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Abstract: Nanoparticles of Co-Zn mixed spinel ferrites have been prepared by a 
controlled co-precipitation method. The particle sizes of the mixed spinel ferrite may be 
controlled with Zn substitution since the rate of increase in particle sizes slowed down 
with increase of Zn content. Alteration of magnetic properties of Co-Zn mixed spinel 
ferrites was observed with the variation of Zn concentrations. 
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1. Introduction: 
 
 Novel magnetic properties of these nano-materials make them highly suitable for 
applications in magnetic storage devices and other technological applications [1-4]. 
Nanoparticles of mixed spinel ferrites comprise an important class of magnetic materials 
having large and interesting deviations of electronic, magnetic and nuclear properties 
from that of their bulk counterpart [5-7]. 
 Cobalt ferrite is an inverse spinel where all the Co2+ magnetic cations occupy the 
octahedral (B) sites and Fe3+ ions equally occupy both tetrahedral (A) and octahedral (B) 
sites. This results in antiferromagnetic spin arrangement due to strong A-B exchange 
interaction compared to A-A or B-B exchange interactions. Due to the unbalanced spin 
magnetic moments of A and B sites cobalt ferrite is ferrimagnetic in nature. Cobalt ferrite 
having very high coercivity (~5400 Oe) high cubic magnetocrystalline anisotropy, 
moderate saturation magnetization (~80 emu/g) and also its mechanical hardness and high 
chemical stability, is a promising material for use in the production of isotropic permanent 
magnets, magnetic recording media  [8, 9]  and magnetic fluids [10,11]. Due to high 
magneto-crystalline anisotropy energy of Co-ferrite, superparamagnetic relaxation could 
not be observed in the case of bigger size particle at room temperature. But magnetic 
properties like magnetic anisotropy, coercivity and onset of superparamagnetism of cobalt 
ferrite can be tailored by incorporating diamagnetic zinc cation into its face centered cubic 
spinel lattice as it modifies the A-B exchange interaction.  Zn2+ cations in cobalt ferrite 
normally occupy A sites in the spinel lattice replacing magnetic Fe3+ cations (which 
eventually go to B sites). Thus due to the substitution of Zn2+ cations and consequent 
rearrangement between diamagnetic and spin magnetic moments, the system becomes 
magnetically diluted as FeA-O-FeB interaction becomes weak which leads to many 
interesting properties like spin glass or cluster glass like behaviors [12]. 
 
2. Synthesis of Co-Zn Ferrite nanoparticles: 
 
 Nanocrystalline Co-Zn mixed spinel ferrites may be prepared by different methods 
such as controlled co-precipitation method [13], sol-gel method [14] , hydrothermal 
techniques [15] have been widely used. S. Dey et al. [16] prepared Co0.2Zn0.8Fe2O4 ferrite 
nanoparticles by coprecipitation method where a mixed sloution of stoichiometric 
amounts of CoCl2, ZnSo4 and Fe(NO3)3 was prepared and was added dropwise from a 
burette  into a NH4OH solution, maintaining the pH at 8 adding dilute NH4OH from 
another burette. The resultant mixture was boiled at 80 0C for 30min and then allowed to 
settle. The precipitate was filtered, washed with de-ionized water several times and then 
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dried in vacuum (0.05 Torr) at room temperature. The dried precipitate was sintered at 
various temperatures between 393 and 1173 K for 12 h. R. Arulmurugan et al. [17] 
prepared Co(1-x)ZnxFe2O4 ( x=0.1-0.5) by coprecpitating aquous solutions of CoCl2 , 
ZnSO4 and FeCl3 in their respectively in alkaline medium. The mixed solutions of CoCl2, 
ZnSO4 and FeCl3 in their respective stoichiometrykept at 80 0C (e.g. 50 ml 0.5M CoCl2, 
50 ml 0.5M ZnSO4, 100ml  1M FeCl3 in case of  Co0.5Zn0.5Fe2O4 and similarly for the 
other values of x) was added to the boiling solution of NaOH (0.64M dissolved in 1300 
ml of distilled water) within 10s under constant stirring and the solutions were maintained 
at 95 0C for 1 hr. to transform metal salts into hydroxide and hydroxide into the ferrite 
form.  
 
3. X-ray diffraction and TEM analysis: 
 
 X-ray diffraction by solids is a scattering process in which the scattered waves from a 
large number of atoms are coherently accumulated to give the diffraction pattern. Since 
atoms in a crystal lattice are arranged periodically, the x-ray scattered by the scattering 
centers (atoms of a crystal) have definite phase relations between them and these phase 
relations are such that only in certain directions which will have constructive interference. 
Diffracted beam composed of the scattered x-rays can be obtained only when certain 
geometrical considerations of the atomic structures are satisfied. In three-dimensional 
crystals, X-ray diffraction occurs only when the wavelength of the x-ray is comparable to 
the distance between the scattering centers in the crystal lattice structure. The condition is 
explained by Bragg’s law given by the equation (1), 
 
     2𝑑sin𝜃 = 𝑛𝜆  (1) 
 
 Here 𝑑 is the interplanar distance, 𝜃 is the angle of diffraction, 𝑛 is the order of 
diffraction and 𝜆 is the wavelength of the incident x-ray. Figure 1 shows a schematic 
diagram of X-ray diffraction from a set of lattice planes with inter planar distance 𝑑. 
 

 
Figure 1. X-ray diffraction from a set of lattice planes. 

 Depending on whether the wavelength of X-ray radiation and angle of diffraction is 
varied or kept fixed, a few distinct experimental methods are in practice as described 
below in Table 1. 
 

Name of the method Wavelength 𝜆 Diffraction angle 𝜃 

Laue method Variable Fixed 

Rotating-crystal method Fixed Variable 

Powder method Fixed Variable 
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Table 1: Different types of Xray Diffraction Methods 
 The average crystallite sizes were calculated using the Debye-Scherrer formula [18] 
given by the equation (2), 

 ⟨𝐷⟩ =
.ଽఒ

ఉcosఏ
  (2) 

 
 where, 𝛽 is the FWHM of the Gaussian fit of the diffraction peak, λ is the X-rays 
wavelength and 𝜃 is the Bragg’s diffraction angle. 
 The lattice parameters (𝑎) were calculated by using Miller indices (hkl) values and 

interplanar spacing with the relation  𝑎 = 𝑑√ℎଶ + 𝑘ଶ + 𝑙ଶ; where d is the interplanar 
spacing [19, 20]. The appearance of (220), (311), (400), (422), (511), (440), (620), (533) 
planes in the diffraction angle assures the formation of cubic spinel structure without any 
other phase transition. S. Dey et al.  [16]  found that for Co0.2Zn0.8Fe2O4 nanoparticles the 
lines in the XRD patterns of samples sintered at temperatures 𝑇 ⩽ 773𝐾, are not very 
sharp as is expected for nanocrystalline materials. The average crystallite size of these 
samples were found to be less than 10 nm and the average particle size (nm) (from TEM 
analysis) ranging from ~13 nm to 65 nm with the sintering temperature from 873K to 
1173K respectively.  
 R. Arulmurugan et al. [17] prepared Co(1-x)ZnxFe2O4 (x=0.1-0.5) nanoparticles with 
particle sizes as observed from the XRD analysis are rangeing from 11.1 nm to 8.8 nm 
respectively and it was observed that the lattice constant decreases from 8.390 to 8.356 
i.e. decreases to a very small extent with increase in the Zn concentration since both Co2+ 
and Zn2+  ions have small ionic radii. The morphology of the particles formed was 
examined by direct observation via High Resolution TEM and morphology of one sample 
was shown in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Transmission electron micrograph of Co0.5Zn0.5Fe2O4 .[R. Arulmurugan et 
al. Journal of Magnetism and Magnetic Materials  vol 288 (2005), 470477] 
 
4. Magnetization Measurements: 
 
 S. Dey et al. [16] investigated for Co0.2Zn0.8Fe2O4 nanoparticles, the magnetization 
measurements (M) versus applied magnetic field (H) were arried cout at room 
temperature (303K) showed that saturation was not reached upto a field 1T. This was 
expected as it was shown earlier by P.S. Anil Kumar et al. [21] that the magnitude of the 
magnetic field required to reach saturation depends on the size of the particle. Figure 3 
shows that the magnetization values at 1 T (M1T) of the Co0.2Zn0.8Fe2O4 samples with 
particles sizes <11 nm, decreases with the increasing particle sizes although the trend is 
usual and also observed in nanocrystalline CuFe2O4 and ZnFe2O4 materials [22, 23]. Jiang 
et al. [22] attributed this unusual change in magnetization to spin canting and a drastic 
change in cation distribution although they suggested that the main contribution for 
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decrease in magnetization with increasing particle size is due to a change in the cation 
distribution. 
 R. Arulmurugan et al. [17]  investigated saturation magnetization (Ms), remanence (Mr) 
and coercivity (Hc) at room temperature in a maximum field of 10kOe. Magnetic 
properties of Co–Zn ferrites are strongly dependent  on the Zn concentration. They found 
that for the samples Co(1-x)ZnxFe2O4 (x=0.1-0.5), saturation magnetization  (Ms) varies 
from 54.1 emu/g to 39.6 emu/g respectively, for remanence (Mr) it was varies from 10.6 
emu/g to 0.499 emu/g respectively and for coercivity (Hc) the values are varying from 223 
Oe to 9.77 Oe respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Variation of magnetization with the applied magnetic field of  
Co0.2Zn0.8Fe2O4 sintered sample. [S. Dey et al., Materials Research Bulletin vol 38 
(2003) 1653–1660] 
 
5. Conclusion: 
 
 Nanocrystalline Co0.2Zn0.8Fe2O4 and Co(1-x)ZnxFe2O4 (x=0.1-0.5) samples can be 
prepared by chemical coprecipitation method has a definite impact on the control of 
particle size and alteration of magnetic properties and with increase in the particle size 
where cation distribution of Co0.2Zn0.8Fe2O4 changes resulting in a decrease in 
magnetization with increase in particle size thus magnetic properties of Co-Zn ferrites are 
strongly dependent of Zn concentration [16,17]. 
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