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Abstract. The Zinc Nickel Cobalt Ferrite (ZNCF) Zn0.95−xNi0.05CoxFe2O4, for x= 0.01, 0.02, 0.03, 0.04, 0.05 and 0.06 were
prepared by co-precipitation. XRD patterns show spinel ferrite with a cubic structure. The lattice parameter was found to increase
linearly with cobalt concentration (x). FESEM gave the grain sizes in the range 1.61-1.38nm and particle size in the range 28-21
nm for x = 0.01 to 0.06. The porosity was in the range 92.6-92.9 %. The occupancy of metal ions in the two interstitial sites affects
the exchange interaction. The higher grain size and lower porosity have a positive impact on magnetic saturation which makes
them applicable in recording media.
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INTRODUCTION

The ferrites are highly exploited in recording, medical,
fluidity, catalyst, storage, and communication purposes
that are activated by magnetic fields. Nickel−Zinc ferrites
are soft magnetic materials with high electrical strength
and low coercivity, making them a good choice for power
transformers in electronic and telecom applications [1].
Co2+, Mg2+, Mn2+, and Cu2+ like metal ions can be
substituted for Ni−Zn ferrites to change their properties.
Their hardness, resistive, chemically stable−like proper-
ties made them cheap but highly used for high-frequency
purposes. These properties are highly tuned with the
cobalt substitution. Cobalt substitution in zinc-nickel fer-
rite system is highly efficient in electromagnetic wave
absorption working in high-frequency conditions [2].

The tunable magnets and compressors [3, 4] radio an-
tenna rods [5], transformers cores, etc. are made by
Ni−Co−Zn, Ni−Cu-Zn, Ni−Cd−Zn, Co−Ni−Zn type
of ferrites. We have studied varieties of ferrites with dif-
ferent modes with different methods of preparation [6, 7,
8, 9, 10]. The ferrite polycrystalline is used for achiev-
ing harder, resistive and stable ferrites. In some cases,
soft ferrites are more appropriate for special functions.
The cobalt substitution generally lowers the sintering
temperature significantly [11]. Lowering the sintering
temperature will make the experiment more feasible in
most laboratories. The exchange interaction can easily be
studied at different frequencies. The cation distribution is
obtained at the time of the dielectric and electric proper-
ties study. We have recently studied NZCF nanoparticles
concerning their structural, morphological, and magnetic
properties at room temperature [8].
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In this work, we have focused on structural, morpho-
logical, and magnetic properties with the use of XRD,
FESEM, and VSM respectively.

EXPERIMENTAL PROCEDURE

The co-precipitation method is one of the soft chemical
routes which is used for the preparation of the nanoferrites
Zn0.95−xNi0.05CoxFe2O4 (x=0.1,0.2,0.3,0.4,0.5) with ap-
propriate composition of AR grade aqueous solution in
the appropriate ratio of Nickel, Zinc, and Cobalt nitrates
against ferric citrate in the equal ratio [11, 12, 13]. This
citrate help to make the particles less soluble and decom-
poses at a lower temperature less than 873 K [14, 15].
Dropwise mixing of ammonium makes the solution neu-
tral and is dried for 10-12 hours after the addition of ethy-
lene glycol. The puffy and porous precipitation was found
which is then dried to get the gel. Self-ignition makes this
gel powder which is then calcined at 800◦C for 2 hours re-
moving carbon residuals. For the study of magnetic prop-
erties, the sample is pressed in the die of 12mm diameter
and 2mm thickness with a hydraulic system of 5 tons for
5 minutes. The pallet is then sintered in between 900-
1200◦C for 2 hrs. Riken BVH-50 VSM was used for its
magnetic properties.

FIGURE 1. Preparation of the ZNCF samples by Co-
precipitation method.

FIGURE 2. Puffy and porous ZNCF samples obtained after
co-precipitation.
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FIGURE 3. Puffy and porous ZNCF samples obtained after
co-precipitation.

RESULT AND DISCUSSION

X-ray Diffraction (XRD) Study

The XRD patterns Zn0.95−xNi0.05CoxFe2O4 (ZNCF) sam-
ples are shown in figure 2. The highest peak is at the
311 plane and other peaks are at (111), (220), (311),
(222), (400), (422), (511), and (440) planes. The pattern
matches JCPDS file No. 08–0234 indicating their pure
spinel ferrite with cubic structure [16].
The lattice constant was calculated using

a = d
√
(h2 + k2 + l2) (1)

where h, k, and l are the Miller indices of the crystal
planes and d is the inter-planar distance for the hkl planes.
An increase in the lattice constant was observed with an
increase in the zinc doping concentration due to the com-
parable sizes of Co2+ (0.78 Å) and Z2+ (0.83 Å), thus
the influence of the zinc concentration on the lattice con-
stant depicted in FIGURE 3 followed Vegard’s law [17,
18]. Debye-Scherer’s formula was used to calculate the
average crystallite size of the samples:

D = 0.89λ/βCosθ (2)

Where λ is the incident wavelength of the Cu Kα radi-
ation for the XRD, β is the full width at half maximum
(FWHM) in radians on the 2θ scale, θ is Bragg’s an-
gle, and D is the crystallite size in nm. The crystallite
size of the samples increased due to the replacement of
the smaller radius Co2+ ions with larger-radius Zn2+ ions.

FIGURE 4. X-ray diffraction pattern of Zinc ferrite

Field Emission Scanning Electron
Microscope (FESEM) study

The microstructures of the Zn0.95−xNi0.05CoxFe2O4 (x=0.1,
0.2, 0.3, 0.4, 0.5) obtained from FESEM are as shown in
Figure 3 (a-f). The different structural and morphological
data obtained are listed in Table 1. The average grain
size obtained from the line intercept method was found to
be in the wider range of 1.61-1.38nm than that of NZCF
[16]. Similarly, the particle size was found in the nar-
rower range of 28-21 nm with a nearly spherical shape.
They are agglomerated at higher sintering temperatures.
The density percentage is in the narrower range of 92.6-
92.9 %. The porosity is in the range of 7.1-7.9%. The
data obtained are appropriate for recording media.

Vibrating Sample Magnetometer (VSM)
Study

The magnetic saturation (Ms), magnetic remanence (Mr),
and coercivity (Hc) of the cobalt substituted Zinc-Nickel
ferrites at room temperature are calculated from the hys-
teresis loops as shown in Figure 4(a) to 3(f) respectively
for (a) 0.01 (b) 0.02 (c) 0.03 (d) 0.04 (e) 0.05 (f) 0.06.
The Ms is decreasing with cobalt concentration due to
the interaction of metallic cations in the interstitial sites
A and B [8, 19]. The magnetic anisotropy and magnetic
moment created are due to the orbitals of Co2+ ions.
The nonmagnetic nature of Oxygen ions makes the two
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TABLE I. Structural variation of ZNCF

S.N. Sample Lattice Parameter Density(%) FWHM Porosity Grain size (D nm) Particle size (nm)
1. 0.01 8.387 92.6 0.279 7.1 1.61 28
2. 0.02 8.389 91.4 0.276 7.0 1.60 27
3. 0.03 8.392 91.7 0.232 6.1 1.52 22
4. 0.04 8.395 90.9 0.255 7.8 1.45 22
5. 0.05 8.396 92.5 0.271 8.1 1.40 21
6. 0.06 8.398 92.9 0.275 7.9 1.38 21

FIGURE 5. FESEM microstructure of Zn0.95−xNi0.05CoxFe2O4 for x= (a) 0.01 (b) 0.02 (c) 0.03 (d) 0.04 (e) 0.05 (f) 0.06

magnetic ions apart in the ferrite lattice thereby creating
the superexchange correlation between those magnetic
and non-magnetic ions. This led to the super-exchange
interaction among the magnetic ions with neighboring
nonmagnetic ions. However, the vacancy created in the
absence of oxygen on the surface might be occupied by
the impurity ions thereby creating the spin disorder that
breaks the exchange among the magnetic ions [20]. The
ferrite is pure. Instead, the value of Ms is decreased.
The first decreasing and increasing pattern is seen in the
coercivity with the amount of cobalt as shown in Figure 4
for ZNCF. Coercivity is directly proportional to the mag-
netocrystalline anisotropy constant which is the result of
the spin-orbit coupling due to the Co2+ ions. The domain
wall is then decreased showing the superparamagnetic
particles in totality. In addition, the coercivity is reduced
due to the grains behaving as the magnetic dipole due to
magnetic saturation which is degraded with the porosity
in the lattices [3]. On the other hand, the Zn2+ ions enter-

ing the CoxFe2O4 spinel lattice might have caused the dis-
appearance of the spin-orbit coupling, which determines
the magnetic anisotropy in the nanocrystalline ferrites.
Hence, the addition of Zn2+ into the CoxFe2O4 spinel lat-
tice decreased the magnetic anisotropy, which increased
the domain wall energy resulting in a decrease in the Hc of
the ZNCF samples with increasing x from 0 to 1.0. This
variation in Ms and Hc values can be attributed to the dif-
ference in cation distribution in the ZNCF samples [21].
In addition, the spin canting and size effect in the ZNCF
samples could have affected the magnetic properties. Ac-
cording to the reported results, the ZNCF displayed an
antiferromagnetic behavior with a normal spinel struc-
ture (Zn2+)Td[Fe3+Fe3+]OhO2−

4 within which all of the
Zn2+ cations were located at the tetrahedral [A] sites and
the Fe3+ cations were at the octahedral [B] sites with
antiparallel moments [22]. Thereby, the substitution of
nonmagnetic ions with a preferential [A] site occupancy
resulted in a reduction in the exchange interactions be-
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tween the [A] and [B] sites. Hence, it is possible to
change the magnetic properties of ZNCF by varying the
degree of zinc substitution. In general, the chemical com-
position, cation distribution, structure, grain size, defects,
and internal strain can influence the magnetic proper-
ties of spinel ferrites. In short, the superparamagnetic
property is seen in (Zn2+)Td[Fe3+Fe3+]OhO2−

4 with the
medium concentration of the cobalt under consideration.

CONCLUSION

The Zn0.95−xNi0.05CoxFe2O4 for x= 0.01, 0.02, 0.03,
0.04, 0.05 and 0.06 were successfully synthesized with
the co-precipitation method. The XRD patterns show
their spinel structure with ferrimagnetic nature. On in-
creasing the cobalt concentration, the values of lattice
parameter a (A°) raise due to the higher ionic radii of
the substituents. The magnetic saturation (Ms) decreases
with cobalt content showing superparamagnetic nature.
FESEM gave the grain sizes in the range 1.61-1.38nm
and particle size in the range 28-21 nm for x = 0.01 to
0.06. The porosity was in the range 92.6-92.9 %. The
properties investigated in this work show sufficient index
for high-density recording media and other allied appli-
cations.

EDITORS’ NOTE

This manuscript was submitted to the Association of
Nepali Physicists in America (ANPA) Conference 2021
for publication in the special issue of Journal of Nepal
Physical Society.
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