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ABSTRACT: The 𝐶𝑜0.3 𝑍𝑛0.7𝐹𝑒2𝑂4 nanocrystalline  synthesized  by  the Co-precipitation 

method with two techniques based on different in initial molar concentration (pH 

suspension).The  structural and  magnetic  properties  of the  products  were  determined  and  

characterized  in  detail  by  X-ray  diffraction  (XRD),  High Resolution -Transmission Electron 

Microscope (HR-TEM) , Fourier Transform Infrared (FTIR) and  vibrating  sample  

magnetometer (VSM). The results suggest the grain size for first technique in the range of 6.14 

: 13 nm and  second technique in the range of 8.8: 24.4 nm as the calcination temperature 

increases from 100 to 600°C respectively with different in initial molar concentration (pH 

suspension) for all techniques. X-ray analysis showed that the samples were  cubic  spinel 

structural ( kind  of  inverse  spinel  oxide).The crystallinity is improved with the  increases 

calcination temperature  for all techniques and that proved by the FT-IR  &  XRD results and 

compound  purity fabricated. HR-TEM analysis showed that nanoparticles size and the shape 

based on the initial molar concentration (pH suspension) & the calcination temperatures and 

also indicates that degree of agglomeration for all samples. VSM analysis showed that all the 

coercivity values were low enough to emphasize that the ferrite was a soft ferrite or super-

paramagnetic behavior for most samples. 

KEYWORDS: Calcination Process, Co-precipitation method; Co0.3 Zn0.7Fe2O4 Magnetic 

Properties, Anoparticles, Ferrite,. 

 

INTRODUCTION 

Ferrite types with chemical composition variance and the spinal crystal structure are magnetic 

ceramics (such as Co ferrite, Zn ferrite and Co Zn ferrite) of great importance in the 

manufacturing of insulators and electronic industrials. The physical, chemical and magnetic 

properties of ferrite are depends on various parameters such as processing conditions, 

calcination temperature and time as well as on their chemical composition [1, 2]. The properties  

of  these  materials  mainly  depend  on  their shape,  size, and  structure,  which  are  strongly  

determined  by  the  fabrication  processes  [3,4]. 

There  are  several  different  fabrication techniques  used to  produce ferrites such as  sol–gel, 

combustion  methods  , hydrothermal,  mechano-chemical and refluxing  ,However  most  of  

them  cannot  be economically  applied  on  a  large  scale  because  they required  high  vacuum  

system,  complicated experimental steps and high reaction temperatures ,but co-precipitation 

method is considered to be economical technique for ferrite production [5,6,7,8,9,10,11,12,13]. 
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The aim of the present work is to the synthesis of  Co0.3 Zn0.7Fe2O4  Nanoparticles are prepared 

by Co-precipitation method with two techniques for its manufactured. The structural and 

magnetic properties of nano-crystalline cobalt zinc ferrite can be controlled by adjusting the 

synthesis route in the initial mixtures.  The synthesized nano- crystals have been characterized 

by XRD, HR-TEM, EDX, vibrating sample magnetometer (VSM) and FT-IR, provided below 

are the investigation details. 

 

EXPERIMENTAL 

Materials 

All chemical re-agents—ferric chloride FeCl3, cobalt(II) chloride CoCl2, zinc(II) chloride 

ZnCl2 and sodium hydroxide NaOH—were purchased from (El-Gomhouria Co. for Drugs) , 

Egypt and used as received without further treatment. 

Instrumentation 

X-ray powder diffraction analysis was conducted on a Brucker Axs-D8 Advace  Diffractometer 

(XRD). FTIR transmission spectra were taken on Perkin Elmer Spectrum BX model Infrared 

Spectrophotometer from 2000 to 400 cm−1.High Resolution- Transmission Electron 

Microscopy (HR-TEM) analysis was performed on (JEOL 2000FX). Magnetic measurements 

were carried out with the Quantum Design Model 6000 Vibrating Sample Magnetometer 

(VSM) and parameters like specific saturation magnetization (Ms), coercive force (Hc) and 

remanence (Mr) were evaluated. 

Procedures 

The Co0.3 Zn0.7Fe2O4   Nanoparticles are prepared by Co-precipitation method with two 

techniques, So that the Co-precipitation method depends on parameters such as reaction 

temperature, pH of the suspension, initial molar concentration etc. [14]. 

In the first and second techniques the mixed solution of CoCl2, ZnCl2 and FeCl3 in their 

respective stoichiometry (100 ml of 0.3 M CoCl2, 100 ml of 0.7 ZnCl2 and 100 ml of 2 M 

FeCl3) was prepared and kept at 60°C.. And the preparation of NaOH solution (1 M dissolved 

in 1200 ml of distilled water), but the difference between two techniques are in first using two 

burettes for the mix of solution of CoCl2, ZnCl2 and FeCl3, and the second burette for NaOH 

solution in the same time put drops from two burettes in the beaker contains one liter of water 

within 10 s under constant stirring until pH become 12 as  shown in table (1) in Figure (a), but 

in second technique mix of solution of CoCl2, ZnCl2 and FeCl3 put them in beaker the boiling 

solution of NaOH was added to the mix of solutions within 10 s under constant stirring until 

pH become 12 as  shown in table (1) in Figure (b) . 

 

 

Nano Co Zn ferrites are fabricated by transformation of metal salts into hydroxides. The 

transformation process occurs immediately, followed by transformation of hydroxides into 

ferrites. At first solid hydroxides of metals in the form of fine particles were obtained by the 

co-precipitation of metal cations in alkaline medium (co-precipitation step): 
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0.3 Co2++0.7 Zn2+ + 2Fe3+ + 8OH− → 0.3 Co (OH)2 × 0.7 Zn (OH)2× 2 Fe (OH)3↓ 

The complex zinc substituted ferrites are obtained by subjecting the solid solution of metal 

hydroxides to heating in the alkaline medium: 

0.3 Co (OH)2 × 0.7 Zn (OH)2× 2 Fe (OH)3 
∆
→ Co0.3 Zn0.7Fe2O4* nH2O. 

The solutions been preserved at 80 °C for 2 h. to transform of hydroxides into spinel ferrite [2, 

14]. Enough amount of Nanoparticles were collected at this stage by using filtration process 

under vacuum pressure for samples separation and  washing samples  several times with 

distilled water and dried at 100°C temperature and samples subjected  for calcination process 

at 600 °C. 

 

RESULTS AND DISCUSSIONS 

Physical characterization (XRD analysis) 

In figures (1:4) show the X-ray diffraction patterns of Co0.3 Zn0.7Fe2O4 nanoparticles samples 

at 100°C and 600°C.The diffraction patterns show six  reflection planes (220), (311), (400), 

(422), (511), (440) [15].  These  clear-cut  musings  without  any  confusion,  exhibits  the  

formation  of  a spinel cubic structure and  the (hkl) value of  the entire  peak are  which refer 

to face centered cubic (F.C.C.) structure ( kind  of  inverse  spinel  oxide).The broad x-ray 

diffraction  peak  for  the samples for two techniques at 600°C suggest that the ferrite particles 

Technique (1) Technique (2) 

 

(a) 

 

 

(b) 

 
Table(1) :Experimental Setup to 𝐶𝑜0.3 𝑍𝑛0.7𝐹𝑒2𝑂4 nanoparticles production 

http://www.eajournals.org/


European Journal of Material Sciences 

Vol.4, No.3, pp.24-34, November   2017 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

27 
Print ISSN: 2055-8112(Print), Online ISSN: 2055-8120(Online) 

are of nano size, whereas calcination achieve about increase in grain size which leads rise to 

sharp clear-cut peaks. 

 

Fig (1): XRD pattern for of Co0.3 Zn0.7Fe2O4 nanoparticles for 1st technique at 100°C 

 Fig 

(2): XRD pattern for of Co0.3 Zn0.7Fe2O4 nanoparticles for 1st technique at 600°C 

  

 Fig 

(3): XRD pattern for of Co0.3 Zn0.7Fe2O4 nanoparticles for 2nd technique at 100°C 

 

http://www.eajournals.org/


European Journal of Material Sciences 

Vol.4, No.3, pp.24-34, November   2017 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

28 
Print ISSN: 2055-8112(Print), Online ISSN: 2055-8120(Online) 

 
Fig (4): XRD pattern for of Co0.3 Zn0.7Fe2O4 nanoparticles for 2nd technique at 600°C 

 

The XRD analysis, the average grain size for each samples has been calculated from the XRD 

line width of the highest intensity peak (311) using Debye Scherrer equation [16], whereas the 

grain size for first technique in the range of 6.14 : 13 nm but second technique in the range of 

8.8: 24.4 nm. In all cases, the grain size decreases with initial molar concentration increased 

(pH suspension), whereas grain size increases with the increase of calcination temperature. The 

reduction in grain size can be explained by the particle size effect, more specifically, the effect 

of surface stress [17]. 

The initial molar concentration (pH suspension) & calcination parameter with different 

techniques for sample preparation brought about different changes in the structural properties 

such as degree of crystallinity, lattice constant, unit cell volume, ionic radii, the distance 

between the magnetic ions and bond lengths on tetrahedral sites and octahedral sites of cubic 

spinel structure for each samples [18]. The   lattice constant (ao) can be calculated by Nelson -

Riley function and using a least square fit method, whereas the lattice constant for first 

technique in the range of 8.38: 8.51nm but second technique in the range of 8.42: 8.53 nm. 

Transmission Electron Microscope (TEM) measurement and Analysis:  

The Nano-Structure of the Co0.3 Zn0.7Fe2O4  nanoparticles praperated by Co-precipitation 

method with change in initial molar concentration (pH suspension) & calcination parameter (at 

100 °C and 600 °C), are investigated by HRTEM. 

The table (2) shows the Co0.3 Zn0.7Fe2O4  nanoparticles fabrication by two techniques.  The  

first technique  Fig.(a, b) show spherical  with uniform size with  the calcination temperature 

increased ,but second technique Fig.(c) show spherical  with uniform size at 100°C, but the 

calcination temperature increase for same sample at 600°C occurred change in  shapes 

(spherical and rods form ) with different size for particles as show in  Fig.(d) . 
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Technique (1) Technique (2) 

(a) 

  

  (c)   

 
 

 (b) 

 
 

(d) 

 

 

Table (2): TEM images  

 

Therefore, the HR-TEM results proved the XRD results that appear the nanoparticle size is 

dependent on the initial molar concentration (pH suspension) and calcination temperature. It is 

shown that the  particles in first technique  has a high degree of agglomeration but second 

technique  has a low degree of agglomeration  caused by mutual interaction between particles 

which arises from some parameters  such as Vander-walls forces, capillary forces and 

electrostatic forces. Adding hydroxide solution directly leads to complete the nucleation and 

growth in a few seconds that effects on agglomeration of particles. 

FT-IR analysis 

Pradeep and  Chandrasekaran are  proposed  M-O  stretching band in ferrites with  the 

frequency bands near 564-588 cm−1and 425-442 cm−1 which  refer to  the tetrahedral and  

octahedral clusters in ferrites form ,therefore in table (3)  show  FT-IR analysis are  confirms 

the presence of ferrites phase[19].   
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Table (3): The FTIR absorption bands for two techniques 

The cations distribution analysis  for  crystal structure in FT-IR spectra are  dependent on  the 

vibrational mode of tetrahedral and  octahedral  clusters but tetrahedral clusters is higher as 

compared to that of octahedral clusters, which is attributed to the shorter bond length of 

tetrahedral clusters. 

Therefore, FT-IR  analysis  tool to assess the  purity of a compound, from Table (3) show  the 

FTIR absorption bands for two techniques  at room temperature in the wave number range of 

400–2000 cm−1It is clear that the higher frequency band is (U1) around 600 cm−1and the lower 

frequency band (U2) is around 400 cm−1shows that in table (3),but in Fig(d)  the sample for 

second technique at 600°C has high purity and degree of crystallinity which confirms the 

presence spinal crystal structure. Therefore, the FT-IR results proved the XRD results that 

appear the cations distribution, crystal structure phase and degree of crystallinity. The highest 

one corresponds to the intrinsic stretching vibrations of the metal at the tetrahedral site, whereas 

the U2-lowest band is assigned to octahedral-metal stretching. [20, 21]. 

 

 

Technique (1) Technique (2) 

(a) 

  

(c) 

 
 (b) 

 
 

(d) 
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Magnetic properties: 

Fig. (5) Shows the hysteresis loop for all samples. Table (4) lists different parameters such as 

saturation magnetization (Ms), remanent magnetization (Mr), the ratio of remanent 

magnetization to saturation magnetization (Mr/Ms) and coercivity. 

 

Fig. (5): hysteresis loop 

 

Table (4): Magnetization data of Co0.3 Zn0.7Fe2O4 

 

The saturation magnetization for all samples by two techniques produced  at 100 C and 600 C 

is listed in Table 1 where show that the saturation magnetization in first technique  increases 

from 9.6503:17.592  emu/g but in second technique increases from 2.8989 :20.239   emu/g . 

This may due to Zn2+ (with zero magnetic moment) replace ion on the tetrahedral A–sites, 

causing the decrease of magnetic moment in the sublattice MA, resulting in the increase of total 

magnetic moment according to Neel’s equation two sublattice model of ferrimagnetism, the 

magnetic moment per formula unit in 
B

, nBN(x)  is expressed as: 

nBN(x)  =  MB(X) – MA(X) 
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B 
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       First 

100   9.6503  0.19535  0.02 186.09  0.413 

600 17.592  39.043E-3  0.00 11.992  0.753 

 

Second 

100 2.8989  99.179E-3  0.03 206.39  0.124 

600 20.239  0.71282  0.03 83.143  0.867 
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Where MBand MA are the B- and A- sublattice magnetic moment in 
B

respectively. 

Therefore, increase of calcination temperature for samples the saturation magnetization 

increases. This may be because increase in the lattice parameter, the exchange interaction 

between A and B sites gets higher resulting in strengthening of A-B interaction  and  weakening  

of B-B interaction , which leads to increase of saturation magnetization. 

There is positive relationship between grain size and coercivity (Hc) in the single domain region 

according to equation:  Hc = g − h
D2⁄ , where g and h are constants and ‘D’ is the diameter of 

the particle, this may be because  the thermal effects. But the multi domain region there is 

inverse relationship between grain size and coercivity Hc according to equation: Hc = a + b
D⁄ , 

where a and b are constants [22, 23, 24]. So, the coercivity reduction with increase in the initial 

molar concentration (pH suspension) & the calcination temperature with two techniques , 

which can be  attributed to the reduce  in anisotropy field for all techniques , which in turn 

reduces the domain wall energy for  first technique less than  second technique. These refer to 

results which the coercivity values reached in first technique from 186.09 to 11.992G and 

second technique from 206.39 to 83.143G. 

 

CONCLUSIONS 

The conclusions can be drawn from study of 𝐶𝑜0.3 𝑍𝑛0.7𝐹𝑒2𝑂4nanoparticles fabricated by Co-

Precipitation method within two techniques as following: 

1. The crystallite size depend on  the initial molar concentration (pH suspension) & the 

calcination temperature, where  the grain size for first technique in the range of 6.14 : 

13 nm but in second technique the range of  8.8: 24.4 nm when the calcination 

temperature increases from 100 to 600°C respectively. 

2. The crystallinity of 𝐶𝑜0.3 𝑍𝑛0.7𝐹𝑒2𝑂4nanoparticles might be improved by increasing 

calcination temperature but, the crystallinity for second technique better than first 

technique at 600°C. 

3. HRTEM indicates a reliance of particle size and the shape on the initial molar 

concentration (pH suspension) & the calcination temperatures. The particle size 

increases in the two techniques, but a nanoparticle has a higher agglomeration degree 

with the calcination temperature increase in first technique but the reverse occurs in 

Second technique. 

4. Hysteresis loop shows a reduction in corecivity with the initial molar concentration (pH 

suspension) & the calcination temperature for all techniques to approximate super-

paramagnetic behavior.  

5. All the coercivity values were low enough to emphasize that the ferrite was a soft ferrite 

or super-paramagnetic behavior. 

6. All laboratory results reveals that the initial molar concentration (pH suspension) & the 

calcination temperature play a major role to change its structural and magnetic 

properties significantly. 
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