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ABSTRACT 

 

 

Nanocrystalline cobalt ferrite (CoFe2O4) thin films have been prepared using electrodeposition-
anodization process. The aim of this research was to study the electrodeposited of CoFe2 alloy from 
aqueous sulphate bath on different substrates like [platinum(Pt),stainless steel(SS), and copper(Cu)]. 
CoFe2 alloy was electrodeposited from aqueous sulphate on different substrates, e.g. platinum (Pt), 
stainless steel (SS), and copper (Cu). The prepared alloy was electrochemically anodized in 1 M KOH 
solution at room temperature to the analogous hydroxide. Therefore, bath temperature, agitation and 
current density parameters were investigated for the fabricated CoFe2 alloy. Moreover, the maximum 
current efficiency of 98 % was obtained on Pt substrate at cathodic current density of 100 mA/cm2 for 
electrodeposited CoFe2O4 films. The crystal structure, crystallite size, microstructure and magnetic 
properties for ferrite films were characterized using scanning electron microscopy (SEM), X-ray 
diffraction (XRD) and vibrating sample magnetometer (VSM). Increasing the annealing 
temperature up to 8000C is directly proportional to saturation magnetization of CoFe2O4 films 
for Pt (64.33 emu/g), SS (54.7 emu/g), and Cu (54.5 emu/g) substrates. 
KEYWORDS: Electrodeposition, CoFe2O4, Current efficiency, Current density, Saturation 
magnetization. 

 

1. INTRODUCTION 

 
  Pure and substituted ferrites are widely used in modern technologies including catalysis, 
environment and renewable energy resources owing to their excellent magnetic, semiconducting and 
sorption properties [1]. Polycrystalline ferrites doped with divalent metal ions (M2+ = Mg, Mn, Zn, Ni, Co, 
Cu, Cd and/or Fe) have the general formula MFe2O4. Cobalt doped ferrites could be synthesized by 
reacting the selected transition metal oxides (MO) with Fe2O3 in which the cation distribution is described 
by (Fe1-xCox)A(Fe1-xCo1-x)BO4, a general formula where A and B denote tetrahedral and octahedral sites, 
respectively [2,3] compared to an almost inverse cation distribution (x ~ 0) in case of CoFe2O4; in which 
Co2+ ions reside B sites and Fe3+ ions is equally distributed among A and B sites [4. 5]. 
    Pulsed laser deposition, [6-9], dip coating [10], sputtering [11], laser ablation [12], vacuum 
arc evaporation [13], spin coating [14-15] and the sol-gel methods [16] were used to fabricate metal 
oxides spinel. To obtain crystallization, these techniques involve heating the substrate for several 
hundred degrees Celsius in which the substrate possess heat resistance and thermal expansion 
coefficient to high extent to avoid degradation of the deposited materials. On the other hand, irregular 
film dimensions are mostly produced in addition by products, e.g., to toxic gases [17]. To eliminate the 
aforementioned problems, electrochemical deposition gain more attention owing to the low cost 
electrochemical growth of nanocrystalline oxide films and its wide-ranging applications [18,19]. 
Moreover, it is simple, smooth, non-vacuum technique suitable for preparing electrodes [20-22], it 
controls the film composition and morphology. 
    The structure of CoFe2O4 ferrimagnetic nanoparticles cubic spinel represents a class of soft and large 
magneto crystalline anisotropic materials and reasonable magnetization. They can serve for high-
density magnetic recording media, magnetic resonance imaging (MRI), ferro fluids, [23-25], gas 
sensing, Li ion batteries, bio-processing and catalytic applications [26-29]. Additionally, cobalt ferrites 
have been used for lead (II) ion extraction [30] and detection of toxic arsenic in aqueous solution [32], 
anticorrosive nanoparticles [31]. The properties of CoFe2O4 depends on particle size, shape, degree of 
crystallinity and phase purity [4]. 
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 The goal of this work is to prepare CoFe2O4 thin films using aqueous electrochemical deposition 
method. The electrochemical properties were tested using galvanostatic and cyclic voltammetry 
techniques. The crystalline- micro- structure, particle size, and magnetic properties of the produced 
ferrites films were also probed by scanning electron microscope (SEM), X-ray diffraction (XRD), and 
vibrating sample magnetometer (VSM) techniques. 
 
2. Experimental 

 
2.1. Film Synthesis 

       Analytical grade ammonium ferrous sulphate hexa hydrate (Fe (NH4)2 (SO4)2.6 H2O), cobalt 

sulphate hepta hydrate (CoSO4·7 H2O) and potassium hydroxide (KOH) were used as starting 
materials. Electrodepositing experiments were accomplished using freshly prepared solutions. The 
electrolyte was kept unstirred. The pH value of the solution was justified at 3.5 using 0.5 M H3BO3. 
Some organic additives, including0.2M saccharin, was used as a brightening agent. Even the presence 
of saccharin was helpful to achieving the preferred orientations of the CoFe2 alloy deposition [33] 
 
2.2. The electrolytic cell 

       A standard three-electrode cell was used for electrodeposition and anodization of CoFe2O4 films. 

(Pt, SS, and Cu substrates) with (1 cm
2
) area were used as working electrodes. Platinum (1cm

2
area) 

and silver/silver chloride saturated in KCl (Ag/AgCl/sat KCl) E0 = 0.200 mV vs. standard hydrogen 
electrode (SHE) were used as auxiliary and reference electrodes, respectively. The distance between 
working and auxiliary electrodes was kept constant (1cm) whereas a galvanostatic mode was used to 
deposit CoFe2 alloy. The samples preparation conditions are listed in Table 1.  
 

Table1 Galvanostatic parameters for the synthesis of CoFe2 alloy from sulphate bath. 

Item Conditions 

Bath composition 10mL0.05MCoSO4+10mL0.1 M Fe (NH4)2 (SO4)2 

Cathodic Current density (mA/cm
2

) 
100 

Deposition time (Sec)                                         300 

Bath temperature (C )                                           25 

Substrate                                                               Pt, SS and Cu 

 
The next step is anodization of deposited film (cobalt iron alloy) in 1 MKOH where the film 

and Pt- electrode act as an anode and cathode, respectively. Then, the resultant film was washed 
thoroughly with distilled water and dehydrated in a desiccator under vacuum for at least 2 hrs.  

The anodization current density and time were adjusted to get well-adhered oxide films to the 
substrates electrodeposition synthesis parameters was carried out at room temperature (25oC ) according 
to the conditions summarized in Table2. 
 

Table 2: Galvanostatic Conditions of the anodization process for  

the synthesis of cobalt ferrite thin film. 
Item Conditions 

Electrolyte 1.0 M KOH 

Anodic Current density (mA/cm2) 10 

Intercalation time (Sec) 30 
Electrolyte temperature 25oC 

 
After anodization, the films were washed with distilled water and annealed after drying. The 

annealing process was implemented in air at 400 °C, 600 °C, 700 °C and 800 °C for 2 hrs. 
 

    2.3. Volta metric studies:  

Cyclic voltammograms, chronopotentiometeric and galvanostatic studies were performed with 
a PC-controlled potentiostat (Volta- lab 21). PGP201 potentiostate, Galvanosatate 20 V, 1 A with 
general generator using the previously mentioned three electrode cell. 

 
2.4. Film Characterization 

Aided by polarization curves, the deposition potentials were estimated. Cyclic 
voltammograms were performed with a PC-controlled PGP 201 potentiostate (Volta-lab 21), 
Galvanosatate 20V, 1A with general generator. Electrodeposition was identified 
Galvanostatically employing constant currents, from -50 to -130 mA cm-2 enhanced to get 
CoFe2 alloy films with maximum thickness. In which the applied current is divided by 
macroscopic surface area of the deposit to determine the apparent current densities.  
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     The crystalline phases of the annealed ferrite samples were examined using XRD patterns 
recorded on a Brucker diffractometer (axis D8) using the Co-Kα (λ = 1.5406 Å) radiation in the range, 
2θ from 20° to 80°. The ferrite particle morphologies were examined by SEM recorded on JEOL, model 
JSM-5410 and magnetic properties were studied by VSM (Lake shore 7410). 
 

3. RESULTS AND DISCUSSION 

 
3.1. Cyclic Voltammetry. 

        Fig. 1(A,B) displayed cyclic voltammograms (CVs) of 0.05M of CoSO4, and Co-Fe2 alloy, 
respectively, from aqueous sulfate bath on different substrates. Voltammetric studies were carried out 
from 0 to −4 V using a scan rate of 10 mVs−1. The CV of 0.05 M of CoSO4 which deposited on (Pt, SS 
and Cu)   is characterized by one cathodic peak (C) at negative potentials (-1.84 V, -1.77 V and -1.643 
V) respectively. This cathodic peak is linked with the deposition of Co+2 ions to cobalt metal. 
Conversely, scanning in the positive direction at potential - 4 V, an anodic peak was obviously showed 
around -0.91V for deposited film on Pt substrate, -0.767 V for stainless steel and copper substrate.  The 
anodic peak related to the dissolution of Co metal into its ions as ascribed in equation (1) [34] 
 

Co+2 + 2e- ↔ Co                                                             (1) 
 
 

A B 
 

 

 

Fig.1. Cyclic Voltammograms (CVs) of aqueous solutions of: (A- 0.05M CoSO4 and 

B- CoFe2 alloy) obtained on different substrates. 

 
 
 

3.2. LSV for electrodeposition of CoFe2 alloy 

 

3.2.1. Effect of agitation 
       Fig.2A demonstrates the LSV for electrodeposition of CoFe2 alloy on Pt substrate. Agitating the 
solution shifted the solution cathodic current density from -220 to -120 mAcm-2. The solution agitation 
rate is inversely proportional to the thickness of the adjacent cathodic layer, which in turn shortens the 
diffusion path of the deposited metals [35, 36]. Fig.2B reveals the LSV for electrodeposition of CoFe2 

alloy on SS substrate. Agitating the solution switched the solution cathodic current density from -175 to 
-220 mAcm-2 [37]. Fig.2C exhibits the LSV for electrodeposition of CoFe2 alloy on Cu substrate. 
Agitating the solution changed the solution cathodic current density from -160 to -280mAcm-2 [38]. 
Generally, the results show that the deposition current increases with increasing solution agitation but 
this has opposite effect on the adherence of the deposited film. 
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Fig. 2. Linear Sweep Voltametric curves for CoFe2 alloy deposited on (A-Pt, B-SS, 

and C- Cu) substrates, SR (10 mV/s), 1 cycle, at different agitation.                                 

 
 
3.2.2. Effect of bath temperature. 

     Fig.3 illuminates the LSV for electrodeposition of CoFe2 alloy on (Pt, S.S. and Cu) substrates. 
Raising bath temperature from 35 to 50 C was consequently materialized a reduction in CoFe2 
deposition potential from E = -2.108 V, (peak C1) to E = -1.926 V, (peak C2). Certainly, rising bath 
temperature from 50 to 70 C was lead to a lack in CoFe2 deposition potential from E =-1.926 V to -
1.843. While increasing the bath temperature from 35 to 50 C during using StSt as working electrode, 
the deposition potential for CoFe2 alloy was decreased from -2.41 to -2.322 V.  
Moreover, raising bath temperature from 50 to 70 oC was lead to a lack in CoFe2 alloy deposition 
potential from E=-2.322 to -2.23 V. Also, in all cases increasing the solution temperature from 35 to 70 
oC increases deposition current density. Alternatively, the deposited films were more adherent, 
homogeneous, and coherent at room temperature. 
      Commonly, the elevation in bath temperature increases the grain size which has deposited material 
and decreases deposition potential. Furthermore, the expansion of bath temperature improves the rate of 
dissemination and ionic mobility's which develops the conductivity of deposition bath. The lowering in 
deposition potential with increasing temperature may be because of the expansion in the substance of 
more respectable metal in the deposited alloy [39]. 
 

Pt SS Cu 

   
Fig. 3 Linear Sweep Voltametric curves for CoFe2 alloy deposited on (Pt,  SS and Cu) 

substrates, SR (10 mV/s), 1 cycle, at different bath temperatures . 

 

 

 
3.3 Chronopotentiometric study. 

      Fig.4 demonstrates the glvanostatic curves for electrodepositon of CoFe2 alloy film from aqueous 
solution of 0.05 M CoSO4 + 0.1 M Fe (NH4)2(SO4)2 on (Pt, SS and  Cu) substrates. So to discover the 
reasonable current density for CoFe2 alloy deposition, the depositions at various current density values -
50, -70, -90,-100, -120,-130 and -150 mA cm-2 were performed respectively. The potential first growth 
to a certain extent and then it reduces very fast up to a steady state value. The fast reduction in cathodic 
potentials shows that the coverage of electrodes surface develops fast. While the steady state indicates 
that the coverage of electrodes surface is nearly finished [40]. The maximum film thicknesses were (7,1  
µm, 6.53 µm and 6.16 µm) for films deposited on (Pt, SS and Cu) substrates respectively at current 
density -100 mAcm-2. Thus, current density of -100 mA/cm2 is found suitable for the deposition of 
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CoFe2 alloy thin films. Therefore, keeping the current density constant at -100 mA/cm2, the variation in 
the values of potential with time was noted. 
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Fig. 4. Chronopotentiometric curves recorded at various Current density (a−50 

130-f  ,2-120 mAcm-, e 2-100 mAcm−, d2-90 mAcm−, c 2-70 mAcm−, b 2-mAcm     

.alloy deposited on different substrates 2) for CoFe2-150 mAcmand g −2-mAcm       

  
 
3.4. Chronoamperometric study. 

      Fig.5 deduces the variation of current density with time at constant potentials -1.5V, -1,7, -1.9, -2, -
2.25, 2.5, 2,750 and -3 V. The value of deposition rate at -2.5V was noticed maximum deposition with 
high film thickness on Pt substrate. It increases to a certain level and then vastly decreases until 
reaching a steady state. The fast decrease in potentials shows that the coverage of electrode surface 
develops fast [41]. Thus, potential (-2.5V) was found suitable for the deposition of thin films on (Pt, SS 
and Cu) substrates. During the deposition, the steady state of current designates that the coverage of 
electrode surface is nearly finished. 
 

Cu  SS  Pt  

      
Fig.5. Chronoamperometric curves for CoFe2   alloy deposited on different substrates. at various 

deposition potentials (a −1.5 V, b −1.7 V, c  −1.9 V, d −2 V, e −2,25 V, f  −2.5 V , g −2.750 V  

and h −3V). 

 
 

A model was proposed earlier to describe the initial nucleation process using 
chronoamperometric technique which could be either progressive  or instantaneous depending whether 
slow growth or fast growth of nuclei, respectively [40,41]. 
      The transients have been assessed by fitting the chronoamperometric curves against the 
dimensionless theoretical analogues for the diffusion-controlled nucleation (growth of crystals in three 
dimensions) suggested by Saba et al [42,43]. The demonstrations for the progressive and instantaneous 
nucleation are given by following equations [43], where imax and tmax represents the maximum current 
density noted at the maximum time tmax. 

2

t
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(3) 

 

The similarity of the experimental curves and the theoretical ones could be observed in (Fig.6.). The 
nucleation and growth of CoFe2 alloy electrodeposited from aqueous media on Pt substrate obey 
instantaneous mechanism at lower and higher potentials from -1.5 to -3 V. 
 

  

 
 

alloy on Pt substrate at  2plots for electrodeposited CoFe maxvs t/tmax
2/i2Fig.6.Nondimensional i

different potentials 
 

 
3.5. Effect of Current density and deposition potential on film thickness. 

      The thickness of the deposited thin film is unique and directly correlated to preparative 
parameters; molarity, deposition temperature, deposition time period, rate of deposition, annealing 
temperature etc. which were substantially improved to get the uniform thin film [44]. 
 

      MFe2 alloy film thickness was determined using gravimetric precise weight difference in which 
area and weight of the film was measured, before and after alloy deposition [43-45], the difference of 
two masses gives the mass of the alloy film and the thickness was obtained by assuming the density of 
bulk MFe2 as expressed below [46]: 

T=mass difference/ρA      (4) 
     Where T is film thickness, ρ is density of M and Fe elements in alloy, and A is total area of 
electrode surface.  
     Fig 7 offers plot of CoFe2 alloy film thickness against current density. The results show that, the 
thickness of the film was 6.7 mm for Pt substrate., 6 mm for st.st and 5,7 mm for Cu at -100 mA cm-2. 
With further increase in deposition current than -100 mA cm-2, film thickness was decreased. This is 
referred to the construction of spongy, vague and less adherent thin film which could have a tensile 
stress that tends to generate stratum, when it becomes thick [45]. 
 

  
Fig.7.Variation of film thickness with 

alloy 2Current density CoFe 

deposited on different substrates. 

 

Fig. 8. Variation of Current efficiency 

2with Current density for CoFe 

alloy deposited on different 

substrates. 

6 



J. Basic. Appl. Chem., 8(1)1-12, 2018 

 

3.6. Current efficiency. 

     Current efficiency was calculated by dividing the mass of the film deposited on the electrode by the 
mass expected to be deposited in accordance with Faraday's law [45-48]  
 
                         I x thr x equivalent weight g. 
          W =  grams                                                   (5) 
                                   26.8 A. hr. 
       Where: 

I: Current intensity in Amperes 
 

    If is the ѿ weight of metal actually deposited at the cathode, then, current efficiency= ѿ/w *100(%) 
    Fig.8 reveals the variation of current density with current efficiency on various substrates like Pt, SS, 
and Cu for 300 second deposition time at room temperature. The maximum current efficiency for CoFe2 
alloy is reached to 98.4% with Pt electrode at current density -100 mAcm-2. Furthermore, current 
efficiencies for CoFe2 alloy on both StSt and copper electrodes are 93.9 % and 98.4 % respectively at 
the same current density -100 mAcm-2. At current density lower than -100 mAcm-2, the rate of protons 
reduction is less than that of the metal deposition, if the current density is higher than -100 mAcm-2, the 
rate of the reduction of water molecule increases and hydrogen gas evolved (equations 10-12) [45].     
      It is supposed that both single metals are reduced in two following steps [48] 
 

Co (II) + e- → Co(I)ads.                                                             (6) 
Co (I)ads + e-→ Co(S)                                                               (7) 
Fe (II) ) + e - → Fe(I)ads.                                                                                          (8) 
Fe (I)ads +  e- → Fe(S)                                                               (9) 
H+ + e -→ 1/2H2                                                                                                          (10) 
H2O + e- → 1/2 H2 + OH-                                                                                    (11) 
H2O → H+ + OH-                                                                     (12) 

 
3.7. Anodization of the Alloy. 

     Electrochemical oxidation of CoFe2 alloy films prepared at the optimum electrodepositing synthesis 
parameters was carried out at room temperature (25oC ). The conversion of MFe2 alloy to the ferrite 
analogous (MFe2O4) via the hydroxide form can be traced with the subsequent reaction: 

 
MFe2+ 8OH-      →       MFe2O4+ 4H2O  +      8e-          (13) 

 
       After oxidation, the hydroxide film was washed by deionized water and then dried in a 

desiccator. Then, annealing of the hydroxide films should eliminate few defects raised during the 
electrodeposition and anodization processes, such as holes, grain boundaries, dislocations, stress, etc. 
Thus, annealing is considered a stress relief and causes local structural rearrangements affecting the 
stoichiometry of the synthesized film [48]. Therefore, CoFe2 hydroxide precursors were annealed at 400 
C for 2hrs in which sharper and more intense diffraction peak were identified due to the (311) plan as 
expected for spinel structure. Theses observation favors the nucleation and crystallization of a spinel 
phase after anodization and annealing, respectively [49]. 
 

3.8. Crystal structure. 

 Fig. 9 represents the XRD pattern of CoFe2O4 thin films synthesized using galvanostatic 
technique. The results indicated that Cubic spinel cobalt ferrite CoFe2O4 phase was observed. No extra 
peak related to tetragonal CoF2O4 was matched. The crystallite size of CoFe2O4 phase was calculated 
automatically by the X –ray diffractometer and summarized in Table 3. 
 

Substrate/crystallite size  ( nm) Pt SS Cu 

Galvanostatically 43 77 102 

      
The resulted film was   prepared using cathodic current density 100 mAcm-2 on Pt, SS and Cu 

substrate and annealed at 400 0C. Typical diffraction peaks for CoFe2O4 were indexed and 
corresponding to diffraction planes of (311), (511) and (440) on Pt substrate as shown in Figure 9 Pt. 
While relatively sharp peaks favors crystalline state of CoFe2O4, the planes were indexed corresponding 
to the diffraction planes of (111), (220), (311), (440) and (533) formed on SS substrate as shown in 
Figure 9 SS. Moreover, at Figure 9 Cu, the strong sharp peaks of the resulted film demonstrate a good 
crystalline state of the cobalt ferrite film as formed film on copper substrate with a diffraction planes of 
(220) (311) (531) (533) and (622). 
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Pt SS Cu 

  
 

Fig. 9. XRD patterns of CoFe2O4 electrodeposited from sulfate bath at current density -100 mA 

cm-2 deposited on different substrates at 400 0c. 

 
 

3.9. Microstructure. 

     Fig.10 shows the SEM micrographs of cobalt ferrite films prepared on different substrates at – 
100 mAcm-2. The prepared films were annealed at 400 0C for 2 hrs. The micrographs of cobalt ferrite 
films show a dendritic like structure with a good agglomeration with Pt substrate but in st.st substrate 
films shows spongy semicircular .Moreover, films deposited on Cu substrate shows rocky like structure 
with stone edges. [46]  

 

substrate SEM micrographs of cobalt ferrite films 

Pt 

 
SS 

 
Cu 

 
Fig. 10.  SEM image of cobalt ferrite thin film electrodeposited from sulfate bath at Current 

at deposited on different substrates 2-100 mAcm-density  

.c) for 2 hrs0 400(  
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3.10. Magnetic properties. 

The plots of M–H loops for annealed cobalt ferrite thin films are described in Fig.11 (A- C).  
The Ms and Mr values were enhanced by increasing the annealing temperature from 400 to 

800°C which arising from the spin non-colinearity at crystals surface (Table 4). Moreover, the shifts in 
the magnetic properties of the samples could be attributed to the reformation of the crystallinity and 
crystallite sizes changes. The energy of a magnetic particle in an external field is proportional to its 
particle sizes. Therefore, the decrease of the Ms Values upon decreasing particle sizes can be attributed 
to surface effects as a result of finite-size scaling of nano crystallites [50-52]. 
     Moreover, saturation magnetization is directly proportional to temperature, as calcination 
temperature increases the inter- and intra- granular holes decreases. These holes produce a gap that 
inhibits the movement of domain walls. Remnant magnetic induction shows a very small change with 
temperature, on the other hand, the coercive force decreases clearly with increasing temperature . 

 
Table 4: Effect of annealing temperatures on the magnetic properties of different substrates 
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Fig. 11. Effect of annealing temperatures on M-H hysteresis loops of CoFe2O4 thin film 

electrodeposited from sulfate bath at current density -100 mAcm-2 on different substrates at  

annealing temperatures (400 0c, 600 0c, 700 0c , and 8000c) 

 
 

Conclusions  

         The results can be summarized as follows: 
 Cobalt ferrite has been successfully synthesized employing electrodeposition–anodization process. 
 Electrodeposited CoFe2O4 was produced from aqueous sulphate bath at a cathodic Current density 100 

mAcm-2 at different substrates (Pt, SS, Cu)  with a high around current efficiency( 98% , 93%,  86%) 
respectively. 

 The results revealed that agitation has improved effect on current density but had opposite effect on film 
adhesion 

 The results also exposed that bath temperature had strong pushing effect on cobalt ferrite deposition. 
 Increasing the deposition current causes an increase in the thickness of the deposited film and optimum 

current efficiency satisfied at cathodic current density 100 mA cm2. 
 According to XRD patterns the prepared film was cobalt ferrite with spinel crystal structure, the 

crystallite size was 43 nm  for cobalt ferrite on Pt substrate, 77 nm on  stainless steel and 102 nm on 
copper substrates annealed  at 400 0 C for 2 hrs. predicted the film was nanocrystalline. 

 According to theoretical SH model it is observed that the nucleation and growth mechanism prevailed 
experimentally instantaneous nature at lower and higher potentiostatic condition from -1.5V to -3V at Pt 
substrate. 

 
substrate 

 

Pt 

 

SS 

 

Cu 

 

T oC Ms(emu/g) Mr(emu/g) Hc(G) Ms(emu/g) Mr(emu/g) Hc(G) Ms(emu/g) Mr(emu/g) Hc(G) 

400oC 17 5.63 352 20 15.2 1113 9 4.07 744 
600oC 29 7.02 277 33.6 30.2 824 31.65 15.84 433 
700oC 52 7.66 55 41.96 37.22 680 35 21.08 215 
800oC 64.33 8.45 98 54.7 49.54 522 54.5 40.2 85 
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 SEM micrographs showed that compact crystallite shapes with smallest particle size and full covered 
surface and shows agglomeration structure morphology with a narrow distribution of the particles 
noted, with an average particle size of 4µm for cobalt ferrite on Pt substrate ,12 µm on SS and 9 µm on 
Cu substrates annealed at 400 0 C for 2 hrs. 

 The magnetic properties of the nano composite samples are strongly affected by the calcination 
temperature as a consequence of crystallinity increase and particle size growth. These materials have 
good potential in technological applications 
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