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Fabrication and performance optimization of Mn—Zn ferrite/EP
composites as microwave absorbing materials”
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Magnesium-substituted Mng gZng ,Fe,Oy4 ferrite is synthesized by the sol-gel combustion method using citrate acid
as the complex agent. The electromagnetic absorbing behaviors of ferrite/polymer coatings fabricated by dispersing Mn—
Zn ferrite into epoxy resin (EP) are studied. The microstructure and morphology are characterized by X-ray diffraction
and scanning electron microscope. Complex permittivity, complex permeability, and reflection loss of ferrite/EP composite
coating are investigated in a low frequency range. It is found that the prepared ferrite particles are traditional cubic spinel
ferrite particles with an average size of 200 nm. The results reveal that the electromagnetic microwave absorbing properties
are significantly influenced by the weight ratio of ferrite to polymer. The composites with a weight ratio of ferrite/polymer
being 3:20 have a maximum reflection loss of —16 dB and wide absorbing band. Thus, the Mn—Zn ferrite is the potential
candidate in electromagnetic absorbing application in the low frequency range (10 MHz-1 GHz).
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1. Introduction

Recently, electromagnetic interference has attracted
much attention due to the explosive growth in the utilization
of electronic devices.!!"?] Electromagnetic absorbing material
can reduce or weaken the electromagnetic interference sig-
nals and therefore is very important. In this field, ferrite is
a kind of desired material, owing to its big magnetic mo-
ment and high resistivity. The spinel ferrite, such as Mn—Zn
ferrite, exhibits magneto—optical property and well matched
magnetic and dielectric properties.[>* It can be synthesized
by the traditional co-precipitation method, ceramic method,
combustion method, and hydrothermal processing.>-8! How-
ever, these methods can result in poor compositional control,
size inhomogeneity, and phase impurity. Han and Deng,"! Yu
et al.,""% Ren and Zhang,'" and Tian er al.!'?) also have re-
ported that the magnetic properties of the magnetic materials
considerably depended on their shapes, structures, and doped
metals. In order to obtain the ferrite with good properties, an
appropriate preparation method must be used. The sol-gel
combustion method is one of the most promising processes
due to its accurately controlled stoichiometric ratio and simple
preparation technique.!'?! It also has the advantages of homo-
geneous formation, high purity, and good crystalline structure.

Fabrication of ferrite/polymer composite coating has been

[14-16] Among

proved to be a cost-effective and simple process.
the polymers, epoxy resin has aroused a great deal of inter-
est due to the fact that it has unique behaviors in terms of

good mechanics and excellent transparency and it still possess
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the properties of conventional polymers such as flexibility and
easy solidify. Although most ferrite/polymer coatings have
shown electromagnetic wave absorption and shielding proper-
ties, their performances are displayed often in a high frequency
range.[!7-18]

We use the facile sol-gel combustion method to synthe-
size and characterize the magnetic Mn—Zn ferrite. The mi-
crostructure and morphology of the prepared ferrite are inves-
tigated by X-ray diffraction (XRD) and scanning electron mi-
croscope (SEM). The reflection loss of ferrite/EP composite
coatings is tailored by controlling the match between complex
permittivity and permeability resulting from the weight ratio
of ferrite to polymer.

2. Experiment

An aqueous solution was prepared by dissolving the
manganese chloride, iron nitrate, and zinc nitrate which
were weighted according to the stoichiometric proportion
(Mng 8Zng Fe;04) in deionized water with continuous stir-
ring. Citrate acid was added into the aqueous solution with
1:1 molar ratio to metal and then mixed homogeneously with a
magnetic stirring. Ammonia solution was added drop by drop
for tuning the pH to about 7. The final obtained solution was
heated at 90 °C for 6 h to achieve the wet gel. Then, the wet
gel was heated at 100 °C for 2 h, and after that, cooled down
to room temperature to obtain a dry gel. Finally, the dry gel
was sintered at 1000 °C for 2 h to obtain dark grey branched
powders.
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The ferrite/EP composite coatings were fabricated by in-
troducing the Mn—Zn ferrite into epoxy resin and curing agent
mixture with different weight ratios and then stirred homo-
geneously at 60 °C. After that, the mixture was poured into
the designed mould and then cured at 60 °C for 2 h for the
characterization of electromagnetic properties. The samples of
complex permittivity and permeability were prepared to form
a circular disk with 2 cm in diameter and 2 mm in thickness,
and a ring with 2 cm in the outer diameter, 0.5 cm in the inner
diameter, and 2 mm in thickness, respectively. For the reflec-
tion loss sample, the mixed liquid was poured in a circular,
disk-shape with 133 mm in diameter and 2 mm in thickness
and four 5-mm-diameter holes.

XRD was used to investigate the microstructure of syn-
thesized ferrite with Cu Ko radiation. The morphology and
particle size were characterized by SEM. The complex per-
mittivity and permeability of the prepared ferrite/EP compos-
ite coatings were measured by an impedance analyzer (Agi-
lent E4991A: 10 MHz to 1 GHz). The reflection losses of the
composite coatings were characterized by a network analyzer
(Agilent ES062A: 10 MHz to 1 GHz) using the transmission
line method.

3. Results and discussion

The XRD patterns for the synthesized Mng gZng Fe;O4
spinel ferrite powders are shown in Fig. 1. The products are
identified to be mainly Mng §Zng ,Fe,O4 at[311],[440],[22
0], [4 3 0], [2 1 0] and confirmed to be cubic crystal which is in
accordance with the JCPDS standard card.!'”! It indicates that
the sol-gel combustion reaction is almost completed. It can
also be observed that it contains a small amount of y-Fe;O3
due to the crystal transformation of Mng g§Zng 2Fe;O4 at a high
temperature. 2]

Figure 2 displays the morphologies of Mng gZng Fe;O4
spinel ferrite. Figure 2(a) shows the loosely branched powder
with a large number of microscopic pores due to the combus-
tion propagating rapidly. Figure 2(b) shows that particles are

Mn—Zn ferrite particles with typical cubic spinel shapes and
the average particle size calculated from the SEM image is
approximately 200 nm. It indicates that the spinel ferrite par-
ticles are homogeneous crystals and a narrow distribution of
sizes, which is consistent with the analysis of XRD.
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Fig. 1. XRD pattern of prepared ferrite Mng §Zng 2Fe;O4.

The complex permittivity (¢ = € — je”) of Mn-Zn
ferrite/EP composite coatings is investigated as ferrite-to-
polymer ratio (sample a: 1:200; sample b: 1:20; sample c:
3:20; sample d: 5:20; sample e: 7:20; sample f: 9:20) versus
frequency. Figure 3 shows the variations of complex permit-
tivity and dielectric loss angle tangent (tand; = €”/¢’) with
frequency. As shown in Fig. 3, the real part of the com-
plex permittivity increases with the increase in weight ratio
of ferrite to polymer. The dipole polarization and interfacial
polarization between the contiguous particles which were sep-
arated by the epoxy resin result in a high value of dielectric
constant.?1-?2l The higher dielectric constant is attributed to
more polarization resulting from the greater number of ions
when the weight ratio of ferrite to polymer is high. It also dis-
plays that the imaginary parts of samples c—f are higher. The
imaginary part of complex permittivity is due to the relaxation
in polarization and the heterogeneity. The lag in polarization

Fig. 2. (color online) SEM morphologies of Mng gZng 2Fe,Oy4, (a) the loosely branched powder; (b) the magnified image of the selected area.
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is attributed to the externally applied electric field and the elec-
tron hopping between Fe3* and Fe?*.[?3] The heterogeneous
mixture is a result of the ferrite weight ratio increasing with
the decrease in homogeneity of the composite. As an absorb-
ing material, the dielectric loss angle tangent represents the
dielectric loss ability of the material for the electromagnetic
wave. It is found that dielectric loss angle tangents of samples
c and f are higher, resulting from the good matching between
the real part and imaginary part of complex permittivity.
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Fig. 3. (color online) Real and imaginary parts of complex permittivity,
and dielectric loss tangent angle versus frequency for Mng gZng 2Fe;O4
with different weight ratios of ferrite/polymer (sample a: 1:200; sample
b: 1:20; sample c: 3:20; sample d: 5:20; sample e: 7:20; sample f:
9:20).

Figure 4 shows the complex permeability (i = p' —ju’)
spectra. Generally, almost for all samples, the values of u’,
p”, and magnetic loss angle tangent (tan 8, = p”’ /") increase
with the increase of frequency for different weight ratios of
ferrite to the polymer (a: 1:200; b: 1:20; c: 3:20; d: 5:20;
e: 7:20; f: 9:20). The real part of complex permeability (1)
shows a minimum value at about 100 MHz. Both the imagi-
nary part of complex permeability (") and the magnetic loss

angle tangent decrease sharply below 100 MHz and then main-
tain the fluctuation condition with a low value. Both the real
part and the imaginary part of complex permeability increase
with the increase in content of ferrite according to Abbas et
al.”' In addition, the imaginary part of complex permeability
and magnetic loss angle tangent are enhanced as a result of the
relaxation in magnetization due to the applied external alter-
nating field and the ferromagnetic resonance and domain wall

resonance induced by the crystal anisotropy (Hj ) 242!
2K
Hp=—~ 1
A Ms’ ( )

where K is the crystalline anisotropy constant and Mj is the
saturated magnetization of the material which is inversely pro-
portional to the coercive force. The resonance increases with
the increase of coercive force. Therefore, the magnetic loss
ability is proportional to the content of ferrite in composite
coating.
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Fig. 4. (color online) Real and imaginary parts of complex permeability,
and magnetic loss tangent angle versus frequency for Mng §Zng 2Fe;O4
with different weight ratios of ferrite/polymer (sample a: 1:200; sample
b: 1:20; sample c: 3:20; sample d: 5:20; sample e: 7:20; sample f:
9:20).
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Figure 5 shows the electromagnetic wave absorbing char-
acteristics. The input impedance of the absorbing coating can

be defined by the equation: >3

Zin =72y \/Etanh l:‘lzird\/&‘,u] s 2

where Zy (Zy =~ 377 Q) is the characteristic impedance of free
space; the € and u are complex permittivity and complex per-
meability, respectively; d is the thickness of the prepared com-
posite coating. The reflection loss of the composite coatings
can be expressed according to the transmission line theory

as: 23]

Zin—"2p

RL(dB) = 2010
(dB) 8z 7

. 3)

The perfect absorbing property is Zj, = Zp when the complex
permittivity is well matched with the complex permeability.
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Fig. 5. (color online) Reflection losses versus frequency for
Mng gZng 2Fe,04 with different weight ratios of ferrite/polymer
(sample a: 1:200; sample b: 1:20; sample c: 3:20; sample d: 5:20;
sample e: 7:20; sample f: 9:20).

Figure 5 shows the absorption spectra for samples a—f.
It is found that the reflection losses of samples a and b are
smaller than those of other samples, while the reflection losses
of samples e and f are bigger. The maximum reflection losses
of samples a and b are smaller than —14 dB, yielding lower
absorbing properties than others. Although the maximum re-
flection losses of samples e and f are bigger, it is not suitable
for the absorbing coatings due to the large density of the coat-
ing. The reflection loss of sample c is bigger than those of
samples a, b, and d with the maximum value nearly —16 dB
at 800 MHz and the broad absorbing band with a minimum
absorption of 10 dB from 700 MHz to 1 GHz.

In conclusion, it is worthwhile to discuss the technical uti-
lization of the fabricated Mn—Zn ferrite and epoxy resin com-
posite coatings. On the one hand, as an absorbing material,

the reflection loss and absorbing band play an important role

in obtaining the big value of reflection and wide absorbing fre-
quency band. Our research results indicate that samples c, e,
and f are suitable for the electromagnetic absorbing applica-
tion. On the other hand, our research focuses on the potential
applications of coatings in a low frequency range, which can
function as absorbing material to protect the electrical devices
and human body from being influenced by the electromagnetic
radiation. We expect that this type of composite coatings will
reduce the electromagnetic interference and possess the per-
formances of low density, light weight, and better mobility.
For samples e and f, it is hard to form uniform coating for the
big content. Thus, the Mn—Zn ferrite/EP composite coating
with 3:20 weight ratio of ferrite to the epoxy resin (sample c)
can potentially be used in the electromagnetic absorbing field,
owing to its lighter density, higher reflection loss, and wide
absorbing band in a low frequency range.

4. Conclusions

In this work, we design and synthesize spinel ferrite
Mny gZng ,Fe;O4 by the sol-gel combustion method. Mn—Zn
ferrite particles are introduced into epoxy resin to fabricate the
composite coatings. XRD and SEM reveal the typical spinel
crystalline structure of Mn—Zn ferrite particles with an average
size of 200 nm. Compared with the absorption ability of other
absorbing composite coatings, strong absorbing ability with
light density occurs when the weight ratio of ferrite to epoxy
resin is 3:20. A good match between complex permittivity and
complex permeability results in strong absorption and a broad
absorbing band. Therefore, the prepared Mn—Zn ferrite/EP
composite coatings show their potential as electromagnetic ab-
sorbing material in a low frequency range of 10 MHz—-1 GHz.
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