (0.9 ) 

λ :  Wavelength and its value (1.54060A) 

ϴ: Brak's angle, after multiplying it by (
𝜋

180
), converted from (Degree to (Radian) 

β  :The width of the top is at the midpoint of the intensity ( FWHM) 

As for the density in terms of X-ray diffraction of the frite compounds, it is calculated through the following 

mathematical relationship [8] 

 
Whereas: 

M: Molecular Weight in (gm), N: Avocadro 6.023X1023mol-1 number 
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For ferrocelectric compounds with a quadrangular structure, the X-ray intensity is calculated according to the 

following mathematical relationship. [9]. 

 
For the ferrite-ferrocelectric compounds, the X-ray intensity is calculated according to the following 

mathematical relationship [10]. 

 
M1 = (y) (Molecular Weight of Frite) 

M2 = (1-y) (Molecular Weight of Ferroelectric) 

 
y =Weight ratio (0.15, 0.30 and0.45). 

As for measuring the physical density of all samples, it was done using the following mathematical relationship. 

[11] 

 
Knowing the values of the X-ray intensity and the apparent density, the porosity of the samples was calculated 

using the following mathematical relationship. [12] 

 
Whereas:  

𝜌
𝑥
 : density in terms of X-ray diffraction  

𝜌
𝑎
 : : bulk density 

 

3.Results and Discussion 

 

3.1 X-ray diffraction (XRD) 

Figure (1) represents the X-ray diffraction pattern for the double ferrite-ferrocelectricphases, with the weight 

ratios of the ferrite phase (0.0,0.15,0.30,0.45,1) and the equivalent for the ferrocelectric phase 

(1,0.85,0.70,0.55,0.0) and named (N0, N1, N2 , N3, N4) respectively. As it was found from the previous figures 

that the greatest intensity of X-ray absorption of the ferrite phase and the ferrocelectric phase were at the crystalline 

levels (311) and (110), respectively, while figures N1, N2 and N3 indicate that the intensity of the ferrite phase 

increased with its concentration in biphasic. As for table (1), it shows the results of the lattice constants, the density 

of its two types, and the porosity of the compounds, as there was a slight change in the lattice constants of the 

samples when compared with the lattice constants in the ferrite and ferroelectric phases separately. While the lattice 

constant in the ferrocelectric phase continues to decrease in the ferroelectric phase (BTO), as for the (c/a) ratio 

decreased in the BTO phase, it indicates that the crystal structure is frequent in the compound, and also the intensity 
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of x-rays and the apparent density have decreased for these compounds While the porosity increased if compared 

with the ferrite and ferroelectric compounds separately [13] 

 
.3x) BaTiO-+ (1 4O2Fe 0.4Zn0.2Cu0.4ray diffraction patterns of (x) Ni-Figure (1) X 

 

 

 

Table (1): The lattice constant and density in terms of X-ray diffraction (ρX), physical density (a) and 

porosity for N0, N1, N2, N3, N4 samples, respectively. 

 

Lattice parameters of the phases Compo

sition (x) 

Mole% Ferroelectric 
Ferri

te 

P

% 

Pa 
3g/cm 

Px 
3g/cm 

C.S 

(nm) 

c/a c(Å) a(Å

) 

a(Å) Sample 

3x)BaTiO-+(14o2Fe 0.4Zn0.2Cu0.4(x)Ni 

48.

30 

3.1089 6.013

9 

36.8 1.01

51 

4.048

5 

3.98

81 

-------

- 
0N 
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46.

70 

2.9137 5.466

91 

23.117 0.99

78 

3.991

2 

4.00

00 

8.364

9 
1N 

45.

13 

3.0318 5.450

63 

25.553 0.97

49 

3.899

8 

4.00

00 

8.381

1 
2N 

44.

79 

3.0208 5.441

82 

26.972 0.99

81 

3.983

6 

3.99

10 

8.381

1 
3N 

37.

50 

3.3558 5.369

2 

39.5 -----

- 

----- ----- 8.381

9 
4N 

 

Table (2): Miller coefficients (hkl) and the interlayer distance (d) that were obtained through the results 

of X-ray diffraction and interlayer distance technology in the ASTM card for samples with (Standard Card 

29-230-0296). 

 

2-3 Scanning Electron Microscopy (SEM) 

Figure (2) states an image of samples N0, N1, N2, N3, N4 using a scanning electronic microscope (SEM) 

technique. The image showed different shapes, including nano wire and semi-spherical shapes. Table (3) shows 

(Å)4dN (Å)3dN (Å)2dN (Å)1dN (Å)0dN Stdd hkl 

---------- 3.9932 3.9866 4.0096 3.9958 4.0029 (100) 

2.5282 2.9428 2.9395 2.9096 ------ 2.9531 (220) 

2.4222 2.8245 2.8254 2.8304 2.8251 2.8299 (110) 

-------- 2.5261 2.5260 2.5484 ----------- 2.5185 (311) 

2.0974 2.4183 2.4154 2.4190 ------- 2.4113 (222) 

----------- 2.30637 2.3060 2.3116 2.3117 2.3110 (111) 

1.7129 2.0979 2.0997 2.0841 ---------- 2.0884 (400) 

----------- 1.9974 1.9956 19999 1.9940 1.9890 (200) 

1.6152 1.7129 1.7049 1.7256 ----------- 1.7049 (422) 

1.4759 1.6292 1.6283 1.6307 1.6322 1.6341 (211) 

-------- 1.6142 1.6154 1.6160 ----------- 1.6074 (511) 

1.3332 1.4806 1.4816 1.4825 ----------- 1.4766 (440) 

---------- 1.4035 1.4158 1.4244 1.4208 1.4151 (220) 

2.5282 1.2846 1.2777 1.2679 ---------- 1.2738 (533) 
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the average grain size of the samples under study as well as making sure of the elementary elements used and their 

proportions in the manufacture of samples in terms of the EDAX technology attached to the SEM device. 

Figure (3) Scanning electronic microscope images (SEM) and (EDAX) for samples N0, N1, N2, N3, N4 

respectively. 

 

Table [3]: shows the results of the grain size of the samples N0, N1, N2, N3, N4 respectively. 

Grain size (nm) Samples 

0.30214 0N 

0.69283 1N 

0.87757 2N 

1.04033 3N 

1.12083 4N 

 

A1 

A2 

A0 

A2 

A3 

A4 
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3-3 Magnetic Hysterics 

 

      Figure (4) Placing VSM of N1, N2, N3, N4 samples respectively at room temperature. It was found from the 

figure that the saturation magnetism (Ms) and the residual magnetism (Mr) increase with the increase in the ferritic 

content and the reason for this is due to the distribution of Kaiton and Neil Model. Where the (zn+2) ion occupies 

the tetrahedral sites (A-site(, while the (Ni+2) ion occupies the (B-site) octahedral sites in Freight's AB2O4 spindle 

structure. And that the (zn+2) ion displaces the (Fe+ 3) ion from the A site to the B site, and the result was an increase 

in the magnetic moment at the B site in the crystal lattice, in addition to an increase in the net magnetic moment 

of the crystal. Also, in all compounds, the values of the magnetization (Ms) and residual magnetism (Mr) decrease 

when increasing the ferroelectric phase content (BTO), which is proportional to the decrease in the ferrite phase 

content of the compound [14]. 

 

 
4, N3N ,2, N1FIG. 4 represents the regurgitation loop for samples N 

 

Table [3] the values of magnetism (Ms) and residual magnetism (Mr) for samples N1, N2, N3, N4 

respectively. 

Mr(emu/g) Ms(emu/g) Samples 

0.4775 5.0226 1N 

0.6353 12.9201 2N 

1.1565 27.2088 3N 

1.2968 77.690 4N 
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