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   The compound Nix-1ZnxFe2O4 (0≤x≤1) was prepared by co-precipitation method. The 
structural and morphological aspects were evaluated by X-ray powder diffraction (XRD), 
scanning electron microscopy (SEM), infrared Spectroscopy (FTIR), The magnetic 
properties were evaluated using vibration Sample magnetometer (VSM). The replacement 
of zinc in the Nix-1ZnxFe2O4 nanocrystals increased the lattice parameter of the ferrite 
nanoparticles monotonically from 8.388 to 8.422 Å and decreased the size of the 
nanocrystals from 16.56 to 12.95 nm. FTIR spectroscopy showed that replacement with 
Zn up to x = 0.5 in Nix-1ZnxFe2O4 nanocrystals led to the migration of iron ions from 
tetrahedral to octahedral sites, which led to an improvement in the value of the saturation 
magnetization which reached to 47.6 emu / g. At the same time, the coercivity decreased 
from 45.2 Oe to 10.6 Oe due to the increment   in zinc content except for the sample x = 0.5. 
 

Keywords: Co-precipitation, Ni–Zn magnetic nanoparticles, Spinel structure, 
SEM. 

 
 1.Introduction 
The multifunctionality in the use of 
nanomaterials results from their distinctive 
physical and chemical properties compared to 
other types of materials. The availability of 
specific properties of spinel ferrite MFe2O3 (M 
= divalent metal ion) makes it extremely 
important in several fields of applications for 
example in magnetic storage devices, Ferro 
fluids , catalysts, rod antennas, electrodes in 
energy storage devices, microwave devices [1-
4] , spintronic devices [5], magnetically 
recoverable catalysts [6-7], Nano-carriers for 
drug delivery [9,10]. The structural and 
magnetic properties of this type depend mainly 
on the positive distribution between positions 
(A) and (B) in the face-centered cubic spinel 

structure [11], stoichiometry, and the method 
of synthesis [12]. 
NiFe2O4 is a soft magnetic material that has 
many applications in various technological 
fields due to its magnetic properties, low eddy 
current losses and catalytic behavior. The 
distribution and type of cations in octahedral 
and tetrahedral positions control the magnetic 
properties of nickel ferrite. In addition to the 
preparation methods that determine the 
structural properties of the resulting materials 
through particle size [13]. There are a variety 
of ferrite spinel that have attracted a great deal 
of interest. The Ni-Zn mixed type showed 
outstanding properties in magnetism, most 
versatile to use, and good chemical stability 
[14,15]. 
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2.Synthesis of Ferrite Nanoparticles 
Chemical co-precipitation method had been 
used to prepare the magnetic nanoparticles Nix-

1ZnxFe2O4 where (x= 0 to 0.5). Stoichiometric 
amount of the reactants of FeCl3 , NiCl2.6H2O 
and ZnCl2 were dissolved in separate beakers 
contain 100ml with de-ionized water. The 
dissolved salts were mixed in another beaker 
with continuously stirring getting aqueous 
solution. Furthermore 5g of NaOH was 
dissolved individually in 100ml of de-
mineralized water. The base solution is 
regularly drips into metal salt solution at  (27-
30℃ ) with continuously stirring. The pH of the 
solution is adjusted to 12.5 in order to ensure 
the precipitation of all metal ions. The solution 
color had changed to black. 
Then the precipitate solution was heated at 
90℃ for an hour with constant stirring and left 
to cool at room temperature. The precipitates 
settle down in the beaker bottom. The 
precipitates are separated by filter paper and 
washed for several times with de-mineralized 
water until neutralize the out products water. 

Small amount of  the obtained product was 
dried at 50℃  to examine phase composition by 
XRD analysis,  and studying the morphology, 
and size through using FESEM images. The wet 
product had re-dispersed in the NaOH solution 
)pH=13) by stirring the mixture for 1 hour, this 
process made it ready to the upcoming step.  In 
order to avoid the coalescence of the adjacent 
particles mostly happening in the sintering 
process at high temperature, where the 
particles became in contact with each other. So 
the next step of the preparation method is the 
heat treatment to be carried out by 
hydrothermal method. The colloidal solution 
transferred to the Teflon covered autoclave 
reactor of 200 mL capacity. The  Autoclave is 
sealed and placed in furnace at 220℃ for 3 h,  
then autoclave has been allowed to cool down 
at room temperature naturally. One more time 
the colloidal solution is filtered and frequently 
washed with de-mineralized water until 
neutralized the discharged solution that is 
finally dried at 50℃ . 

 
3.Results and discussion 
3.1.XRD Analyses 
Figure 1. illustrates the XRD pattern of samples 
Nix-1ZnxFe2O4 (x=0-0.5) prepared by co-
precipitation method. it was noticed that the 
formation of single phase Nix-1ZnxFe2O4 was 
consistent with the powder diffraction file of 
(JCPDS Card No. 22-1086 with a = 8.381 Å for 
NiFe2O4 and JCPDS Card No. 89-1012, with 
a=8.433Å for ZnFe2O4 ,respectively ). The 
analysis Diffraction pattern using (2 2 0), (3 1 
1), (4 0 0), (4 2 2), (5 1 1), (4 4 0), (6 2 0), and 
(5 3 3) reversal levels confirm the formation of 
the cubic spinel structure. The lattice constant 
in the crystal structure can be calculated by 
using equation (1) where (d) is the distance 

between two adjacent planes in the crystal and 
(hkl) Miller's indices. 
1

𝑑2 =
ℎ2+𝑘2+𝑙2

𝑎2     …. (1) 

The crystal size of the samples was 
determined, according to Eq. (2). Which shows 
the mean crystal size and standard deviation 
from XRD with the change in the values of x. 
Where (D) represents the average crystal size, 
(λ) the wavelength of the X-ray used = 1.5406 
Å,  (K) a constant (0.94), β Full width at Half 
Maximum (FWHM) measured in radial units  , 
(θ) the Bragg angle, and ( 𝜀) strain . [16] 

𝛽 cos 𝜃 =
𝑘𝜆

𝐷
+ 4𝜀 sin 𝜃     ….. (2) 
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Fig. 1 XRD spectra of the Nix-1ZnxFe2O4 nanoparticles synthesized by co-precipitation method. 

  
Table1 shows Plotting the lattice parameter as 
a function of x amount of zinc substitution Nix-

1ZnxFe2O4 derived from the XRD spectra. It can 
be seen that in this case, the lattice parameter 
increases linearly with increasing x, since zinc 
cations with ionic radius (0.82 Å) replace Ni 
cations with ionic radius (0.78 Å) and thus the 
crystal expands slightly and this is in 
agreement with Wiegard's law. The increment 

of the lattice constant with the increasing of 
zinc concentration is within the range of the 
lattice constants for     NiFe2 O4 and ZnFe2 O4 
[14,17]. 

 
 
 
 

Table1 X-ray analysis of  Nix-1ZnxFe2O4 (0≤x≤0.5) samples. 
Crystallite 

size  D (nm) 
Strain 

)3- (×10ε  
Lattice 

parameter a 
(Å) 

Zn content 
(x) 

Composition 

16.56 0.000226 8.388 0 NiFe2O4 
14.03 0.000314 8.392 0.1 Ni0.9Zn0.1Fe2O4 
14.77 0.000525 8.402 0.2 Ni0.8Zn0.2Fe2O4 
13.68 0.000575 8.411 0.3 Ni0.7Zn0.3Fe2O4 
13.91 0.000823 8.417 0.4 Ni0.6Zn0.4Fe2O4 
12.95 0.00122 8.422 0.5 Ni0.5Zn0.5Fe2O4 

 
The strain is lowest in the sample containing a 
higher concentration of nickel and increases 
with increasing zinc concentration.  Doping of 
Zn2+ ions at the Ni2+ site increases the lattice 
strain because of the large ionic diameter of the 
zinc ions [18]. 
3.2.SEM analysis 

Fig. 2 SEM images of the ferrite structure Nix-

1ZnxFe2O4 . show that the grain size of all 
samples ranged from 52nm to 78nm. An 
increase in zinc substitution leads to an 
increase in the grain size. We note that the 
granules are formed regularly and the 
agglomeration increases with the increase in 
the zinc content. 
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Fig. 2 SEM image of the synthesized Nix-1ZnxFe2O4 (0≤x≤0.5) nanocrystals. 

 

3.3. FTIR analysis 
Fig.3 shows the FT-IR spectra of the compound 
Nix-1ZnxFe2O4 and confirms the formation of the 
spinel structure, which is consistent with X-ray 
analysis. Two of the main absorbances are 
within the range (590-370 cm-1) where 
connections are observed in the range (587-
541 cm-1 ) and (437-374 cm-1 ). These bonds 
are due to the vibration of both tetrahedral and 
octahedral metals with oxygen (M-O) in the 

lattice, respectively [19]. We note the change in 
the frequency of the bonds with the change in 
the content of zinc ions . 
From the table 2, we find that the values of   υ1 
decrease while   υ2   increases with the increase 
in the content of zinc ions due to the presence 
of added zinc ions with the largest ionic radius 
and the largest atomic weight at the 
tetrahedral sites, which makes 
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Fig. 3 FT-IR spectra of Nix-1ZnxFe2O4 (0≤x≤0.5) nanoparticles. 
The iron ions move to the octahedral sites, 
leading to the reduction of tetrahedral 
vibration frequency. For the same reason, the 

migration of iron ions to the octahedral sites 
leads to an increase in the octahedral vibration 
frequency [20,21]. 

Table 2 FT-IR absorption band frequencies of Ni1−xZnxFe2O4 (0≤x≤0.5) nanocrystals. 
 
 
 
 
 
 
 
 
 
 
 
3.3.VSM analysis 
The magnetic properties of the compound were 
examined using a magnetometer (VSM) at 
room temperature. The figure shows (M-H) 
curves for compounds Nix-1ZnxFe2O4 and the 

values of saturation magnetization, coercion 
and residual magnetization extracted from (M-
H) curves are listed in the table (3). 

Table .2 Magnetization measurements on Nix-1ZnxFe2O4 (0≤x≤0.5) samples. 
 

Composition Zn content (x) Saturation 
Magnetization 
(Ms) emu/gm 

Coercivity (Hc) 
Oe 

NiFe2O4 0 1.6 45.2 

Ni0.9Zn0.1Fe2O4 0.1 2.7 39.4 

Ni0.8Zn0.2Fe2O4 0.2 8.3 35.5 

Ni0.7Zn0.3Fe2O4 0.3 9.2 14.3 

Ni0.6Zn0.4Fe2O4 0.4 47.6 10.6 

Ni0.5Zn0.5Fe2O4 0.5 18.4 248.4 

 

Composition  Zn content (x) FT-IR frequency bands (cm−1) 
A-site (tet) υ1 B-site (oct) υ2 

NiFe2O4 0 587.93 374.19 

Ni0.9Zn0.1Fe2O4 0.1 563.21 387.69 

Ni0.8Zn0.2Fe2O4 0.2 559.35 399.26 

Ni0.7Zn0.3Fe2O4 0.3 551.64 416.41 

Ni0.6Zn0.4Fe2O4 0.4 549.71 432.48 

Ni0.5Zn0.5Fe2O4 0.5 541.97 437.42 
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Fig. 4   Hysteresis curves of Nix-1ZnxFe2O4 (0≤x≤0.5) nanocrystals at room temperature. 

The saturation magnetization value of Nix-

1ZnxFe2O4 in the (M - H) curve is increasing 
with the increase of zinc ions content and this 
is consistent with (FTIR) analysis. The increase 
in saturation magnetization is described on the 
basis of the Neale model for subnetworks. The 
magnetic behavior depends on the occupancy 
of tetrahedral and octahedral sites in 
ferromagnetic (Fe3+, Ni2+) and non-magnetic 
(Zn2+) ions. 
Occupancy of the zinc ions replaced by nickel 
ions on tetrahedral sites bring about the 
relocation of iron ions to octahedral sites due 
to their bias polarization effect. The 
distribution of the cations depends on their 
electronic arrangement as well. The decrease 
in saturation magnetization at (X = 0.5) is due 
to the ratio of zinc ions to the number of iron 
ions in the tetrahedral sites, which leads to a 
weak (A-B) reaction and a change in the (B-B) 
reaction from a ferromagnetic to an 
antiferromagnetic state [21,22,23]. 
The coactivity of the compound declines with 
the increment of the zinc ions concentration 
except sample (x= 0.5) due to the decline in 
magneto-crystalline anisotropy Because the 
anisotropy of zinc is less than that of nickel 
[24]. It is noted that the coercion increases for 

x = 0.5. This indicates that in the Ni-Zn nano-
ferrites, coercivity due to anisotropy is the 
main contributor. In the case of Ni-Zn 
nanocrystal line ferrites, the presence of a 
facile magnetic axis is unknown. Participation 
of the disparity of form is dominant in the 
coercion mechanism. It is also known that 
factors such as the grain size, the size of the 
domains, and the nature of the domains have a 
strong influence in finding the coercivity of a 
substance [25]. 
 
4. Conclusion 
 It was experimentally studied how a 
compound Nix-1ZnxFe2O4 affected by zinc 
doping. These samples were prepared by co-
precipitation and various structural and 
magnetic measurements were made on them. 
The crystalline size of the as-synthesized 
nanocrystals was calculated using Williamson-
Hall formula within the range of 1.4-19.6 nm. 
VSM showed that both magnetic properties are 
due to competition from ferromagnetic Ni2+, 
Fe3+ and non-magnetic Zn2+ ions, and to 
tetrahedral and octahedral occupations sites. 
The FTIR Spectroscopy showed that the 
substitution with Zn in Nix-1ZnxFe2O4 
nanocrystals cause iron migration from 
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tetrahedral sites to octahedral sites. 
Furthermore, it has been shown that, as in the 
bulk case, Zn2+ cations are preferred to replace 
Fe3+ ions at the tetrahedral sites.  
VSM measurements, showed an increase in 
saturation magnetization (Ms) with Zn/Ni 
content and a decrease at (HC). This is due to 
the increased content of Fe3+ ions at the 
octahedral sites. This increase in saturation 
magnetization is highest in the case of 
Ni0.6Zn0.4Fe2O4 nanoparticles.  And all samples 
exhibited an ultra-magnetic behavior. 
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