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Abstract 

 Nanostructure copper nickel aluminum ferrite samples (Cu0.5Ni0.5AlxFe2-xO4,   

x=0, 0.1, 0.2, 0.3 and 0.4) have been synthesized by using the citrate precursor technique. Then, 

a PPy/Cu0.5Ni0.5Al0.3Fe1.7O4 composite sample has been prepared by polymerization of 

polypyrrole (PPy) monomer in the presence of Cu0.5Ni0.5Al0.3Fe1.7O4 nanoparticles. The 

characterizing techniques used in the present investigation are X-ray diffraction analysis (XRD), 

scanning electron microscopy (SEM), Fourier transform infrared spectrometry (FTIR) and 

vibrating sample magnetometer (VSM) measurements. The results have revealed the pure 

formation of the desired ferrite nanoparticles. The formation of PPy has been evidenced by 

FTIR. The lattice constant and the theoretical density Dx have been found to decrease by 

increasing the aluminum content, whereas the Debye temperature and the elastic moduli have 

increased. The SEM image of the composite has obviously clarified that the ferrite particles are 

dispersed nearly homogeneously in the polymer matrix. The hysteresis loops of all samples have 

proved that they can be classified as soft magnetic materials. Moreover, the saturation 

magnetization Ms of the ferrite series has been found to decrease with the increase in Al content 

and also has further decreased in the composite as expected.  The coercivity Hc has low values in 

general.  Moreover, its value of the composite is higher compared to that of the pure Cu Ni 

ferrite because the PPy increases the surface anisotropy, whereas it is almost equal to the 

coercivity of the Al containing ferrites, indicating some similarity of introducing Al and PPy to 

the material from the perspective of interruption of the ferrimagnetic order. The low coercivity of 

the samples are required in important devices which depend on soft magnetic materials such as 

switching devices and high frequency transformers. 
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1. Introduction 

The use of polymer nanocomposite materials has been increased in technological 

applications because of the possibility of forming new materials with a wide variety of 

characteristics [1, 2]. These nanocomposites are expected to have combined properties that the 

individual constituents may not provide each alone [3]. They may find important fields of use 

such as in electromagnetic interference shielding, and electronic devices. Particularly, nano-

particle ferrite/polymer composites are promising materials too in those mentioned above 

applications and also in other significant applications such as chemical and electrical energy 

storage devices and different types of sensors [4]. However, spinel ferrites are a huge category of 

ferrimagnetic materials that possess high resistivity, low-level eddy current losses, good 

magnetization, and an excellent chemical stability [5-7]. Ferrites in both bulk and nano forms 

have been widely researched for their useful applications beginning from transformer cores to 

permanent magnets and magnetic recording [8-10]. The unit cell of spinel ferrite is formed of 32 

oxygen anions in cubic arrangement with metallic cations distributed in interstitial tetrahedral A-

sites and octahedral B-sites. Various properties of spinel ferrite nanocrystals are influenced by 

cation types and their distribution [11]. NiFe2O4 is known to be an inverse spinel ferrite where 

half of the ferric ions fill the tetrahedral (A-site) and the rest of them are introduced in the 

octahedral (B-site) under thermal equilibrium conditions [12-14]. CuFe2O4 also belongs to the 

inverse spinel category [15]. 

The mixed Ni-Cu ferrite possesses electrical and magnetic properties of the two amazing 

ferrites: Cu ferrite which is one of the most interesting ferrites, where it may undergo a structural 

phase transition accompanied by a reduction in the crystal symmetry to tetragonal [16], and Ni 

ferrite which has remarkable electrical and magnetic properties that leaded to many technological 

applications for decades.  

Ferrite nanoparticles can be synthesized by different methods, with a range of crystallite 

sizes between 1 to 100nm. The most used methods are sol-gel, co-precipitation and citrate 

precursor.   

On the other hand, polymers are very appealing materials, as they include a wide scope of 

capacities and applications from insulators to even metals [1]. The polypyrrole (PPy) has been 

known as an environmental friendly polymer with a relative stability and adjustable conductivity. 

The PPy based nano- ferrite composites may offer advantages of light weight and useful 

electromagnetic interference (EMI) suppression properties. Manipulating the dopant levels and 

nanoparticles content has given a wide range of research possibilities [17-20].  Moreover, 

introducing Al ions in the ferrite nano-particles instead of iron ions may participate in the 

formation of lighter products and may enhance low loss applications.  

Therefore, the aim of the present work is to use the citrate precursor technique to prepare 

Cu Ni AlxFe2-xO4 nanoparticles as new compositions – as far as the authors know - to be studied 

and to choose one of the prepared compositions to be incorporated with PPy to prepare a 

composite having combined characteristics promising in electronics and EMI applications.  
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2. Experimental 

2.1 Preparation of Cu0.5Ni0. 5AlxFe2-x O4 nanoparticles: 

Cu0.5Ni0.5AlxFe2-xO4 nano-particles, (x=0, 0.1, 0.2, 0.3, and 0.4) have been synthesized by 

using the citrate precursor auto combustion method [21, 22]. According to this method; the 

proper amounts of metal nitrates were dissolved in distilled water obtaining clear solutions. 

Then, they were mixed and stirred for 1 hr. The citric acid was added drop-wise to the mixture 

solution, with the molar ratio of metal nitrates:  citric acid adjusted at 1:1. Ammonia was added 

until the PH has reached to about 12. The solution was heated under stirring up to 90°C to form a 

highly viscous gel, then evolved reddish brown color gases were observed and a tree-shaped 

structure was formed.  The tree-shaped product collapsed to form ash powder of the desired 

nanoparticle ferrites. 

2.2 Preparation of Polypyrrole:  

  A pure PPy sample has been synthesized by in-situ polymerization of pyrrole monomers 

(using FeCl3.6H2O as an oxidizing agent) [18, 23]. 0.08M pyrrole has been dissolved in 25mm3 

of acetone and stirred for 30 minutes. Then 0.2M ferric chloride was added drop-wise to the 

pyrrole. The reaction was carried out for 3 hours under continuous stirring at room temperature. 

The resulting precipitate has been obtained by filtering and washing the suspension with distilled 

water and finally dried at 80°C for 3 h.  

2.3 Preparation of PPy/Cu0.5Ni0.5Al0.3Fe1.7O4 composite: 

One composite sample PPy/Cu0.5Ni0.5Al0.3Fe1.7O4 has been prepared by in-situ 

polymerization of pyrrole monomers in the presence of Cu0.5Ni0.5Al0.3Fe1.7O4 nanoparticles; 

where 3 g of the ferrite nanoparticles and 0.9M of pyrrole monomers were suspended in 25 mm3 

of acetone solution and stirred for 1 hr to get well dispersed suspension. Then FeCl3·6H2O was 

dissolved in 25mm3 of acetone and this solution was added drop wise to the suspension mixture 

under a constant stirring. The polymerization was allowed to proceed for 2 h at room 

temperature. The composite has been obtained by filtering and washing the suspension with 

distilled water, then dried at 80°C for 3 h. 

3. Characterization 

 The structure and crystallite size of the pure ferrite samples and the composite sample have been 

investigated by X-ray diffraction (XRD) analysis. The average crystallite size (R) have been 

calculated using Scherrer’s formula: [2] 

𝑅 =
0.9λ

cosθβ1/2
                        (1) 
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Where β1/2 is the full width at half maximum of the peak presenting the principle plane (311). By 

using the interplanar distances (d) obtained from Bragg's law; 2dsinθ = nλ; the lattice constant 

(a) of all the ferrite samples have been calculated.  

Also, the porosity (P) of those samples has been calculated by using the equation: 

𝑃 = 1 −
𝐷

𝐷𝑥
                       (2) 

; where (DX) is the X-ray density (theoretical density) of the sample given by the well-known 

relation: [7, 22] 

𝐷𝑥 =
8𝑀

𝑁𝑎3
    (g/cm3)            (3) 

; where (D) is the experimental density of the sample.  

The IR spectra for all samples have been recorded in the range of 200-2000 cm-1 by the 

Fourier-transform infrared spectrometer. 

 Magnetic characterization of the investigated nanoparticles has been performed at room 

temperature by a lab-built vibrating sample magnetometer (VSM) [24] with a maximum 

magnetic field up to 8 kOe.  

The average particle sizes of the samples have been measured using the images of a 

scanning electron microscope (SEM).  

4. Results and discussion 

4.1 XRD analysis 

Fig.1 shows the XRD patterns of the Cu0.5Ni0.5AlxFe2-xO4 (0 ≤ x ≤ 0.4) samples. The 

XRD patterns reveal the characteristic peaks of single-phase cubic spinel with no undesired lines 

corresponding to any other phase. The intensity peaks represent (220), (311), (400), (422), (511), 

(440) and (533) planes respectively.  

The variation of the average crystallite size R (nm) of all samples and the lattice constant 

a (Å) with Al concentration is shown in Fig. 2. It is clear that the  lattice constant decreases by 

increasing aluminum concentration as expected  because of the difference in the ionic radii of 

aluminum and iron ions; where larger Fe3+ (0.645Å) ions have been replaced by smaller 

Al3+(0.55Å) ions; therefore this observed decrease in lattice constant is expected. Similar trend 

had been observed and reported in other aluminum substituted ferrite systems [25, 26]. 

The hopping length is the central separation between neighboring cations. Therefore, the 

substitution of larger cations by smaller ones results in a decrease of the distance between the 

magnetic ions and consequently the hopping lengths decrease. This is what has been observed in 

the investigated samples. The hopping length, L, in the A-sites are labeled (LA-A), and those in 

the B-sites (LB-B) whereas for shared sites, (LA-B). They can be calculated using the following 

relations [27, 28]. 
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𝐿𝐴−𝐴 = 𝑎
√3

4
,  𝐿𝐵−𝐵 = 𝑎

√2

4
   and 𝐿𝐴−𝐵 = 𝑎

√11

8
 

The obtained data are listed in Table1. These results although they are all having the same trend 

of the lattice constant (a), they will be very useful in interpreting the conductivity of the 

investigated materials in a soon future work. 

Table1 The obtained distance between magnetic ions (hopping length) in the A-sites (LA-A), B-sites (LB-

B), and shared sites (LA-B). 

X LA-A (Å) LB-B (Å) LA-B  (Å) 

0 3.624 2.959 3.469 

0.1 3.612 2.949 3.459 

0.2 3.606 2.944 3.453 

0.3 3.601 2.941 3.448 

0.4 3.586 2.926 3.434 

 

The X-ray density Dx of all samples has been determined from the molecular weight and 

the volume of the unit cell by using relation (3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. XRD patterns of : (a) Cu0.5Ni0.5Fe2O4, (b) Cu0.5Ni0.5Al0.1Fe1.9O4, (c) Cu0.5Ni0.5Al0.2Fe1.8O4,  (d) 

Cu0.5Ni0.5Al0.3Fe1.7O4, (e) Cu0.5Ni0.5Al0.4Fe1.6O4. 
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Fig.2. Variation of the lattice constant (a) and average crystallite size (R) against Al content (x) in 

the ferrite samples 

Fig. 3. Shows the variation of the density D, X-ray density Dx and porosity P with 

aluminum concentration.  Dx is found to decrease with increasing aluminum concentration. This 

can be attributed to the reduced molar mass of Al (26.98 gm mol-1) compared with that of Fe 

(55.85 g mol-1) [25]. Also from equation (3), the X-ray density is obviously dependent on the 

lattice parameter and the molecular weight of the samples [12]. 

 

 

Fig.3. Dependence of density D, theoretical density Dx and porosity P on Al content (x) 

in the ferrite samples. 
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4.2 Morphology Investigation: 

 

                                                                                            

        (a)                                                                                               (b) 

Fig.4. SEM Images of (a) Cu0.5Ni0.5Al0.3Fe1.7O4 nano-particles and (b) PPy/Cu0.5Ni0.5Al0.3Fe1.7O4 

composite. 

Figures (4-6: a, b) show the SEM images of the as-prepared Cu0.5Ni0.5Al0.3Fe1.7O4 

nanoparticles and PPy/Cu0.5Ni0.5Al0.3Fe1.7O4 composite A, respectively. The image (4-6a) shows 

that the ferrite nano-particles have a narrow particle size distribution. In image (4-6b), it is also 

seen that the Cu0.5Ni0.5Al0.3Fe1.7O4 particles are dispersed nearly homogeneously in the polymer 

matrix.  The average particle diameter has been estimated by using I image J software and has 

been found in the order of  26 nm which is in fair agreement with the value estimated from the 

XRD data.  

 

(a) 
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(b) 

Fig.5. EDX for (a): Cu0.5Ni0.5Al0.3Fe1.7O4 nanoparticles and (b): PPy/Cu0.5Ni0.5Al0.3Fe1.7O4 composite. 

 

Figures (5-7: a, b) display the EDX analysis of Cu0.5Ni0.5Al0.3Fe1.7O4 and its composite (A) with 

PPy. The concentrations of different elements (Cu, Ni, Al, Fe, O and C) are listed in Tables (2: a, b). These 

concentrations are close to the desired ratio of the constituents of the prepared samples confirming the 

formation of the desired chemical composition. 

 

Table (2a) EDX ratio of the components of  Cu0.5Ni0.5Al0.3Fe1.7O4 nanoparticles. 

Element Weight % Atomic % Net Int. Error %    

O K  21.13 47.83 129.45 7.91 

Al K  3.74 5.03 27.7 12.62 

Fe K  47.35 30.71 243.75 2.89 

Ni K  12.57 7.75 43.38 8.5 

Cu K  15.22 8.68 42.17 8.53 
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Table (2b) EDX ratio of the components of PPy/Cu0.5Ni0.5Al0.3Fe1.7O4 composite. 

Element Weight % Atomic 
% 

Net Int. Error %    

C K  23.79 48.96 23.84 12.25 

O K  14.83 22.91 37.4 11.6 

Al K  2.73 2.5 16.4 14.68 

Fe K  48.98 21.68 161.7 3.35 

Ni K  5.62 2.37 12.9 17.91 

Cu K  4.05 1.58 7.49 24.33 

 

4.3 FTIR analysis 

FTIR spectroscopy can detect the phases existing in a material as well as both chemical and 

structural changes. The room temperature FTIR spectra of the as-prepared Cu0.5Ni0.5AlxFe2-xO4 
nano- ferrites, PPy and PPy /Cu0.5Ni0.5Al0.3Fe1.7O4 composite in the range 200-2000 cm-1 are 

depicted in Fig.6 (a, b) respectively.  

All FTIR spectra reveal the presence of two major absorption bands, usually characterizing 

ferrites, at particular frequencies denoted by ʋ1 and ʋ2 [29]. The band at ʋ1 in the range of 568-

590 cm-1 is due to stretching vibrations of the tetrahedral A-site metal ion-oxygen bonds, and the 

band at ʋ2 in the range of 384-397 cm-1 is attributed to vibrations of the octahedral B-site metal 

ion-oxygen bonds, these vibrations are known to be bond-bending vibrations [30]. The values of 

ʋ1 are higher than those of ʋ2, which show that the ordinary mode of vibration of the tetrahedral 

bonding is higher than that of the octahedral one indicating shorter bond lengths at the A-sites. 
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Fig.6. (a)  FTIR of (a) Cu0.5Ni0.5Fe2O4, (b) Cu0.5Ni0.5Al0.1Fe1.9O4, (c) Cu0.5Ni0.5Al0.2Fe1.8O4,  (d) 

Cu0.5Ni0.5Al0.3Fe1.7O4, (e) Cu0.5Ni0.5Al0.4Fe1.6O4. 

(b) FTIR of (a) pure PPy and (b) PPy/Cu0.5Ni0.5Al0.3Fe1.7O4. 

 

From Table 3, it is observed that there is a slight movement in ʋ1 absorption frequency towards a 

higher frequency accompanying the increase in the Al3+ ion concentration, whereas, such an 

increase is not observed in ʋ2. This may be attributed to the shorter length of bonds at the 

tetrahedral sites is manifesting any change in the length of the bond -and consequently the 

vibration frequency -more than the longer bonds at the octahedral sites. This also refers to the 

difference in ionic radii of Fe3+ (0.645 Å) and Al3+ (0.55 Å) [29].  

As a general definition of the force constant, it is the ratio between the force and the resulting 

deformation but only within elastic limits. The force constant here indicates somehow the origin 

of restricting the distances between nuclei at equilibrium during the vibrations of bonds at 

specific frequencies.  FA and FB denote the force constants of the tetrahedral and octahedral sites, 

respectively. The force constants FA and FB vary with the corresponding bond length and the 

vibrational frequency (ʋ1 and ʋ2) according to:  

FA=4π2c2 ʋ1
2μ,     FB=4π2c2 ʋ2

2μ, 

; where μ is the reduced mass of Fe3+and O2−ions together (μ= 2.061×10-23g) and c is the velocity 

of the electromagnetic wave [30]. Fig. 7 shows the variation of FA and FB with Al concentration. 
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Fig.7. Force constants, FA and FB, at the A- and B-sites, as functions of Al content (x). 

 

Table3. FTIR absorption band values and Force constants, FA and FB, at the A- and B-sites: 

Sample  ʋ1  cm-1 ʋ2  cm-1 FA(N/m) FB(N/m) F=(FA+FB)/2 

0 568 397 236.013 115.298 293.662 

0.1 580 397 246.091 115.298 303.739 

0.2 579 397 245.243 115.298 302.892 

0.3 583 393 248.643 112.986 305.136 

0.4 584 397 249.497 115.298 307.145 

Composite A 590 384 254.650 113.562 311.430 

Composite B  573 393 240.188 112.986 296.679 

 

Fig.6 (b) represents the FTIR spectra of PPy and PPy /Cu0.5Ni0.5Al0.3Fe1.7O4 composite, 

respectively. The characteristic absorption bands of polypyrrole [31] are observed at 896, 1400, 

1471, 1639 and 1724 cm−1 in the figure. These absorption bands and their assignment are listed 

in Table. 3. The IR spectrum absorption peaks of PPy/ferrite composite are almost identical to 

those of PPy. However, ʋ2 in the spectrum of the composite was slightly red shifted. It indicates 

that the bonds between the octahedral site ions and the oxygen ions have been slightly elongated 

due to the incorporation of ferrite particles into PPy. 
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Table 4. FTIR absorption band values and their assignment of PPy and the composite sample (other than 

the band values of ferrites displayed above in Table 3). 

 

Wave number 

(cm-1) 

PPy 

Wave number (cm-1)  

PPy /Cu0.5Ni0.5Al0.3Fe1.7O4 

 

Absorption peak assignment 

896 887 out-of-plane stretching vibration of 

C–H [32] 

1400 1396 C=C stretching ring of PPy [33] 

1471 1473 C-N stretching vibration of PPy 

[33, 30] 

1645 1647 Vibration band of PPy ring [32] 

1724 1726 Anti-symmetrical and symmetrical 

vibration bands of pyrrole ring [34] 
 

 

 

4.4 Elastic properties 

In view of the widely different applications of nano-crystalline ferrites, the investigation of their 

elastic properties is very important because they may predict the performance of materials under 

stress conditions. Also, they give information about the nature of the inter-atomic forces. The 

Debye temperature, ӨD, is a key quantity in Debye theory of heat capacity and it is defined 

as ӨD = ℎʋD𝑘, where h is Planck’s constant; k is Boltzmann constant and ʋD is the maximum 

frequency in the range of frequencies exhibited by the vibrating atoms in a solid [30]. In the case 

of spinel ferrites ӨD of all samples was estimated by using the following relation [37]: ӨD =

λcʋAV = 1.438ʋAV, where ʋAV =
ʋ1+ʋ2

2
 is the average value of wavenumbers for the A-and B-

site and the value of  λc for the ferrite materials was taken as1.438 [35]. The elastic constants and 

Debye temperature of a spinel ferrite system can be deduced using the experimental XRD and IR 

data. The stiffness constants C11 and C12are at first calculated using [35- 37]: 

𝐶11 =
𝐹

𝑎
        and    𝐶12 =

σ𝐶11

1−σ
 

; Where  𝐹 =
𝐹𝐴+𝐹𝐵

2
 and σ is the Poisson's ratio that is a function of porosity (P) [38]: 

σ =0.324(1 − 1.043P). 

Then, in terms of these stiffness constants the elastic moduli can be evaluated [35, 38, 39]: 
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Bulk modulus 𝐵 =
1

3
(𝐶11 + 2𝐶12) 

Young’s modulus 𝐸 =
(𝐶11−𝐶12)(𝐶11+2𝐶12)

(𝐶11+𝐶12)
 

Rigidity modulus 𝐺 =
𝐸

2(σ+1)
 

Moreover, the longitudinal elastic wave velocity VL can be calculated from [30, 40]: 

𝑉𝐿 = √
𝐶11

𝐷𝑋
 

 Whereas the transverse elastic wave velocity VS is given by: 

𝑉𝑆 =
𝑉𝐿

√3
 

The stiffness constants, the elastic moduli, and the values of elastic wave velocities are presented 

in Table 5. 

 

Table5. The stiffness constants: C11, C12, elastic moduli: B, G and E, elastic wave velocities: VL and VS 

and Poisson's ratio (σ) 

x C11(Gpa) C12(Gpa) B(Gpa) E(Gpa) G(Gpa) VL(103m/sec) VS(103m/sec) σ 

0 351 55.774 154.147 335.954 147.559 8.086 4.669 0.1371 

0.1 364 55.072 158.07 349.593 154.497 8.242 4.759 0.1313 

0.2 364 57.582 159.623 347.962 153.06 8.267 4.773 0.1367 

0.3 367 59.797 162.142 350.136 153.556 8.335 4.812 0.1401 

0.4 371 49.277 156.472 359.3 160.791 8.377 4.836 0.1173 

 

 

                                                                                              

136 



W .A. Gabr et al. 

 

Fig.8 The relation between Debye temperature ӨD and the Al content (x). 

Fig. 8 illustrates the relation between ӨD and the concentration of Al. It illustrates that ӨD 

increases with increasing Al content, implying that an increase in rigidity of the samples occurs 

along with the lattice vibrations. Also, according to the specific heat theory, the increase in ӨD 

means indirectly a decrease in the number of conduction electrons, and at the same time it may 

indicate an increase in the contribution of holes to conductivity [36, 41].  

 

4.5 Magnetic Properties  

 
Fig.9 Hysteresis loops of : (a) Cu0.5Ni0.5Fe2O4, (b) Cu0.5Ni0.5Al0.1Fe1.9O4, (c) Cu0.5Ni0.5Al0.2Fe1.8O4,  

(d) Cu0.5Ni0.5Al0.3Fe1.7O4, (e) Cu0.5Ni0.5Al0.4Fe1.6O4 and 

(f) Cu0.5Ni0.5Al0.3Fe1.7O4/PPy. 
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The magnetic properties of the as papered Cu0.5Ni0.5AlxFe2-xO4 nanoparticles and the composite 

sample Cu0.5Ni0.5Al0.3Fe1.7O4 /PPy have been examined using the vibrating sample magnetometer 

(VSM) at room temperature. Fig.9 shows all the hysteresis loops of the samples. The samples 

exhibit very narrow hysteresis curves, so that they can be classified as soft magnetic materials. 

The coercivity (Hc), saturation magnetization (Ms) and remanent magnetization (Mr) for all 

samples are listed in Table 6. The observed changes in the values of Ms, Hc and Mr with 

increasing of Al concentrations can be explained according to the expected changes in exchange 

interaction between the ions at tetrahedral (A) and octahedral (B) sites in ferrites upon the 

variation in chemical composition [42]. The saturation magnetization decreases with the increase 

in Al content (x), which is quite reasonable due to the substitution of magnetic Fe3+ ions (5μB) by 

nonmagnetic Al3+ ions (0 μB). Also, it can be seen from Table 5 that the coercivity increases 

slightly upon introducing Al, following an almost similar behavior reported in literature [26]. 

It is also noticed that the saturation magnetization in the composite sample is further 

lowered than those of pure ferrites; this is due to the introduction of the nonmagnetic PPy part 

into the sample under investigation; where PPy may separate the magnetic particles apart, 

disrupting the magnetic order. It is also noticed that the coercivity (Hc) value of the composite is 

higher compared to that of the pure Cu Ni ferrite because the PPy increases the surface 

anisotropy of the composite, whereas it is almost equal to the coercivity of the Al containing 

ferrites, indicating some similarity of introducing Al and PPy from the perspective of 

interruption of the magnetic order. In spite of increasing Hc with increasing both Al3+ ion content and 

PPy, its value is still low enough for application. since the low coercivity of the samples is required in 

important devices and applications which depend on soft magnetic materials such as switching devices 

and high frequency transformers [14]. 

Table 6 The values of saturation magnetization (Ms), remanent magnetization (Mr), coercivity 

(Hc), and Squareness: 

Sample Ms (emu/g) Mr (emu/g) Hc (G) Squareness 

(Mr/Ms) 

Cu0.5Ni0.5Fe2-xO4 43.228 9.5 120 0.220 

Cu0.5Ni0.5Al0.1Fe1.9O4 33.396 8.5 140 0.255 

Cu0.5Ni0.5Al0.2Fe1.8O4 23.695 6.5 140 0.274 

Cu0.5Ni0.5Al0.3Fe1.7O4 23.695 6.5 140 0.274 

Cu0.5Ni0.5Al0.4Fe1.6O4 20.216 4.45 101 0.220 

Cu0.5Ni0.5Al0.3Fe1.7O4/ 

PPy 

6.260 1.2 140 0.192 

 

 

 

 

                                                                                              

138 



W .A. Gabr et al. 

5. Conclusions 

Citrate precursor technique could provide small sized nanoparticles of Cu0.5Ni0.5AlxFe2-xO4 

with various compositions. The formation of spinel ferrites without unwanted phases was 

confirmed by X-ray diffraction analysis. The IR spectra confirmed the formation of both ferrites 

and PPy. The study of increase of the Al content (x) in the Cu Ni ferrite shows that the lattice 

constant and theoretical density decrease due to the difference in ionic radii and molar mass of 

both aluminum ions and iron ions respectively. PPy/Cu0.5Ni0.5Al0.3Fe1.7O4 composite sample 

could be successfully synthesized by the use of in situ chemical polymerization method. The 

SEM images confirm the nanoscale diameter of Cu0.5Ni0.5Al0.3Fe1.7 O4 particles in both 

ferrite and composite. The substitution of Fe3+ ions by Al3+ ions in the samples has decreased 

the saturation magnetization, in agreement with literature. The coercivity of the ferrite containing 

Al and the composite are almost equal, indicating some similarity of the effect of introducing Al 

and PPy to the Cu Ni ferrite from the perspective of interruption of ferrimagnetic order. Due to 

the low coercivity of the samples, these materials may be good candidates for important devices 

and applications which depend on soft magnetic materials such as switching devices and high 

frequency transformers. 
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