
1. INTRODUCTION

Since Ni-Zn ferrite has a relatively high magnetic 
permeability and low loss in the wide frequency range, it 
has been extensively used in many applications such as 
inductor, transformer, and wireless power charger, etc. 
Ni-Zn ferrite particles have been fabricated using many 
methods such as electro-deposition, sol–gel, solid state 
raction, chemical co-precipitation, hydrothermal synthesis, 
combustion reaction, mechano-chemical, citrate precursor 
techniques, and micro-emulsion [1-9]. However, there are 
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few studies about a synthesis of rod shaped Ni-Zn ferrite 
particles which is expected to enhance the magnetic 
shape anisotropy contributing to increasing magnetic 
permeability due to their one dimensional structure. 

In this paper, rod-shaped Ni-Zn ferrite particles were 
synthesized through a topotactic reaction method using 
goethite (α-FeOOH) particles as topotactic source 
materials. Ni and Zn sulfide anhydros such as NiSO4⋅
xH2O and ZnSO4⋅xH2O were used as Ni and Zn sources, 
respectively. Source reagents composed of goethite, Ni 
and Zn sulfide anhydrous were mixed in D.I. water and 
reacted at four different temperatures (50, 70, 90 and 
100℃) in order to determine the optimum temperature 
because reaction temperature is related to the reaction 
rate of the source materials which can affect on the 
magnetic properties of the synthesized particles.
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Abstract: The rod-shaped Ni0.5Zn0.5Fe2O4 particles were synthesized via a topotactic reaction, in which goethite (α-FeOOH) 
particles are the main constituents. The phases, microstructures and magnetic properties of these particles were studied 
using XRD, FE-SEM and VSM. The precursor solution consisted of NiSO4⋅xH2O, ZnSO4⋅xH2O, goethite and D.I. water 
werereacted at four different temperatures (50, 70, 90, 100℃) to generate four differently precipitated particles respectively. 
During the co-precipitation reaction, the pH of the solution was maintained at 8.0 using NaOH. The particles co- 
precipitated and calcined at a temperature of 700℃, exhibited a rod-shape similar to its original goethite, which means 
that the shape of Ni-Zn ferrite particles can be topotactically controlled by the goethite. The particles synthesized at 70 
and 90℃ have a saturation magnetization of 29 and 35 emu/g respectively; representing better values than the ones 
synthesized at the 50 and 100℃, in which some second phases such as Fe2O3 were observed.
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2. METHOD FOR EXPERIMENT

The rod-like Ni0.5Zn0.5Fe2O4 particles were synthesized 
through the two step process, where the first one is to 
synthesize goethite (α-FeOOH) particles and the next 
one is to fabricate Ni-Zn ferrite particles by topotatic 
reaction using goethite particles already prepared as a 
major source material.

2.1 Synthesis of goethite 

The FeSO4⋅7H2O (Sigma Aldrich) used as the 
Fe-source was dissolved in distilled water in three 
necked flask by stirring for 30 minutes. On the purpose 
of removing the effect of oxygen on the synthesis 
process, the process was conducted in N2 atmosphere 
with supplying N2 gas into the flask and with draining 
it outside at the same time. The precursor solution was 
adjusted to pH＝8.0 by dripping NaOH into the reaction 

flask and then reacted for 2 hours. The concentration 
ratio of the reactants, R [(OH)-/Fe(II)2+], is one of the 
most important factors in determining the quality of the 
synthesized particles and was fixed at 4.5.

When the precursor solution completely turns blue 
from colorless in the course of the reaction, it means 
that the reaction proceeds well and that intermediate 
phase Fe(OH)2 is formed. The goethite particles were 
synthesized by further reacting a blue suspension of 
Fe(OH)2 at 50℃ for 6 hours. During this time, air 
should be continuously supplied to the flask. The 
synthesized goethite particle was analyzed using an 
X-ray diffraction (XRD, D/max Rigaku 2,200 V/PC). Its 
microstructure was observed with field emission scanning 
electron microscopy (FE-SEM, JSM-6700F). Figure 1 
shows the X-ray diffraction (XRD) pattern of synthesized 
goethite particles and the peak position of the measured 
XRD pattern matches exactly one-to-one with pure 
goethite JCPDS pattern. Figure 2 is the FE-SEM image 
of synthesized goethite particles and clearly shows uniformly 
rod-shaped particles of 70 to 80 nm in diameter and 400 
nm in length.

2.2 Synthesis of Ni - Zn ferrite

The rod-shaped Ni-Zn ferrite particles were synthesized 
through a topotactic reaction method using goethite 
particles as topotactic source materials. Ni and Zn sulfide 
anhydrous such as NiSO4⋅6H2O and ZnSO4⋅7H2O were 
used as Ni and Zn sources, respectively. Source reagents 
composed of goethite, Ni and Zn sulfide anhydros were 
mixed in D.I. water and reacted at four different 
temperatures (50, 70, 90, and 100℃) in order to 
determine the optimum temperature.

Figure 3 is a schematic diagram for synthesizing 
Ni-Zn ferrite. At first, 1 mole of NiSO4⋅6H2O and 1 
mole of ZnSO4⋅7H2O are placed in a three-necked 
flask containing 300 ml of distilled water and 
sufficiently dissolved at 50℃. Subsequently, a goethite 
solution dispersed in 300 ml of distilled water is added 
to the flask and a reaction is carried out at four 
different reaction temperatures of 50, 70, 90, and 100℃, 
respectively. 3 mol Na2CO3 aqueous solution is slowly 
added dropwise to adjust the pH of the precursor 

Fig. 1. X-ray diffraction pattern of synthesized goethite powder.

Fig. 2. FE-SEM image of synthesized goethite powder.
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solution to 8.0.
As the reaction progresses, the starting materials, 

NiSO4⋅6H2O and ZnSO4⋅7H2O coprecipate with 
goethite in the form of hydroxides such as NaOH⋅
Zn(OH)2 and Ni(OH)2, respectively, on the bottom of 
the flask as shown in the following equations (1)~(3). 

Na2CO3 + H2O → 2NaOH + CO2 (1)

ZnSO4 + 2NaOH → Zn(OH)2 + Na2SO4 (2)

NiSO4 + 2NaOH → Ni(OH)2 + Na2SO4 (3)

Zn(OH)2 → H2O + ZnO (4)

Ni(OH)2 → H2O + NiO (5)

2FeOOH → Fe2O3 + H2O (6)

After the co-precipitation reaction is completed, the 
precipitate is washed with ethanol and then centrifuged at 
2,000 rpm for 10 minutes. These washing and filtering 
step are carried out three times. Synthetic Intermediates 
such as Na2SO4, which is completely dissolved in distilled 

water in the form of a colorless aqueous solution, are 
almost eliminated during washing and centrifugation. The 
refined precipitate dried in an oven at 100℃ for 24 
hours is crushed and calcined at 700℃ for 2 hours in 
air to synthesize a rod shaped Ni-Zn ferrite powder. The 
hydroxides such as Zn(OH)2 and Ni(OH)2 constituting the 
precipitate will be dehydrated by the reaction of the 
equations (4), (5) to become ZnO and NiO, respectively 
and these ZnO and NiO will react with the goethite to 
create the rod shape Zn ferrite powder.

The synthesized rod-like Ni-Zn ferrite powder was 
analyzed using an XRD Its microstructure was observed 
with FE-SEM and magnetic properties such as permea- 
bility and saturation magnetization were investigated by 
material analyzer and vibrational standing magnetometer 
(VSM, Molspin VSMNUVO), respectively.

3. RESULTS AND DISCUSSIONS

3.1 Structural analysis

Figures 4(a) and (b) show the X-ray diffraction 
pattern and the enlarged diffraction lines (311) of the 
powder calcined at 700℃ after co-precipitation at 50, 70, 
90 and 100℃. Powders co-precipitated at 70 and 90℃ 
correspond to the spinel structure (JCPDS 10-0325) [10] 
but powders co-precipitated at 50 and 100℃ show many 
weak diffraction peaks identified as a secondary phase 
of α-Fe2O3 besides the ferrite phase [11]. It should be 
noticed that the intensity of α-Fe2O3 is further increased 
at 100℃ as shown in Fig. 4. Goethite (α-FeOOH) alone 
is generally decomposed into Fe2O3 as shown in equation 
(6). Therefore, it seems like that a part of goethite surface 
did not co-precipitate along with Zn(OH)2 and Ni(OH)2 
at 50 and 100℃ and resulted in Fe2O3. Such a behavior 
can be attributed to a restricted co-precipitation reaction 
among goethite, Zn(OH)2 and Ni(OH)2 due to a high 
thermal agitation at 100℃ as well as an insufficient 
co-precipitation reaction at 50℃. Harali, et al. reported 
that hematite (α-Fe2O3) appears during the synthesis of 
NiCuZn ferrite particles when the co-precipitation reaction 
time is not enough [12].

Figure 5 shows the dependence of the lattice parameter 

Fig. 3. Schematic diagram for synthesized rod-shaped Ni-Zn 
ferrite particles.



전기전자재료학회논문지, 제31권 제5호 pp. 300-306, 2018년 7월: 전승엽 등 303

of the ferrite powder on the co-precipitation reaction 
temperature. The lattice parameter was calculated by the 
least squares method using diffraction lines (311), (220), 
(400) and (440). As the co-precipitation temperature 
increases from 50℃ to 100℃, the lattice parameter 
monotonically decreases from 8.43 Å to 8.34 Å in the 
temperature range of 50℃ to 100℃, showing the lowest 
value at 90℃ but after that goes up to 8.3641 Å at 
100℃. The lattice parameters of the synthesized Ni0.5 

Zn0.5Fe2O4 ferrite nanoparticles closely match those 
published in JCPDS-47-0023.

In the spinel ferrite, it is well known that Zn2+ ions 
prefer to occupy the tetrahedral A-sites and Ni2+ ions 
prefer to occupy the octahedral B-site whereas Fe3+ ions 
partially occupy the A-sites and the B-sites [13]. The 
lattice parameters of the Ni-Zn ferrite particles depend 
on the preparation method, the phase composition and 

in particular is very sensitive to the concentration ratio 
between Ni and Zn ions. many reports [14-16] have 
been made that the lattice parameter of Ni-Zn ferrite is 
montonically decreased as increasing the Ni2+ ions. That 
is reason considering the smaller ionic radius of Ni2+ 
ion (0.69 Å) as compared to the ionic radius of Zn2+ 
ion (0.74 Å) and is similar to the decreasing tendency 
of the lattice parameter of our Ni-Zn ferrite powder 
according to the co-precipitation reaction temperature. 
Therefore, it is considered that the relative concentration 
of Ni ions to Zn ions in the synthesized Ni-Zn powders 
is constantly increased in the reaction temperature of 50 
to 90℃ and decreased over this temperture range. More 
Ni(OH)2 than Zn(OH)2 can be made during the reaction 
process to create the Ni-rich and rod like Ni-Zn ferrite 
particles co-precipitating with the goethite particles 
because the solubility of Ni ion in aqueous solution is 
stronger than that of Zn [17].

3.2 Morphology and crystallite size

The size of the crystallite was calculated by the Debye- 
Scherrer’s method of equation (7) using the diffraction 
line (311) shown in Fig. 4(b) [18].

D＝kλ / Bcosθ (7)

Where D is the average crystallite size, k is the 
Scherrer constant (0.89), λ is the wave length of X-ray 
beam used, B is the full-with at half maximum 

Fig. 4. (a) X-ray diffraction patterns of Ni0.5Zn0.5Fe2O4 powders 
synthesized at various temperatures and followed by calcination 
at 700℃ and (b) enlarged diffraction lines (311).

Fig. 5. Lattice parameter of Ni0.5Zn0.5Fe2O4 powders synthesized 
at various temperatures and followed by calcination at 700℃.
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(FWHM) of diffraction peak and θ is the Bragg's angle 
of the diffraction line (311). 

Figure 6 shows the particle size of the calcined powders 
at 700℃ after co-precipitation at 50, 70, 90, and 100℃, 
respectively. As the co-precipitation reaction temperature 
increases from 50℃ to 100℃, the particle size of the 
Ni-Zn ferrite gradually increases from 20 nm to 58 nm as 
shown in Fig. 6, which is similar to the dependence of the 
particle size on the Ni ion concentration. The average 
particle size increase with increase of Ni ion concentration 
was reported in the literatures [19].

Figure 7 shows FE-SEM images of Ni-Zn ferrite 
powders calcined at 70℃ after co-precipit ation at four 
reaction temperatures. The synthesized Ni-Zn ferrites have 
rod-like particles, similar to the goethite irrespective of 
the reaction temperature. It should be noticed that many 

small debris particles are also observed in the Ni-Zn 
powders synthesized at 50℃ and the number of these 
particles monotonically decreases until the co- precipitation 
temperature reaches 90℃, therefore, which seems attributed 
to the insufficient and non-uniform co-precipitation of the 
reagents containing goethite at the low temperature. Ferrite 
powder synthesized at 70℃ have the fewest debris 
particles and the shape of the rod is well shown in it.

The ferrite powder synthesized at 100℃ has much 
more debris particles than that at 70℃ and also shows 
agglomeration, which likely to be because some goethite 
particles that can not precipitate together with Zn(OH)2 
and Ni(OH)2 are precipitated singly and converted to 
hematite (Fe2O3) during calcination.

3.3 Magnetic property

Figure 8 shows the magnetic hysteresis curves (B-H) 
of Ni-Zn ferrite powders calcined at 700℃ after co- 
precipitation at four different temperatures. 

Figure 9 shows the change in the saturation magneti- 
zation (Ms) and the coercive force of the Ni-Zn ferrite 
powder as a function of the co-precipitation reaction 
temperature. As the temperature increases from 50℃ to 
90℃, the saturation magnetization monotonically increases 
from 28 emu/g to the maximum saturation magnetization 
value of 35 emu/g and then drops to the lowest value 
of 19 emu/g at 100℃ as shown in Fig. 8. It seems to 
be related to the second phase Fe2O3 having a very low 
saturation magnetization value as compared to the ferrite 

Fig. 6. Variation of crystallite size of Ni-Zn ferrite powders as 
a function of reaction temperature.

Fig. 7. FE-SEM Image of Ni-Zn ferrite (a) 50℃, (b) 70℃, (c) 
90℃, and (d) 100℃.
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observed in the ferrite powder synthesized after co- 
precipitation at 50 and 100℃ in Fig. 4. It should be 
noticed that the intensity of α-Fe2O3 is further increased 
at 50 and 100℃. Goethite (α-FeOOH) alone is generally 
decomposed into Fe2O3 as shown in equation (6). 
Therefore, it seems like that a part of goethite surface 
did not co-precipitate along with Zn(OH)2 and Ni(OH)2 
at 50 and 100℃.

The saturation magnetization (Ms) obtained for our 
Ni-Zn ferrite powders is lower than the Ms of about 59 
emu/g reported for the bulk Ni0.5Zn0.5Fe2O4 particles [20]. 
Ms is highly dependent on the change in exchange 
interactions between tetrahedral and octahedral sites due 
to crystallinity, particle shape and magnetization direction. 
In spinel ferrite, the A-B exchange interaction is stronger 
and more effective than the A-A and B-B exchange 
interaction [21]. On the other hand, cation distribution 
and relocation modify the exchange interaction between 
A and B sites. The deficiency of Zn ions in the 
tetrahedral A site of the Ni-Zn ferrite can be caused by 
insufficient co-precipitation of Zn ions in the Zn(OH)2 
chemical form, which can move the Fe ions at the B 
site to the A site and cause a strong A-B exchange 
interaction to reduce the saturation magnetization [22].

Similarly, as the reaction temperature increases from 
50℃ to 100℃, the coercive field (Hc) of the Ni-Zn 
ferrite powder initially increases from 127 gauss to the 
highest value of 153 gauss at 90℃ and then it falls to 
143 gauss at 100℃.

4. CONCLUSION

Rod-shaped Ni0.5Zn0.5Fe2O4 particles were successfully 
synthesized by topotactic reaction method with rod-shaped 
goethite (FeOOH) particles as main material. The 
morphology and phase of synthesized NiZn ferrite particles 
were highly dependent on co-precipitation temperature. 
Synthesized ferrite particles co-precipitated at 70℃ and 
90℃ had a pure spinel structure, but co-precipitated 
ferrite particles at 50℃ and 100℃ showed secondary 
phase of Fe2O3 in addition to spinel ferrite. The rod- 
shaped Ni0.5Zn0.5Fe2O4 particles were best fabricated at a 
co-precipitation temperature of 90℃, which shows the 
highest saturation magnetization value of 35 emu/g as 
well as have nice rod shapes with few debris. 

The synthesized Ni-Zn particles co-precipitated in the 
temperature range of 50 to 90℃ show a monotonic 
decrease in the lattice parameter but a continuous increase 
in the saturation magnetization (Ms). This tendency seem to 
be associated with a higher concentration of Zn ions than 
that of Ni ions, originated from Zn(OH)2 and Ni(OH)2, in 
the synthesized particles due to the uneven distribution of 
constituents caused by the thermal agitation during the 
co-precipitation process.
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