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Abstract: Cadmium doping with nickel ferrite with general formula CdxNi1-xFe2O4 (x =0.0,0.1,0.3,0.5 and 0.7) 

has been prepared by using Sol-Gel method. The X-ray spectra shown indicate formationof crystalline cubic 

spinal phase ferrite, with appearance of smalls amount of secondary phases. The lattice parameter results were 

8.38
 0

A - 8.446
0
A. Surface morphology features were studied by AFM and SEM. The dielectric measurement of 

the samples at room temperature studied in the frequency range 10 Hz to 5MHz shows dispersion in the low 

frequency region and remains constant at high frequency region. However, the small polar on hoping type of 

conduction mechanism was inferred from the linear increase of ACconductivity. It is also found that dielectric 

constant increases with cadmium content increasing while it decreases with decrease of cadmium content.  

 

I. Introduction 
Ferrites nanoparticles are of great interest because of their scientific aspect and several applications. 

The Nano ferrites are interesting materials owing to their wide range of applications in new science and 

technology [1].Cadmium substituted nickel ferrites are the important class of spinel ferrites [2]. According to 

crystal structure, nickel ferrite is an inverse spinel ferrite and possesses high electrical resistivity and low eddy 

current losses [3].They are attractive because of their numerous specialized applications importance in Ferro 

fluids, magnetic drug delivery, Nano gadgets, sensors and hyper thermic for cancer treatment [4].The structural 

and magnetic properties of spinel ferrites depend on the magnetic interaction and cation distribution in thetwo 

sub-lattices i.e. tetrahedral (A) and octahedral (B) lattice sites [5].Cd substituted Ni ferrite nanoparticles were 

prepared by sol-gel method. In this search, the effect of Cd
2+ 

substitution in NiFe2O4 is studied. The sol-gel 

method is used to synthesize the nanoparticles of CdxNi1-xFe2O4. The structural and AC electrical properties of 

the synthesized samples have been discussed in the contents. 

 

1.2Experimental Details 

The Nano-ferrites of the composition CdxNi1-xFe2O4(where x=0.0, 0.1, 0. 3, 0. 5 and 0.7) were prepared 

by Sol-gel method bythe below mentioned raw materials. TheNickel nitrate -99% Pure (AR Grade) Ni (NO3)2, 

Cadmium nitrate -99% Pure (AR Grade) Cd (NO3)2 and Iron nitrate -99% Pure (AR Grade) Fe2 (NO3)2were 

dissolved inof 50 ml from methanol and 50 ml from the distilled water, all these arecollected in glass beaker and 

mixed well at room temperatures by hot plate magnetic stirrers with high speed, Ammonia solution was added 

slowly the form of drops into the mixed solution to control its pH until reach threats from 7 to 10 with 

continuous rotation. Gradually increase in temperature to reaches of 60 ˚C and continues the solution to this 

heats for one hours. After the completion ofthe solution turned to gel, the temperature drops to the room 

temperature and this gel become dry and dark browns and then place it in an oven at a temperature of 150 ˚C for 

a three hours then it will become drygel. The powder was pressed using a die with diameter (1.5cm) to produce 

specimens in a pellet shapes. Thepressingloadused was (3 ton) and the specimens held for 10 min under pressure 

using a hydraulic press of a maximum load10 ton. 

 

II. Results and Discussion 
2.1X-Ray Diffraction Results:  

The XRD patterns of the (CdxNi1-xF2O4) bulk is shown in Figure (1). The X-ray diffraction appearance 

of all samples the single phase of cubic spinel structure which agrees with result of [6]. The existence of Miller 

indices conforms (202), (313) and (400) major lattice plane and uncovers the cubic spinel phases that is 

specified by the reference of powders diffraction files as shown in Table 1 [7]. Additionally, secondary lattice 

planes of (111), (200), (333) and (531) were found. The peaks appeared different amounts of crystallinity 

depending upon concertation rates of Cd
+
. The Miller indices (hkl), d-spacing (dhkl) and the lattice parameters 

are listed in Tables (1) and (2). All XRD measurements revealed match well with the typical patterns of inverse 

spinel ferrite. Interplant distance and planes are calculated by Bragg's diffraction law and index method using 

equation1 and 2 [8]. The X-ray density depends on the lattice parameters and molecular weights of the samples 

and the values increase with increasing of Cd content, while particles size decreases with increasing of Cd 
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content. Theaveragecrystallitesizehasbeencalculatedfrom the full width at half maximum of the reflection and 

usingtheScherer’s formula equation 3[9]. 

𝑛𝜆 = 2𝑑 sin𝜃                                                                              (1) 

The lattice parameter ‘a’ was determined using following relation 

 

𝑎 = 𝑑 ×  ℎ2 + 𝑘2 + 𝑙2                                                      (2) 

Scherer’s formula is          𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
                                  (3) 

where 𝐷is the crystallite size, 𝛽 is the full width ofthe diffraction line at half of the maximum intensity 

measured in radians, is x-ray wavelength (Cu kα radiation, 1.5405Å) and 𝜃 is the Bragg angle. 
 

 
Figure 1: XRD spectra1 data for (CdxNi1-xFe2O4) nanocomposite with different  concentrations of Cd. 

 

Table 1: XRD spectra1 data for (CdxNi1-xFe2O4) nanocomposite with different concentrations of Cd. 
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Table2: XRD spectra data for CdxNi1-xFe2O4 ferrites at the plane (311). 

2.2Atomic Force Microscopy (AFM) results: 
Figures 2show the atomic forces microscopy images of bulk CdxNi1-xFe2O4 ferrites where 

(x=0.0,0.1,0.3,0.5and 0.7). The AFM images of all samples show granular structure. The average grain size and 

average roughness as determined from atomic force microscopy are given in Table (3). Both the average grain 

size and average roughness increase with the increases in Cd substitution, that mean increases in the power of 

bond of linking atoms this agrees with the result of references [10].Though the averages grain size of (x=0.0) 

and (0.7) increase from 63.50nm to 83.16 nm respectively as shown in figure2. On the other hand, the averages 

roughness increases from 1.69 to 4.42nm when x increased from 0.0 to 0.7. 

 
Figure 2: The AFM images of CdxNi1- x Fe2O4 for different cadmium concentrationsat (x=0.0,0.1,0.3,0.5and 

0.7). 

 

 

X dhkl(°A) hkl M(g/mol) a (°A) V(cm3) dx(g/cm3) 

0.0 2.5269 (311) 234.38 8.380 5.89*10-22 5.289 

0.1 2.5373 (311) 239.75 8.415 5.96*10-22 5.344 

0.3 2.538 (311) 250.49 8.417 5.96*10-22 5.579 

0.5 2.5361 (311) 261.23 8.411 5.96*10-22 5.831 

0.7 2.5468 (311) 271.98 8.446 6.03*10-22 5.995 
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Table 3: Average grain size and average roughness for CdxNi1xFe2O4 where (x=0, 0.1, 0.3, 0.5 and 0.7) 

 

 

 

 

 

 

2.3 Scanning Electron Microscopy (SEM)  

Figure 3 shows the SEM micrograph images for bulk CdxNi1-xFe2O4 where (x=0.0,0.1,0.3,0.5 and 0.7). 

The SEM image show that the samples are not closely packed and consist of severalgrains and agree with [11]. 

The cadmium additions showed no major effect on the surface morphology of the ferrites. 

 

 
Figure3 : SEM images for  CdxNi1- x Fe2O4bulk at  different cadmium concentrations at (x=0.0,0.1,0.3,0.5 and 

0.7). 

 
2.4 Electrical Properties 

The electrical properties of cadmium doped nickel ferrites CdxNi1-xFe2O4 include the A.C 

conductivityand dielectric properties. 

 

2.4.1The AC Electrical Properties of Bulk 

The variations of A.C electrical conductivity of bulk CdxNi1-xFe2O4 with frequency is shown in 

figures4. It Can be noted the A.C conductivity σa.c(ω) increases with increases in the frequency for all 

specimens. Which is the normal behavior of ferrites this agrees with the result of references [12]. As mentioned 

above the conduction in ferrites mainly due to exchange of electrons amongst Fe
3+1

 and Fe
2+

 ions. The boost in 

frequency of the connected fields expands the bouncing of charges bearers bringing about4 increase in 

conductivity and lessening of resistivity. Typical conduct of ferrites is the ordinary conduct of ferrites. ItCan be 

observed that AC conductivity increase with increase with increase in cadmium content in nickel ferrite. 

 

Cd content Ave. grain size (nm) Ave. Roughness (nm) 

0.0 63.50 1.69 

0.1 76.45 2.97 

0.3 77.86 3.81 

0.5 81.32 3.23 
0.7 83.16 4.42 
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Figure 4: A.C electrical conductivity as a function of frequency for CdxNi1-xFe2O4 with different contents of Cd. 

 

2.4.2 The Dielectric Constant of Bulk 

Figures 5 and 6 show the dependence of the real and imaginary part of dielectric constant ε1, ε2 for bulk 

CdxNi1-xFe2O4 on the frequency ω, for different cadmium doping contents. The real and imaginary parts of 

dielectric constant for all samples decrease with increasing of frequency. This behavior agrees well with Deby’s 

type relaxation process. The real and imaginary parts of dielectric constant reach a constant value for all the 

samples above certain greater frequency, this agrees with the result of references [13,14]. It can be observed 

from Figures 6 that the imaginary parts of dielectric constant ε2 increases with frequency. The imaginary parts of 

dielectric constant ε2 refers tothe dielectric loss. 
 

 
Figure 5: Variation of real part (ε1) of dielectric constant with frequency for CdxNi1-xFe2O4 at different Cd 

contents. 
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Figure 6:  Variation of imaginary part (ε2) of dielectric constant with frequency for CdxNi1-xFe2O4 at different 

Cd contents. 

 

III. Conclusion 
The CdxNi1-xFe2O4 where(x= 0.0,0.1,0.3,0.5and 0.7) Nano ferrites were prepared using Sol-Gel method. 

The X-ray diffractionstudies clearly showed formations of the crystalline structure   of (CdxNi1-xFe2O4) is cubic 

spinal stricture phase ferrite and the particle size beyond the nanoscale. Thelattice parameter is found to increase 

with increasingcadmium content.AFM results show clearly that the grain size and the average    roughness of 

(CdxNi1-xFe2O4) increases with increasing cadmiumcontents. The real and imaginary part of dielectric constant 

decrease with increasing of frequency, while the A.C electrical conductivity is increased with increasing of 

frequency. 
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