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Abstract:Nano-crystalline  zinc-substituted  cobalt  ferrite  powders,  Co 1-xZnxFe2O4(X=0.0, 0.1, 0.3, 0.5, 0.7, 

0.9 and 1.0),  havebeen  synthesized  by  the  Co-precipitation method.  The  structural and  magnetic  

properties  ofthe  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).  X-ray analysis showed that the samples were cubic spinel.  The  increase  in  zinc  

concentrationresulted  in  an  increase  in  the  lattice  constant,  X-ray  density,  ionic  radii,  the  

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

spinelstructure.The HR-TEM and XRD shows that crystallite size within therange of 6–24 nm. The FTIR 

measurements between 400 and 2000 cm
-1 

confirmed the intrinsic cationvibrations of the spinel structure.The  

variation  of  saturation  magnetization  (Ms)  value  of  the  samples  was  studied and Magnetic coercivity.The 

magnetic measurements show that the saturation magnetization and coercivity decrease by increasing the zinc 

content. Furthermore, the results reveal that the sample with a chemical composition of Co 0.3 

Zn0.7Fe2O4exhibits the super-paramagnetic behavior. 

Keywords:Nano size, Co-precipitation method, Co 1-xZnxFe2O4, XRD, TEM, VSM, FTIR. 

 

I. Introduction: 
Nanoparticles  of  complex  metal  oxides  such  as  spinelferrites  are  thermally  and  chemically  

stable. The  nanoparticles  possess  great  potentials  for application  in  catalysis,  gas  sensors,  high quality 

ceramics  and  super  paramagnetic  materials  [1–2].  Theproperties  of  these  materials  mainly  depend  on  

their shape,  size,and  structure,  which  are  strongly  determined  by  the  synthetic  processes  [3–2].There  are  

several  different  synthesis  methods  usedto  fabricate  ferrites  as reviewedin  the  literature  including  sol–gel 

, combustion  methods  , hydrothermal,  mechano-chemical,  refluxing  andco-precipitation method [4–5,6–7]. 

The magnetic property can be altered by the addition of thezinc. Addition of zinc also affects the lattice 

parameter (a0).Various preparation techniques, such as reverse micelletechnique [8–9], sol–gel pyrolysis method 

[10] hydrothermal technique [11] and mechanical alloying [12] areused to prepare ferrite nanoparticles. But co-

precipitationmethod is considered to be economical means of producingfine particles[13,14].The electrical and 

dielectrical properties were also studied forCo–Zn ferrite, it was reported that the composition 

Co0.6Zn0.4Fe2O4has a high value of electrical conductivity, dielectric constant andmagnetic permeability[15,16]. 

Therefore, in this work we  structural and  magnetic  properties  of  nano-crystalline cobalt  zinc  ferrite  

in  relation  to  the  concentration  of  zinc  ,which are three metal element systems, prepared by Co-precipitation 

method. 

 

II. Experimental: 
2.1 Materials: 

All chemical re-agents—ferric chloride FeCl3, cobalt(II) chloride CoCl2, zinc(II) chloride ZnCl2and 

sodium hydroxide NaOH—were purchased from (El-Gomhouria Co. for Drugs) , Egypt and used as received 

without further treatment. 

 

2.2 Instrumentation: 

X-ray powder diffraction analysis was conducted on a Brucker Axs-D8 AdvaceDiffractometer (XRD). 

FTIR transmission spectra were taken on Perkin Elmer Spectrum BX model Infrared Spectrophotometer from 

2000 to 400 cm. 

High Resolution-Transmission Electron Microscopy (HR-TEM) analysis was performed on (JEOL 2000FX).  
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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. 

 

2.3 Procedures: 

The magnetization of substituted ferrite nanoparticlessynthesized by co-precipitation depends mostly 

on parameters such as reaction temperature, pH of the suspension,initial molar concentration etc. [17]. Ultra-fine 

particles of (Co 1-x ZnxFe2O4. with x = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1 .The  defined  from A1 , A2 ,A3 ,A4 , A5 

, A6 and A7 respectively) wereprepared by co-precipitating aqueous solutions of CoCl2,ZnCl2 and FeCl3 

mixtures, respectively, in alkalinemedium. The mixed solution of CoCl2, ZnCl2 and FeCl3in their respective 

stoichiometry (100 ml of 0.1 M CoCl2, 100 ml of 0.9 ZnCl2and 100 ml of 2 M FeCl3in the case of Co 0.1 Zn 0.9 

Fe2O4and similarly for the other values ofx) was prepared and kept at 60 ºC. This mixture was added tothe 

boiling solution of NaOH (1 M dissolved in 1200 mlof distilled water) within 10 s under constant stirring. 

Nanoferrites are formed by conversion of metal salts intohydroxides, which take place immediately, followed 

bytransformation of hydroxides into ferrites. At first solidhydroxides of metals in the form of fine particles 

wereobtained by the co-precipitation of metal cationsinalkaline medium (co-precipitation step): 

 

(1-χ) Co
2+

  + χ Zn
2+

 + 2Fe
3+

  + 8OH
- 
 →(1- χ) Co(OH)2 × χ Zn(OH)2 × 2Fe(OH)3↓ 

The solid solution of metal hydroxides was transformed to complex zinc substituted ferrites when subjected to 

heating in the alkaline medium: 

(1-χ) Co(OH)2 × χ Zn(OH)2 × 2Fe(OH)3 →
Δ
 Co1-x ZnxFe2O4* nH2O. 

The solutions were maintained at 80 ºC for 2 h. This duration was sufficient for the transformation of 

hydroxides into spinel ferrite (dehydration and atomic rearrangement involved in the conversion of intermediate 

hydroxide phase into ferrite)[17]. Sufficient amount of fine particles were collected at this stage by using 

magnetic separation. These particles were washed several times with distilled water and dried at 100Cº 

temperature. 

 

III. Results and Discussions: 
3.1. Physical characterization: 

The X-ray diffraction patterns (fig 1) of the prepared samples, Co1-xZnxFe2O4(with x = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 

and 1.0) exhibited. 

The (6) reflection planes (2 2 0), (3 1 1), (4 0 0), (4 4 2), (5 1 1), and (4 4 0),that indicate the presence of the 

spinelcubic structure [18]. 

 
Fig. (1) 

 

The nature of the peak changes by the change in composition. The absence of extra peaks than due to 

the spinel phase of ferrite, indicates that all the compositions contains only single phase of spinel structure. The 

patterns indicate well- defind peaks of crystalline FCC phase which confirm spinel cubic structure formation. 

No additional impurity reflections due to phase purity. The crystallite size of the studied samples calculated 

using. Debye- Scherrerformula isin(fig.2, 3) shows the variation of crystal size and lattice constant with Zn 

content the ferrites. The zinc  substitution  process  brought  about  different  modifications  in  the  structural  

properties  such  as  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  the  produced  

cobalt  ferrite  crystallites.  These properties of Co–Zn ferrite increase as the concentration of zinc increases.  

These  findings  could  be  attributed  to  the  higher  ionic radius  of  zinc  than  that  of  cobalt  species  [19]. 
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Fig. (2) 

 

 
Fig. (3) 

 

Furthermore, substation of Zn ions will cause migration of Fe
3+ 

from A-site to B-site causing an overall 

change of  the lattice. The increase in intensity of (220 )and (422) reflections by increasing Zn content reveals 

that Zn ions occupy A-site, therefore the spinel structure  transfer gradually to inverse spinal structure by 

increasing Zn. The shifts in peak positions are due to thesubstitution of Zn in Co Fe2O4 lattice and the 

subsequent formation of Zn Co ferrite nanoparticles. The XRD patterns also show a slight shift in peaks position 

towards higher d-spacing values with increasing Zn content in the ferrite. Therefore the Co Zn ferrite system has 

unit cell consisting of eight formula units of the form [ZnX
2+ 

Fe1-X 
3+

]A[Co1-X 
2+ 

Fe1+X
3+

]B O4
2- 

. The Zn
2+ 

ions 

have preference for tetrahedral site whereas Co For octahedral site.[20, 21]. 

 

3.2 Transmission Electron Microscope (TEM) measurementand Analysis:  

Prepared  samples  were  characterization  by TEM  as  shown  in  Fig (4) to fig (10).Analysis of 

TEMmeasurements shows that average particle size is nearly 24nm. 

 

 
Fig. (4).TEM images of A1 
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Fig. (5).TEM images of A2 

 

 
Fig. (6).TEM images of A3 

 

 
Fig. (7).TEM images of A4 

 

 
Fig. (8).TEM images of A5 
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Fig. (9).TEM images of A6 

 

 
Fig. (10).TEM images of A7 

 

3.3 FTIR analysis: 

In the FT-IR spectra the frequency bands near 564-588 cm 
-1

 and 425-442 cm
-1

 are assigned to the 

tetrahedral and  octahedral clusters and confirms the presence of M-O  stretching band in ferrites as suggested 

by Pradeep and  Chandrasekaran [22]. The authors suggested that the vibrational mode of tetrahedral clusters is 

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

clusters. 

So, FT-IR not only used to collect information about the structure of a compound, but it is also utilized 

as an analytical tool for assessing the purity of a compound. Fig. 6 exhibits the FTIR absorption bands for 

various zinc concentration spinel ferrites at room temperature in the wave number range of 400–2000 cm
-1

 It is 

obvious that the higher frequency band is (U1) around 600 cm
-1 

and the lower frequency band (U2) is around 

400cm
-1

 shows that in fig (11) . 

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 [23, 24]. 

 

 
Fig.(11) 

 

3.4. Magnetic properties: 

3.4.1. Saturation magnetization 

Fig. (12,13,14) Shows that as the zinc content increases, the saturation magnetization and coercivity 

decrease and lead to the superparamagnetic behavior [25]. Also this figure exhibits the low field onset of 
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A3sample for better visualization of magnetic coercivity. The reduction in magnetization from 38.443to 

2.237Am
2
/kg (Table 2) can be expressed as follows: 

 

 
Fig. (12) 

 

 
Fig (13) 

 

 
Fig (14) 

 

a) Weakening of A–B interactions: as zinc replaces some of the Co ions, the magnetic coupling weakens 

because zinc itself does not carry the magnetic moment. The mechanism of the substitution can be described by 

replacing cobalt cations by non-magnetic zinc cations[Zn X
2+ 

Fe 1-X 
3+

] A [Co1-X 
2+ 

Fe1+X
3+

] B O4
2- 

which prefer the 

tetrahedral sites. At high concentrations of Zn
2+   

approximately for (X> 0.5), it leads to the weakening of the A–

B interactions and thus leads to a disturbance of the spin ordering, causing the destabilization of the magnetic 

ordering. 

 

b) Size reduction: as the zinc concentration increases, the particles size and the degree of crystallinity 

decrease. The existence of some degree of the spin canting in the whole volume of the nanoparticles and the 

disordered surface/dead layer at the surface can explain the decrease of the saturation magnetization [26]. 

In other words, at Zn concentration (0.7) the particles become super-paramagnetic, the powders cannot 

be saturated easily and the magnetic moments within a particle rotate easily with temperature [25]. Additionally, 
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the lack of oxygen to mediate the super-exchange mechanism between the nearest iron ions on the surface can 

lead to a decrease in the exchange couple, resulting in slanted spins and a decrease in the nanoparticle saturation 

magnetization. This can also be attributed to the enhancement of the surface barrier potential due to the 

distortion of the crystal lattice caused by the atoms deviating from the normal positions in the surface layers 

[27–28]. 

 

 

 

 

 

 

 

 

Table  (1).   Magnetic parameters 

 

3.5.2. Magnetic coercivity 

The reduction in magnetic   coercivity   with the Zn content from 120 to 1.6 Am
2
/kg show in fig(15) can be 

described as follows: 

 

 
Fig (15). 

 

a) Size effect: as the particle size decreases below a critical size or magnetic exchange length, Lex, HC 

follows a D
6
 power law {Eq. (1)}[29], where A is the exchange stiffness constant, and PC is a constant of the 

order of unity .Lex can be expressed as Lex= 
A

K1
 .The critical size of Co–ferrites for the single domain behavior, 

depending on composition, is between 30 and 70 nm[30].That is, for D>>DCrit, one would expect HC to decrease 

by increasing the crystallite size as the system enters the multi-domain region. 

 

Hc =
PcK1

4D6

μ0  Ms
A4

                                                      (1) 

 

b) Magneto-crystalline anisotropy: the large coercivity in bulk stoichiometric CoFe2O4 has traditionally 

been explained by the single-ion anisotropy model, arising from the contribution of the orbital magnetism of of 

Co
2+ 

ions at the [B]sites (CoFe2O4,high-spin Co
2+

 ions). That is, when the Co
2+ 

ions migrate from the octahedral 

sites to the tetrahedral ones because of the variations in the inversion, the coercivity decreases due to the less 

anisotropic environment of the tetrahedral sites. CoFe2O4 is only weakly anisotropic at room temperature 

because of the presence of low-spin Co
2+

 ions [31]. 

In addition to the Co migration, another reason is the angular momentum of the zinc ion. Zn
2+

has a zero 

angular momentum (l=0) and does not contribute to magneto-crystalline anisotropy.As the zinc ion (l=0) 

replaces some of the Co ions (d
7
, l≠0), thespin–orbit coupling weakens because zinc itself does not carrythe 

angular momentum; consequently, the magnetic anisotropyand magnetic coercivity will decrease{Eq. (2)}. 

Another possible factor influencing the magnetic properties would be thestress anisotropy due to the large 

magneto-striction of CoFe2O4(λs= -260×10
-6

) because different particles exhibit diversemicro-strain values. By 

increasing the Zn content the magnetostriction coefficient of ferrite will decrease. In this equation theK1is the 

magnetic anisotropy andMSis the saturation magnetization. 

 

HC =
2K1

MS
(2) 
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Sample Ms((emu/g) Mr(emu/g) Mr/Ms Hc( Am2/kg) 

A1 2.237 0.69356 0.31004 56.211 

A2 4.4468 1.2045 0.27086 120.989 

A3 2.8989 9.92E-02 0.0034 1.6225 

A4 22.01 0.75759 0.0344 10.8328 

A5 39.267 1.0852 0.0276 3.6432 

A6 51.481 10.302 0.2001 27.1995 

A7 38.443 2.0775 0.0540 9.7378 
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IV. Conclusions: 
Using chloride of nickel, cobalt, and iron in combination with sodium hydroxide, fine cobalt doped 

zinc ferrite powders have been successfully synthesized Co-precipitation method. This suggests that this method 

is suitable not only to synthesize two metal systems but also systems containing three metals and economical 

chemical co-precipitation method. The Co–ferrite, which is a kind of inverse spinel oxide, and belongs to a 

square group Oh
7(Fd3m), has been widely investigated because of its cubic magneto-crystalline anisotropy, 

relatively high coercivity, moderate saturation magnetization and good chemical stability.Also, the 

microstructural and magnetic properties were discussed in detail: 

 

1. The XRD patterns revealed that the spinel cubic structure is formed for the synthesized materials. 

2.  The growth of particles is obstructed by the presence of zinc so that the average particle size decreases 

from 24 nm to 6 nm as the concentration of zinc is increased from X=0 to X=1. A possible reason may be 

the difference in the formation of the enthalpy of ZnFe2O4and CoFe2O4, which modifies the growth 

conditions. It may also have some relation to the fact that all the cation preferences are not satisfied when 

Zn is introduced in the Co–Zn ferrite. 

3. By increasing the zinc content the lattice parameter isdecreased as a result of the high ionic radius of Zn
2+

 

and the decrease in grain size. 

4. As the zinc content increases the saturation magnetization, the coercivity decreased and the best 

composition is about Zn=0.7. 
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