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Abstract

The Present invegestion the chemical co-precipitation
method was used to prepare a nano scale ferrite powder
with Cd-Zn and Ni-Zn compositions. Ferrite, in different Cd-
Zn stoichiometric ratios, showed optimal composition of
saturated magnetization for Cd0.7Zn0.3Fe204; under an air
environment and claimed at 700C, the saturated
magnetization was 60.19 M(emu/g). The average particle
diameter was 12 nm for the non-claimed sample, while
when the sintering temperature was 800 C, the particle
diameter was about 120 nm. In addition, in different Ni-Zn
stoichiometric ratios, the optimal composition of the
saturated magnetization was Ni0.5 Zn0.5Fe204; under an
air environment and calcinations at 700°C the saturated
magnetization was 91.40 M(emu/g). The average particle
diameter for the non-claimed sample was about 12 nm, but
when the sintering temperature was 700 °C, the particle die
diameter was 201.06 nm. The prepared ferrite nano-powder
was characterized by scanning electron microscopy(SEM), X-
ray diffraction(XRD), and vibrating sample
magnetometer(VSM) to reveal its microscopic structure and
related electromagnetic properties. Ferrite powders of
either Cd-Zn or Ni-Zn composition can be used as catalysts
for chemical reactions or iron core materials.

Keywords: co-precipitation method; Ferrite saturated
magnetization.

Introduction

The origin of ferrite dates from very early in time, and it
usually existed as Fe304, as natural ferrite. Ferrite is an oxide of
strong magnetic properties, with wide applications due to the
booming development of electronic technology. Nowadays, it
has become an indispensable material in the -electronics
industry. The production of ferrite was originally made through
the calcinations of an inorganic precursor material; the sintering
environment and condition were controlled, as such, it is
considered the earliest fine ceramic in history [1,2]. Based on
the structure, ferrite can be divided into three main categories:
spinal structure, garnet structure, and hexagonal structure.
Methods for the preparation of ferrite can be roughly divided
into: solid-state reaction, co-precipitation, sol-gel, and
hydrothermal processes. The ferrites in nano crystalline form
found applications in new fields, such as magnetically guided

drug delivery, magnetic resonance imaging (MRI), catalysts,
humidity and gas sensors, magnetic fluids, etc. Presently, ferrite
core has become an indispensable inductive component in 3C
products. In this work, the pure material and the co-
precipitation method were used to prepare Cd-Zn and Ni-Zn
ferrite nano-powders and investigate their magnetic
characteristics, particle diameters, and magnetic flux densities,
etc. The co-precipitation method was used at different pH values
and different sintering temperatures (from 0°C to 1000°C) to
synthesize [CdxZn1-x]Fe204, [NixZn1-x]Fe204 ferrite powders.
Then, the effect of the pH value on crystallinity and integrity was
investigated, and the effect of sintering temperature on
saturated magnetization (Ms), residual magnetization (Mr),
coercive force (Hc), magnetic flux (B), and average particle
diameter (D) was also studied. In 2008, Ewaisn used the solid-
state reaction method too prepare ZnO-MnO2-Fe203; as the
sintering temperature increased, the saturated magnetization
also increased. Moreover, as the sintering temperature
increased to 950 °C, a maximum was reached, followed by a
decline. When the temperature reached 850 °C-950 °C, the
surface morphology was transformed from the original cluster
into a chain shape, and when the sintering temperature reached
950-C-1000 °C, it was transformed into a laminating structure.
For the preparation of Ni-Cd-Zn ferrite nano particles using the
chemical co- precipitation method and for the study of magnetic
property after sintering, high purity Ni2SO4, CdSO4, ZnS0O4, and
ferrous sulfate were used as precursor materials dissolved in
water, with NaOH being used as the precipitation agent to form
Ni0.39Cd0.11Zn0.5Fe204 with an obtained average particle [3]
diameter of about 25 nm. When Cu is added to ferrite, the
density and magnetization can be increased. In 2011, Song et al.
used strontium nitrate, nickel acetate, zinc acetate, ferric nitrate,
and citric acid as precursor materials, and employed the sol-gel
process to prepare ferrite nanofibers and SrFel12019/
Ni0.5Zn0.5Fe204 nano composite ferrite. Single
Ni0.5Zn0.5Fe204 ultra fine fiber ferrite showed a particulate
structure with a shiny surface morphology. Single SrFe12019
ultra- fine fiber ferrite showed a pillared structure. An increase
in the calcinations temperature of the nano composite
SrFe12019/Ni0.5Zn0.5Fe204 ferrite caused a slow change from
an original nano particle into a laminating structure. When the
sintering temperature reached 950 °C, a hexagonal laminating
structure with a rough surface was observed. In 2008, Deliyanni
et al. used ammonias a precipitation agent and used aqueous
metal precursors to prepare Mn-Zn ferrite, and an integrated
spinal structure with high specific area was obtained. The
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average particulate diameter was in the range of 5-25 nm. The
average diameter was around 17 nm. Such a crystalline structure
was very close to the results obtained by the Scherer equation,
that is, nanocrystals with a diameter of 13.5 nm, and such
results were consistent with each other. Other authors, such as
Murbe et al., prepared Ni-Cd-Zn ferrites of composition Nil-x
-yCdy Znx Fe204with 0.4 6< x 6< 0.6 and 0 65 y 65 0.25 by
standard ceramic processing routes and studied the effect on
the sintering behavior and permeability [4].

Experimental

Materials and Measuring Tools

The sulfuric acid (H2S04), hydrochloric acid (HCI), sodium
hydroxide (NaOH), zinc(ll) nitrate (Zn(NO3)2-6H20), ferric(lll)
nitrate (Fe(NO3)3-9H20), nickel nitrate, (Ni(NO3)2:6H20), and
other reagents were all G. R. grade chemicals for synthesis. A
computer-interface X-ray powder diffractometer (XRD) with Cu
Ka radiation (Multiflex, Rigaku, Tokyo, Japan) was used to
identify the nano particles. Particle morphology was checked
using a scanning electron microscope (SEM) with an accelerating
voltage of 15 kV, and a field emission scanning electron
microscope (FESEM, JEOL, JSM-6700F, Tokyo, Japan) was used to
characterize the surface structure of the distribution of nano
particles. A Vibrating Sample Magnetometer (VSM) was used to
observe the nano particles electromagnetic properties. The
oxygen analyzer measured the oxygen concentration .The
composite particles of ferrite were prepared by sintering in a
high temperature furnace [5].

Synthesis of [MxZn1-x] Fe204 (M=Cd or Ni)

lonic solutions of CdSO4, Ni(NO3)2, Zn(NO3)2, and Fe(NO3)3
were mixed according to the desired stoichiometric ratio. NaOH
solution was used to adjust to pH = 9. Air was passed and the
solution was heated up to 70°C and left to oxidize for 24 h.
Distilled water was used to repeatedly clean (5—6 times) the
product to remove the salt. Then the product was placed in an
oven at 110°C for 1-2 days, depending on the water content,
until total evaporation was achieved. Then it was grinded on an
agate mortar [6].

Results and Discussion

Ferrite can be divided into two main categories, namely, soft
ferrite and hard ferrite, according to its applications. Soft ferrite
is defined as having an Hc not larger than 200 Oe, when
magnetization occurs; hence, the smallest externally applied
magnetic field can be used to reach the maximal magnetization
strength. The features of soft ferrite include a lower coercive
force and higher magnetic permeability; that is, it can be easily
magnetized and de-magnetized and is therefore is widely used
for electronic materials. Hard d ferrite is obtained after the
material is magnetized by an externally applied magnetic field,
and its magnetic properties are maintained in the long term. The
features of hard ferrite include a higher coercive force (the
magnetic field strength for the residual magnetization is reduced
to zero after the magnetic material is magnetized and de-
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magnetized), higher residual magnetic flux density (Br), higher
residual magnetization (Mr), higher stability (to environmental
variation factors, such as externally applied magnetic field and
vibration), and higher maximum energy product (Bh).

In this work, a co-precipitation method was used to prepare
nanoscale ferrite, and a metal solution was added with NaOH as
a precipitation agent. Then, air was passed to heat up and
oxidize the product so that the hydroxide was changed into
ferrite with a spinel structure. was prepared at different
conditions, and the effect on crystal phase, surface morphology,
average particulate diameter, and magnetic properties was
investigated [7].

The Influence of Different Cu and Ni Contents on the
Crystal Phase of Ferrite

From the diffraction peaks of the XRD diffract grams of
[CdxZn1-x] Fe204 with different Cd contents and proportions, it
can be seen that the change in the proportions also affects the
crystal phase strength. Cd0.7Zn0.3Fe204 is the most integrated
and the strongest crystal phase, while Cd1Fe204 is the least
integrated and the weakest one. Using the diffraction peaks and
thee Scherer equation, the average particulate diameter was
calculated. It can be seen that the particulate diameter changed
along with the strength of the crystal phase. For a composition
of Cd0.7Zn0.3Fe204, with the strongest strength of crystal
phase, the average particulate diameter was also the largest
(22.32 nm). For the composition of Cd1Fe204, the strength of
the crystal phase was the weakest, and the average particulate
diameter was the smallest (only 4.66 nm). Figure 2a shows the
XRD diagram with different proportions of [CdxZnl-x]Fe204
sintered at500 °C. For different proportions, sintering at 500°C
(temperature increase of 4 °C/min, and kept at constant
temperature for 2 h) was used to enhance the crystal phase and
facilitate comparison. From the figure, it can be seen that when
the Zn content was to low, Cd in [CdxZn1-x] Fe204 could be
easily transformed into CdO, and when the Zn content was zero,
The strength of the crystal phase of Cd was stronger.
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Figure2: The X-ray powder diffraction (XRD) patterns of
[MxZn1-x] Fe204 sintered at 500 °C.

Figure 1 shows [NixZn1-x] Fe204 ferrite. The proportion of Ni
and Zn was changed to investigate the differences in the crystal
phase. From the diffraction peaks, it can be seen that the change
of the proportion also affects the strength of the crystal phase.
The samples with strongest crystal phases were
Ni0.36Zn0.64Fe204, Ni0.5Zn0.5Fe204, and Ni0.64Zn0.36Fe204
ferrite, the saturated magnetization of these three sets of
proportions was relatively stronger. The diffraction peaks were
then used to calculate the particulate diameter that was in the
range of 10.92 nm to 19.6 nm. The average particulate diameter
of Ni0.5Zn0.5Fe204 ferrite was the largest (about 19.60 nm).
This was because Ni0.5Zn0.5Fe204 ferrite, as it can be seen
from the XRD results, exhibited the most integrated and the
strongest crystal phase. Ni0.2Zn0.8Fe204 ferrite had the
smallest particulate diameter of 110.91 nm to 19.6 nm the

of Ni0.5Zn0.5Fe204 [8,9,10]

ferrite was the largest (about 19.60 nm). This was because
Ni0.5Zn0.5Fe204 ferrite, as it can be seen from the XRD results,
exhibited the most integrated and the strongest crystal phase.
Ni0.2Zn0.8Fe204 ferrite had the smallest particulate diameter of
10.92 nm. It can be seen from the XRD results that the crystal
phase strength of this composition and proportion was the
weakest.

average particulate diameter

Scanning Electron Microscopy

Surface morphology and average grain size of Cd2+
substituted Nil-BICdEIFe204 NPs were determined by using
analytical scanning electron microscope by selecting 10,000
magnification range. SEM images (Figure 3) of typical samples (&
=0.2 and 0.6) shows the nanocrystalline nature of
Nil-BCdEFe204 NPs with vivid pores suggesting it as more
advantages for the gas sensing applications. Voids and pores
present in Ni1l-BICdEIFe204 NPs can be attributed to the release
of gases during the combustion process and lesser the dense
nature. Intergranular diffusion can be clearly seen in SEM images
of the NPs. Fused grain nature can be seen in @ = 0.2, whereas
= 0.6 looks comparatively more crystalline affecting the spin
coupling in Nil-ECdEFe204 NPs which is at the base of the
magnetic behavior [11].
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Figure3: Scanning electron micrograph [MxZnl-x] Fe204
(M=Cd or Ni) for the different samples

The Influence of Different Cu and Ni Contents on
Magnetic Properties

Along with the change in the size and direction of the
externally applied magnetic field, the magnetization state of the
material started to deflect; after de-magnetization, the magnetic
domain can return to its origin. The B, H slope caused by such a
reversible boundary movement is called the initial permeability.
When the magnetic field continues to increase and changes into
an irreversible state, magnetization finally will reach saturation;
at this moment, even if the externally applied magnetic field is
enhanced, the magnetization strength cannot be increased.
After magnetization reaches saturation, if the externally applied
magnetic field is removed, some magnetic c domains will remain
the same with remanent magnetization (Br). If at this moment, a
reverse magnetic field is added, then magnetization will, at
coercive force (Hc), be reduced to zero. If the reversed externally
applied magnetic field is continuously increased, the material
will reach a saturated magnetization state that is the reverse of
the original magnetization direction. When the externally
applied magnetic field has cycled once from the positive direction
to the negative direction,a hysteresis curve will be generated
Figure 3a shows the hysteresis curve for [CdxZnl-x] Fe204

at different compositions and proportions. From the figure it can
be seen saturated magnetizationwas 15.30 M(emu/g) for the
composition and proportion of Cd0.5 Zn0.5Fe204. As the Cd
content increased, saturated magnetization also increased.
When the Cu content reached Cd0.7Zn0.3Fe204, the saturated
magnetization also reached a peak of 24.89 M(emu/g), and the
crystals phase was the strongest too; later on as the Cd content
magnetization decreased accordingly. When the Cd content
reached the composition of Cd1lFe204, the saturated
magnetization was the lowest, only 1.20 M(emu/g), and its
crystal phase was also the weakest.
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Figured: Hysteresis curves of [MXZnl-x]JFe204 at different
composition and proportions.



(a) [CdZn1-x]Fe204; (b) [NixZn1-x]Fe204

Concerning the Ni-Zn system, Figure 3b shows that
Ni0.5Zn0.5Fe204 ferrite had the optimal magnetization, which
was 50.29M(emu/g), and its crystal phase was the strongest.

Ni0.3Zn0.7Fe204s ferrite was the worst, at only about 1.86
M(emu/g), and its crystal phase was relatively weaker as well.
Therefore, it is clear that the strength of the crystal phase affect
the magnetization of ferrite; however, the product with the
worst crystal phase will not have the worst magnetization.

Tablel depicts the coercive force (Hc), saturated
magnetization (Ms), and residual magnetization (Mr) of
[CdxZn1-x]Fe204 at different proportions. From the data, it can
be seen that the magnetic characteristic and Hc values for
different proportions did not exceed 200 Oe, and the Mr value
(soft ferrite had lower remnant magnetization) approached zero.
Therefore, we can be sure that we are dealing with soft ferrite.
For the magnetic flux of [CdxZnl-x]Fe204 at different
compositions and proportions, from the formula, the units of
magnetic flux (B) are gauss, and the table shows that the
magnetic flux for Cd0.5Zn0.5 was 186.12 gauss/g; as the Cd
content increased, the magnetic flux increased accordingly.
When the composition was Cd0.7Zn0.3, it reached a peak of
306.39gauss/g; later on, it dropped, since for Cd1Fe204, the
magnetic flux was only 15.47 gauss/g. In terms of coercive force
(Hc), saturated magnetization (Ms), and remnan magnetization
(Mr) for [NixZn1-x]Fe204 ferrite with different proportions, the
experimental results show that the magnetic characteristic and
Hc values did not exceed 200 Oe, and the Mr value approached
zero. Therefore, we can be sure that we are dealing with soft
ferrite in this series. For the magnetic flux of [NixZn1-x]Fe204
ferrite, further calculations from the formula showed that the
units of magnetic flux (B) were gauss. From the results, it can be
seen that the magnetic flux for Ni0.2Zn0.8 was 61.18 gauss/g.
For Ni0.3Zn0.7, the magnetic flux dropped to 14.00 gauss/g;
later on, as Ni content increased, the magnetic flux also
increased. When the composition was Ni0.5Zn0.5, it reached a
peak of 624.48 gauss/g, but when the composition was
Ni0.64Zn0.36, the magnetic flux decayed to 416.06 gauss/g. This
trend was the same as the magnetic flux trend described in the
literature [12,13]. The magnetic flux increases with the rise in
Ni2+ ions concentration.

Tablel: The hysteresis curve for [MxZn1-x] Fe204 at different
compositions and proportions; Hc: Coercive force; Ms: Saturated
magnetization; Mr: Residual magnetization; B: Magnetic flux

Composi Properti Hc(Oe) Ms Mr (gauss/g
tion es (emu/g) (emu/g) )
Magneti
c
Cd0.5Zn -6.05 15.3 0.03 186.12
Cd-Zn 05
system cdo.6zn | 12.48 18.41 0.09 218.75
0.4
Cd0.7Zn 6.23 24.89 0.15 306.39
0.3
Cd0.8Zn 5.87 22.42 0.12 275.74
0.2
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Cd0.9zn 4.25 1.62 0.01 16.05
0.1
Cd1lFe2 0.35 1.20 0.00 15.47
04
Composi Properti Hc(Oe) Ms(emu/ Mr(emu/ B(gauss/
tion es 9) 9) 9)
Magneti
c
Ni-Zn Ni0.2Zn0 -17 6.24 -0.01 61.18
system .8
Ni0.3Zn0 -9.35 1.86 0 14
7
Ni0.36Zn -6.91 11.54 -0.04 108.04
0.6
Ni0.5Zn0 -7.16 50.29 -0.34 624.48
5
Ni0.64Zn -11.23 34.02 5-0.32 416
0.36

The Effect of the Sintering Temperature
on the Crystal Phase of [CdxZn1-x] Fe204
and [NixZn1-x] Fe204

Figureda shows the XRD diagram of Cd0.7Zn0.3Fe204 at
different sintering temperatures. The material was sintered in an
air atmosphere, at 5°C/min, and after a constant temperature
maintained for 2 h the furnace was cooled. From the
experimental results, it is clear that as the sintering temperature
increased, the crystal phase became more integrated and its
strength became stronger. Under the air sintering temperature
and atmosphere, part of it suffered thermal decomposition due
to over- heating; therefore, nitrogen was not needed in the
sintering  process. For the ferrite composition of
Cd0.7Zn0.3Fe204, using the diffraction peaks at different
sintering temperatures and the Scherer equation, the average
particulate diameter was calculated. And as temperature
increased, the original particulate diameter of 24.65 nm at 500
oC increased to 94.46 nm at 900 °C. Thus, as the temperature
increased, the particulate diameter also increased. Figure 4b
shows the e XRD diagram of Ni0.5Zn0.5Fe204 at different
sintering temperatures, sintered in an air atmosphere at 5 °C/
min, held at a constant temperature for 2 h, and finally furnace-
cooled. The experimental results show that as the sintering
temperature increased, the crystal phase became more
integrated and its strength became stronger. This was unlike the
[MxZn1-x]Fe204 system under air atmosphere, as when the
sintering temperature was too high, thermal decomposition
occurred. Therefore, N2 was notneeded for sintering. For
Ni0.5Zn0.5Fe204 ferrite at different sintering temperatures, the
diffraction peaks were used to calculate the average particulate
diameters, and it was seen that the particulate diameter
increased with the temperature increase. The particulate
diameter r increased from the original 20.31 nm at 500 °C to
201.06 nm at 1200 °C. The XRD diagram confirmed the single
crystalline phase of the nano particles. The lattice parameter
decreased with the increase in Ni content and reduced Lattice
strain
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Figure5: The effect of sintering temperature on the XRD
pattern. (a) Cd0.7Zn0.3Fe204 ; (b) Ni0.5Zn0.5Fe20s

The Effect of Sintering Temperature on the
Magnetism of [CdxZnl-x] Fe204, [NixZnl-x]Fe204
Ferrite

Figure 5a shows the hysteresis curve of Cd0.7Zn0.3Fe204 at
different temperatures, sintered in an air atmosphere at 5 °C/
min, held at a constant temperature for 2 h, and finally furnace-
cooled. It can be seen that the worst saturated magnetization
occurred at 500 °C, only 44.56 emu/g. However, as sintering
temperature increased, the saturated magnetization also
increased. When the sintering temperature reached 900 °C, the
saturated magnetization reached a peak of 58.40 emu/g. For
Cd0.7Zn0.3Fe204, the change of the saturated magnetization
with the temperature was not as large as that observed for
[MnxZn1-x]Fe204 and [NixZnl-x]Fe204. Figure 5b shows the
hysteresis curve for Ni0.5Zn0.5Fe204 ferrite at different
sintering temperatures. It can be seen that the saturated
magnetization was worse at 500 °C: 63.70 M(emu/g). As the
sintering temperature increased, the saturated magnetization
also increased, and when the sintering temperature reached 900
°C, the saturated magnetization reached a peak of 91.40
M(emu/g). Above 900 °C, the saturated magnetization started to
decay, and when the sintering temperature reached 1200 °C, the
saturated magnetization was only 69.92(emu/g).

4 - 500°C
CR 4-700°C
v 800°C
2 2 - 900<C
> 1000C

* 1100°C
. 1200°C

50k 100k SOk 00 S0k

Applied field(O¢)
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Figure6: the effect of sintering temperature on the
magnetism.(a) Cd0.7Zn0.3Fe204

Composi Properti Hc (Oe) Ms(emu/ Mr(emu/ B

tion/ es 9) g) (gauss/g

Tempera Magneti )

ture,.C c

Cu0.7Zn 500 3.32 44.56 0.16 562.99

0.3Fe20

4 600 23.92 52.24 1.33 680.05
700 75.69 54.39 4.58 758.83
800 47.78 58.4 3.16 781.28
900 17.42 60.19 1.33 773.41
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Composi Properti Hc (Oe) Ms(emu/ Mr(emu/ B

tion/ es 9) 9) (gauss/g

Tempera Magneti )

ture,C [

Ni0.5Zn0 500 1.55 63.7 0.09 801.96

.5 Fe204
600 31.98 74.64 2.43 968.96
700 71.79 80.2 6.7 1079.1
900 45.74 91.4 5.08 1193.72
1000 22.29 84.68 2.17 1085.87
1100 4.06 80.72 0.43 1017.9
1200 8.11 69.92 0.67 886.31

Table2 shows the coercive force (Hc), saturated

magnetization(Ms), and remnant magnetization (Mr) at different
sintering temperatures for [CdxZn1-x]Fe204. For
Cd0.7Zn0.3Fe204, it can be seen that at different temperatures,
the magnetic characteristic and Hc value did not exceed 200 Oe
and the Mr value approached zero (soft ferrite had lower
remnant magnetization). Therefore, we can be sure that this
series of ferrite was composed of soft ferrites. For the magnetic
flux of [CuxZnl-x]Fe204 at different sintering temperatures,
further calculations showed that the magnetic flux (B) increased
from 562.99 gauss/g at 500 °C to 773.41 gauss/g at 700 °C as the
temperature increased. Moreover, a peak of 781.28 gauss/g was
seen at 800 °C, while at 900 °C, due to the smaller Hc value, the
magnetic flux showed a small drop to 773.41 gauss/g. For
Ni0.5Zn0.5Fe204 ferrite, the magnetic properties at different
temperatures could be obtained, the Hc values did not exceed
200 Oe, and the Mr values approached zero (soft ferrite had
lower remnant magnetization). Therefore, this series was also
confirmed to be composed of soft ferrites. Moreover, magnetic
fluxes (B) at different sintering temperatures increased from
801.62 gauss/g at 500 °C along with the temperature increase.
When the temperature reached 900 °C, it reached a peak of
1193.72 gauss/g; later on, it started to drop, and when the
temperature reached 1200 °C, the magnetic flux was 886.31
gases/g

Surface Morphology Analysis of [CuZn]Fe204

Figure 6 shows the surface morphologies of Cu0.7Zn0.3Fe204
at different sintering temperatures, in an air atmosphere at 5 °C/
min, held at a constant temperature for 2 h, and lastly cooled. It
can be seen that the non-sintered powder had very small
particulate diameter, and the average particulate diameter was
about 10 nm. When sintering temperature increased to 500 °C,
the SEM image showed that there was no significant difference,
and the average particulate diameter was still about 20 nm.
When sintering temperature was 600 °C, there was also no
significant difference, as the average particulate diameter was
still about 25 nm. At 700 °C, it can be seen that the primary
particle started to grow significantly larger, and the average
particulate diameter approached 50 nm. When the sintering
temperature was 800 °C, the primary particles started to
crystallize to form secondary particles, and the average diameter
approached 70 nm. At 900 °C, the phenomenon of crystallization
into secondary particles was more significant than that observed
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at 800 °C, and the average particulate diameter reached about
150 nm. In the observation of non-sintered Cu0.7Zn0.3Fe204
micro-structure, since the non-sintered powder has a very fine
average particulate diameter, even on the SEM images with a
50,000x amplification the average particulate diameter could
not be seen. From the 100,000x SEM image, it can be clearly
seen that the average particulate diameter was about 10 nm.
The electronic data systems(EDS) composition analysis showed
that ferrite powder was an alloy formed by four elements; Mn,
Zn, Fe, and O, and that no other metal atoms were present.
Meanwhile, the proportion was correct, proving that, when
neutralized, the metal ions were completely precipitated.

W8 AV
, g
2 VgVl 30000 S

t Magn

Figure7: The surface morphologies of CdZnFe04.

Surface Morphology Analysis of [NixZn1-x] Fe204

Figure7 shows the surface morphology of Ni0.5Zn0.5Fe204
ferrite at different sintering temperatures, under an air
atmosphere at 5 °C/min, held at a constant temperature for 2 h,
and then furnace-cooled. From the figure, it can be seen that
the non-sintered powder had a very small particulate diameter;
the average diameter was about 10 nm. When the sintering
temperature increased to 500 °C, the SEM image showed that
there was no significant difference, as the average particulate
diameter was still about 10 nm. When the sintering temperature
increased to 600 °C, the average particulate diameter increased
a little, and was about 20 nm. When the sintering temperature
increased to 700 °C, there was not much difference from the
product sintered 600 °C, as the average particulate diameter was
still about 20 nm. When the sintering temperature increased to
800 °C, the average particulate diameter became significantly
larger than that sintered at 700 °C, being about 30 nm. When
the sintering temperature was 900 °C, the primary particles
precipitated.
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Figure8: The surface morphologies of NiZn Fe204

y particles started to cluster, and some had already associated
into secondary particles, with an average particulate diameter of
about 50 nm. When temperature increased to 1000 °C, the
primary particles started to cluster, and a massive amount of
primary particles had already associated into secondary
particles, the average diameter being 60 nm. At 1100 °C, it could
be seen that secondary particles crystallized in massive
amounts. At 1200 °C, secondary particles started to crystallize
massively, and the crystallized particles were already larger than
those crystallized at 1100 <C; the crystalline surface was filled
with many particles with a size of about 200 nm.
Ni0.5Zn0.5Fe204 is shown in the figure with 100,000x
amplification on the field emission scanning electron microscope
(FESEM). After comparison of the non-sintered product (a) and
that sintered at 500 °C (b), it can be seen that the nano particles
sintered at 500 °C were larger than the non-sintered ones by 2—3
nm. Table 3 shows the mean diameter of the Cu0.7Zn0.3Fe204
and Ni0.5Zn0.5 Fe204 are correlated with the SEM and XRD size
estimations according to the thermal treatments. The mean
diameter of the two compositions with the same sintering
temperature trend is the same. The EDS composition analysis of
Ni0.5Zn0.5Fe204 showed that ferrite power was an alloy of Ni,
Zn, Fe, and O. There were no other metallic ions present, and
the proportion was correct, which proves ions present, and the
proportion was correct, which proves that in the neutralization
reaction process the metallic ions were completely precipitated

Table2: The effect of sintering temperature on the mean
diameter.

Temperature,C/ Mean Cu0.7Zn0.3Fe204 Ni0.4Zn0.5Fe204
Diameter XRD SEM XRD SEM

500 24.65 20 20.3110

600 30.36 25 37.77 20

700 38.89 50 38.66 20

800 50.50 70 59.05 30
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900 94.46 150 74.86 50

1000 -- 91.86 60

1100 -- 105.6 120

1200 -- 201.06 250
Conclusion

After summarizing the experimental results obtained from
[CdxZn1-x]Fe204 and [NixZn1l-x]Fe204, the following
conclusions can be obtained: for different compositions of Cd-Zn
and Ni-Zn ferrites, the sintering temperatures for optimal
saturated magnetization values were quite different. For the
[CdxZn1-x]Fe204 system, the optimal sintering temperature
was 900 °C, and the saturated magnetization was 60.19
M(emu/g). For the [NixZnl-x]JFe204 system, the optimal
sintering temperature was also 900 °C, but the saturated
magnetization was 91.40 M(emu/g). The material with the
saturated magnetization most seriously affected by the sintering
temperature was [NixZn1-x]Fe204, and the difference between
the maximal and minimal values was 41.11 M(emu/g). However,
for the [CdxZnl-x]Fe204 system, the difference between the
maximal and minimal value was 35.30 M(emu/g). The size of the
remnant magnetization depended on the preparation
conditions, and there was no relative relationship between the
size of the saturated magnetization and the size of the remnant
magnetization. Moreover, there was no relative relationship
between the size of the saturated magnetization and the size of
the coercive force. Both for Cd-Zn and Ni-Zn ferrites, the
coercive force did not exceed 200 Oe; thus, both materials were
soft ferrites. From VSM and XRD results for the different
compositions, it can be seen that, for all kinds of systems and all
proportions, the sintering atmosphere and sintering
temperature—before the drop of the saturated magnetization—
indicated that the stronger the crystal phase strength, the
stronger the saturated magnetization. For [CdxZn1-x]Fe204 and
[NixZn1-x]Fe204 ferrites at different sintering temperatures, the
crystal phase strength of XRD was affected; the higher the
sintering temperature, the stronger the crystal phase. For the
material with a stronger crystal phase, SEM showed that the
average particulate diameter was also larger, and when the
sintering temperature was higher, the average particulate
diameter was larger. It can be clearly seen from the SEM photos
that, for non-sintered to sintered at 900°C Cd-Zn and Ni-Zn
ferrites, the one with the maximal change on the average
particulate diameter due to sintering temperature was
[CdxZn1-x]Fe204, and the average particulate diameter
changed from 10 nm to 150 nm; for the [NixZnl-x]Fe204
system, the average particulate diameter change was in the
range of 10-50 nm.
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