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In the presented work, double substitution (Cr
3+

Gd
3+

) for CoCr0.04GdxFe1.96-xO4 (0 ≤ x ≤ 0.12) 

synthesized by co-precipitation method. X-ray diffraction (XRD) and fourier transform infrared 

spectroscopy (FTIR) are employed to confirm the phase identification. The lattice constants 

calculated lies in the range 8.3169-8.3717Å, while Scherrer formula was used to calculate the 

average crystallite size 21-106 nm. Morphology of the samples was studied by SEM. M-H-loop 

showing the effect of Gd
3+

concentration on intrinsic as well as extrinsic magnetic parameter. It is 

observed that saturation magnetization of the resulting samples were decreased from 63.5 -53.8 

emu/g with the increase in content, while coercivity observed less than 1 KOae 
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1. Introduction 
 

     Polycrystalline ferrites materials are extensively used in technological applications, it 

has general formula AB2O4, whereas A-site is represented by divalent cations and the B-site is for 

trivalent cations. The spinel ferrite fcc cubic structure having space group Fd3m. Ferrite of the unit 

cell, the oxygen is composed of A-site having 64 tetrahedral and B-site contains 32 octahedral 

interstitial sites. In the inverse spinel type, the ferric ions occupy eight on the tetrahedral site while 

sixteen ferric ions occupy on octahedral B-sites. It is reported that the material characterization 

depends upon these factors; synthesis technique, chemical compositions, sintering temperature, 

sintering time, PH value, the use of additive, and distribution of cations between the A- and B-sites 

[1]. Ferrite due to the high coercivity, chemical stability, good mechanical properties, and 

intermediate saturation magnetization are used in many technological applications [2-4]. Ferrites 

due to their various applications are being used in magnetic resonance imaging, high-density 

magnetic recording medium, communication signals, and electronics [5-6].The structural and 

magnetic properties can be modified effectively by using the additives in the composition such as 

rare-earth elements substitution play vital role in modification of ferrites properties [7]. Toksha et 

al; [8] described the cobalt ferrite structural and magnetic properties are altered by substituted of 

Cr
3+

 ions which take place of Fe
3+

 at B-site and change the structural and magnetic properties [9-

12]. Ferrites characteristics are changing due to the exchanging cations of A- and B-sites via 

oxygen ions. However, many disadvantages have been discussed in literature about spinel ferrites 

for low quantity of rare-earth ions such metal monoxides [13-14] as the hematite α-Fe2O3 [15-16] 

and orthoferrites [17]. Another difficulty is to influence the high nucleation rate of crystal size. 

Kumar et al; [20] reported that saturation magnetization reduces with the increase of Gd
3+

ions 
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concentration. Tahar and Kim et al; [18] were reported Gd
3+ 

substituted for Co-ferrites saturation 

magnetized increases with the increase of annealing temperature while coercivity observed 

decreases [19]. Burianova et al; [21] investigated that the coercivity of the ferrites samples based 

on particle size and follows the Brown relation. In this work, the chief aims to study the structure 

and magnetic properties for substituted (Cr
3+

 Gd
3+

) CoCr0.04GdxFe1.96-xO4 ferrites by using co-

precipitation technique 
   

 

2. Materials and methods 
 

2.1. Samples preparation and equipment 

   A series of Gd
3+

 substituted Co-Cr ferrite CoCr0.04GdxFe1.96-xO4 was prepared by using these 

chemicals with regent grade Co(NO3)2.6H2O, Cr(NO3)3.6H2O, Fe(NO3)3.9H2O, and 

Gd(NO3)3.6H2O. Transparent solution of these compounds was prepared by using the deionized 

water and continue magnetic stirrer of this solution about 1 h, after this NaOH solution was added 

drop wise to maintain the pH value 11. The obtained precipitates were put into pre heated water 

bath for digestion and set at 90
o
C for 1 h. After completion of digestion process, precipitates was 

washed three to four times with deionized water and confirm all impurities to be removed. Final 

product was dried by using electric oven at 95
o
C for 24 h, then dried powder grinded to 

homogenize by mortar and pestle about 1 h. The XRD method is considered for microstructure 

studies. Accordingly, the diffractometer (Xpert Pro PANalytical) with Cu-Kα radiation (λ=1.54056 

Å) at 30 mA and 40 kV was applied for each sample characterization. The XRD data was recorded 

at scanning speed 0.05̊ /s with an angle of 2θ at 20-70̊. Morphology of the synthesized samples 

were studied by using scanning electron microscope (SEM) of model JSM-6490 JEOL. For the 

confirmation of functional group and structure of the synthesized material, IR Spectra was scanned 

in the range 400-4000 cm
-1 

by using Jasco-310 spectrometer. To record the magnetic properties the 

vibrating sample magnetometer (VSM) was of lake-shore735. The XRD data were used to 

calculate different physical parameters with the help of these relations [22-23]. 

 

                                            (1) 

                                                               (2) 

                                                           (3) 

                                                               (4) 
 

In ferrites sample, the lattice constant ‘a’ (Angstrom), the Miller indices represented by (hkl), unit 

cell volume, Z be a symbol of eight molecules per unit cell, Avogadro’s constant (6.02×10
23 

g/mol) 

is represented by NA and the molecular weight is written by M. The estimation of crystallite size 

(D) is in nm, λ is for X-ray source wavelength and θ is Bragg’s angle in the Scherer’s equation. 

 
 
3. Results and discussion 
 
3.1 Structural Analysis 

                Fig 1 Shows Gd Substituted Co-Cr ferrite synthesized by co-precipitation method sintered 

at 850
o
C for 8 h, all the prepared samples shows the secondary phase, diffraction pattern confirm 

cubic structure with space group Fd3m. The Jade 5 software was used to analyze XRD pattern. It 

is observed that the intensity of the peaks shows the crystallinity of the sample and on broadening 

of peaks reflect the crystallite size which is measured by using Debye-Scherers Eq.3. The average 

crystallite size was found in the range (21-106 nm). The Maximum value of crystallite size was 

found 106 nm, and behavior of the crystal size increased with the increasing of the content. The 
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secondary phase of the samples observed due to high reactivity of rear earth Gd
3+ 

ions with Fe
3+

 

ions. The lattice parameters of the prepared samples are determined by the Eq.1 and obtained 

lattice constant values was listed in the Table 1, it is observed that the lattice constant values lies in 

range 8.3169-8.3668 Å. The different values of the lattice constant observed due to different ionic 

radii of the substituent such as the Gd
3+ 

= 0.938 Å, Fe
3+

= 0.67Å. As observed in the presented 

work, the Gd
3+

=0.938 Å of the ionic radius of the substituted ions is greater than the Fe
3+

= 0.67Å. 

Maximum lattice constant found 8.3668 Å at x= 0.12. It is clearly seen in the Table 1, the lattice 

constant value observed increased with the increasing the Gd
3+

 concentration. Moreover, X-ray 

density is calculated by the Eq.4 and the obtained value lie in the range 5.31 -5.41 g/cm
3
. The 

variation in the X-ray density due to different molar mass if the constituent such as Gd
3+ 

=157.25 

g/mol in comparison with the Fe
3+

= 55.84 g/mol. 
 

 

    
 

    
 

  n  

 
Fig. 1. XRD Patterns of CoCr0.04GdxFe1.96-xO4 (0.02 ≤ x ≤ 0.12) ferrites. 
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Table 1.Lattice constant, Crystallite size (nm), Unit cell volume and X-ray density  

CoCr0.04GdxFe1.96-xO4 ferrites 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Morphology analysis 

   Fig.2 (a-d) shows the samples of SEM micrographs. The distribution of the grain size 

was observed in homogeneous; the shape of the resulting samples observed spherical and 

the grain size is estimated by the line intercept method, it is also observed that the material 

of the prepared samples have porous nature [24], it is observed that few agglomeration due 

to long sintering temperature as well as weak Van-der Waals forces [25-26]. 

 

  
a) b) 

  
c) d) 

 
Fig. 2 Micrographs of Co-Cr0.04GdxFe1.96-xO4 ferrites (a) x = 0, (b) x = 0.04, 

 (c) x = 0.06 and (d) x = 0.08. 

 

Composition 

 

Lattice  

Constant 

( Å) 

Crystallite 

Size 

(nm) 

Unit Cell 

Volume 

(Å
3
) 

X-ray 

density 

g/cm
3
 

CoCr0.04Fe1.96O4 8.3717 67 586.7 5.3 

CoCr0.04Gd0.02Fe1.94O4 8.3169 21 575.3 5.4 

CoCr0.04Gd0.04Fe1.92O4 8.3433 26 580.8 5.3 

CoCr0.04Gd0.06Fe1.90O4 8.3467 47 581.5 5.3 

CoCr0.04Gd0.08Fe1.88O4 8.3539 47 583.1 5.3 

CoCr0.04Gd0.10Fe1.86O4 8.3622 106 584.7 5.3 

CoCr0.04Gd0.12Fe1.84O4 8.3668 84 585.7 5.4 
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3.3. FTIR spectroscopy 
Fig. 3 (a-f) shows the IR spectra of Gd

3+
substituted Co-Cr- ferrites samples which have been 

recorded of 400-4000 cm
-1

.The common characteristics  features of ferrite spectra show absorption peaks at 

below 600 cm
-1 

that represent metal oxygen (M-O) vibration mode [27]. In IR results, there are two 

prominent observed peaks at tetrahedral sites. The high frequency peaks appear in the frequency range 600-

500 cm
-1

 due to metal-oxygen stretching. The low frequency peaks in the range 430-385 cm
-1 

are 

corresponding to the appearances of the octahedral sites.   

 

3.4. Magnetic properties 

 
In the present study, Fig.4 exhibits MH loops of synthesized samples at room temperature. The 

results show soft nature of material. The saturation magnetization lies in the range 63.5 -53.8 emu/g while 

coercivity 798-763 Oe. Generally, magnetic properties depend on the synthesizing routes along with some 

specific conditions such as their particle size and distributions of cations on different sites. High saturation 

magnetization of pure bulk sample cobalt ferrites has been reported [28]. In the present work, the 

substitution Gd
3+

ions played a vital role in spin canting at the surface of nanoparticles and moderates overall 

magnetization due to strong spin-orbit coupling and promote the asymmetrical structure and observed strong 

interaction at lattice sites. Another reason for the improvement in coercivity can be attributed due to pinning 

effect of a domain wall and to the microstructure [29].  

 

  
a) b) 

  
c) d) 

  
e) f) 

 
Fig.3. FITR pattern CoCr0.04GdxFe1.96-xO4 ferrites (a) x = 0.00, (b) x = 0.02, (c) x = 0.04,                                             

(d) x = 0.06, (e) x = 0.08 and (f) x = 0.1. 
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Fig.4. M-H loops of Gd
3+

 substituted Co-Cr ferrites at an applied field of 8kOe. 

 

 

4. Conclusions  
    
The spinel ferrites, Gd

3+
 substituted CoCr0.04GdxFe1.96-xO4 have been synthesized through 

co-precipitation technique. The structure stability was analyzed by calculating different parameters 

from XRD data. The average crystallite size determined in the range (21-106 nm) by using the 

Scherrer's formula, the grain size results were consistent obtained by scanning electron 

microscopic.The intrinsic magnetic properties revealed that the behavior of saturation 

magnetization, anisotropy constant decrease by increase Gd
3+

 concentration, also observed low 

coercivity which is below 1KOe.  
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