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APRESENTACAO

A Engenharia Mecéanica pode ser definida como o ramo da engenharia que aplica
0s principios de fisica e ciéncia dos materiais para a concepc¢ao, andlise, fabricacéo e
manutencgao de sistemas mecanicos. Nos dias atuais a busca pela redugéo de custos, aliado
a qualidade final dos produtos € um marco na sobrevivéncia das empresas. Nesta obra é
conciliada duas atividades essenciais a um engenheiro mecanico: Projetos e Simulagéo.

A éarea de projetos, simulagdo bem como o desenvolvimento de novo materiais
vem ganhando amplo destaque, pois através de simulagdes pode-se otimizar os projetos
realizados, reduzindo o tempo de execucéo, a utilizagcdo de materiais e os custos finais.

Outra area de grande importancia é o estudo das naturezas térmicas, pois devido
a mudangas significativas no meio ambiente, gradientes cada vez maiores de amplitude
térmica vém sendo registrados. Estes afetem diretamente a processos, previsdes de para
projetos e ainda aos custos finais de produtos.

Dessa forma, séo apresentados trabalhos teoricos e resultados praticos de diferentes
formas de aplicagdo e abordagens nos projetos dentro da grande area das engenharias.
Trabalhos envolvendo simulagdes devido a inser¢do de novos softwares dedicados a areas
especificas, auxiliando o projetista em suas fungdes. Sabe-los utilizar de uma maneira
eficaz e eficiente € um dos desafios dos novos engenheiros.

Neste livro sdo apresentados varios trabalhos, alguns com resultados praticos,
sobre simulagbes em varios campos da engenharia industrial, elementos de maquinas e
projetos de bancadas praticas.

Um compendio de temas e abordagens que constituem a base de conhecimento de
profissionais que se dedicam a projetar e fabricar sistemas mecanicos e industriais.

De abordagem objetiva, a obra se mostra de grande relevancia para graduandos,
alunos de p6s-graduagéo, docentes e profissionais, apresentando tematicas e metodologias

diversificadas, em situacoes reais.

Boa leitura!
Henrique Ajuz Holzmann

Jodo Dallamuta
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REFLECTIVITY BEHAVIOR IN X-BAND OF
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ABSTRACT: Ferrites are widely used in radar
absorbing materials (RAM) processing to adjust
their electromagnetic properties aiming the
attenuation of microwaves. In this work, RAM
based on eight different formulations of Ni Cu, .
Zn,Fe,0, (02 = x = 0.5) nanocrystalline
ferrites were prepared in epoxy resin (50 wt.%).
Reflectivity measurements in the frequency
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range of 8.2 - 12.4 GHz (X-band), performed in
waveguide, show the influence of both ferrite
composition and the heat treatment temperatures
on RAM performance. In a general way, the
samples behave as broadband absorbers (-4
to -10 dB) with the tendency of attenuation in
lower frequencies (< 8.2 GHz). A formulation with
higher Cu molar fraction (x = 0.2) shows resonant
behavior with the maximum attenuation of -30 dB
(99.9% of absorption) at 8.4 GHz.

KEYWORDS: Radar Absorbing Materials, RAM,
Reflectivity, CuNiZn Ferrite, Nanoparticles.

REFLETIVIDADE DE ABSORVEDORES
DE MICRO-ONDAS BASEADOS EM
FERRITA NANOCRISTALINA ESPINELIO
DE NIZN SUBSTITUIDA POR CU NA
BANDA X

RESUMO: As ferritas sdo amplamente utilizadas
no processamento de materiais absorvedores
de radiacdo eletromagnética (MARE) para
ajustar suas propriedades eletromagnéticas
visando a atenuacdo da micro-ondas. Neste
trabalho, MARE com base em oito formulagbes
diferentes de ferritas nanocristalinas NiCu,
Zn,.Fe,0, (0,2 = x < 0,5) foram preparadas
em resina epodxi (50% m/m). As medidas de
refletividade, realizadas em guia de onda, na
faixa de frequéncia de 8,2 - 12,4 GHz (banda X),
mostram a influéncia da composicdo da ferrita
e das temperaturas de tratamento térmico no
desempenho do MARE. De maneira geral, as
amostras se comportam como absorvedores
de banda larga (-4 a -10 dB) com tendéncia de
atenuacdo em frequéncias mais baixas (<8,2
GHz). Uma formulagdo com maior fragdo molar
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de Cu (x = 0,2) mostra comportamento ressonante com atenuagdo maxima de -30 dB (99,9%
de absorgao) em 8,4 GHz.

PALAVRAS-CHAVE: Materiais Absorvedores de Radiacdo Eletromagnética, MARE,
Refletividade, Ferrita CuNiZn, Nanoparticulas.

11 INTRODUCTION

Radar absorbing materials (RAM) development has a great technological importance
and has attracted the worldwide researcher’s attention. Firstly, this area was motivated
by stealth technology used in defense systems and in military platforms. For this, large
investments were applied in research covering a wide frequency range from 1 to 40
GHz [1]. Nowadays, studies related to this area involve besides the military area works
about control of microwaves in the atmosphere, telecommunication area, mobile phones,
and receiving antennas, in satellite transmission and reception, in the medical segment,
anechoic chambers for researches and industrial controls, security employed in aircraft,
ships, automobiles, electronic devices (television, radios, microwave oven) and others.
These studies have involved RAM applied in the frequency range of 10 to 100 GHz [2-10].

RAM are special materials which provide losses of energy. Adjusted in terms of
operating frequency, these materials attenuate the electromagnetic radiation of the incident
wave that is dissipated in form of heat through the Joule effect [1,6]. These materials can be
classified as magnetic or dielectric, according to the used additive, which favors the energy
losses by physical and chemical processes [5,11].

The electric and magnetic properties of RAM can be manipulated in order to reach
a specific property making them absorbers in a determined frequency (resonant absorbers)
or in a broad spectrum of frequencies (broadband absorbers). Magnetic RAM are usually
processed by using carbonyl iron or ferrites in a polymeric matrix [12-15].

Ferrites are an important class of magnetic materials, because the metallic oxides
have magnetic ions arranged in a certain way that promotes spontaneous magnetization
and, also, good dielectric properties. These characteristics confer special properties and
importance for this class of materials. Spinel type ferrites are the most used as microwave
absorber centers and they can be utilized in the frequency range of 3 to 30 GHz [4]. Among
the spinel ferrite type, the NiZn ferrites are the most studied, due to their applications in
electronic industries in high resistivity magnetic device. These materials have inverse
spinel cubic configuration and are ferrimagnetic ceramics. Their chemical compositions are
formed by a solid solution of NiO, ZnO and Fe,O, oxides. Processing variations, such as
preparation of the powder, roasting, grinding and the sintering conditions (temperature, time
and atmosphere)), allow the microstructure control [3,13,14].

Nowadays, the ion substitution in ferrites is being studied. One of the goals is

to improve their performance when utilized as microwave absorber materials. Cation
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combinations or metallic ions change the crystalline magneto anisotropy, providing new
properties and different applications for substituted ferrites [15,16].

There are studies involving the spinel ferrite type, which may contain in its structure
Mg, Mn, Ni, and Li atoms. Ferrites containing Li, Fe, O, have specific characteristics which
make them a good material to be used as microwave absorber. They are inexpensive; their
hysteresis curves are narrow and present high Néel temperature. Mg ferrites are widely
processed for microwave applications due to their high specific resistance from 108 to 10
W.cm, where divalent Mg ion replaces Fe* magnetite form [4]. Some divalent metal ions
such as Ni, Cu, Mn, Zn, Mg and Co can replace the spinel ferrite crystallographic network
allowing its application in RAM processing for the frequency range of 0.5 to 12 GHz [4,5,17].

It's known that different types of cations and their preferred locations in the crystalline
arrangement define the physicochemical characteristics of ferrites and their applications in
different frequency bands. However, the phenomenon that governs the interaction of the
wave with the atoms in the crystalline structure is difficult to understand and rarely found in
the literature [18-21].

In this context, the present study aims to contribute to the RAM processing area
showing the reflectivity behavior, in the frequency range of 8.2 — 12.4 GHz, of eight samples
prepared with Cu substituted NiZn spinel ferrite nanocrystalline in an epoxy resin matrix.
The used spinel ferrite presented the stoichiometry of Ni Cu . Zn . Fe,O, with the molar
fraction of 0.2 < x < 0.5.

21 MATERIALS AND METHODS

2.1 Ferrite syntheses

Ferrites based on Ni Cu, . Zn,.Fe,O, stoichiometry were supplied by the Department
of Chemistry from Universidade Federal do Rio Grande do Norte (UFRN)/Brazil and their
preparation were based on the literature [22,23]. The used synthesis route was based on
the citrate precursor method in the molar fraction 0.2 < x < 0.5. Table 1 shows the used
stoichiometries and the used heat treatment temperatures at 1000 and 1100 °C.

2.2 RAM preparation

RAM samples preparation was carried out in a bicomponent epoxy resin matrix,
commercially available as Araldite Professional from CIBA Co. The samples were prepared
by mixing 50 wt.% of the calcined nanoferrites in epoxy resin (Table 1). Afterwards, the
formulations were cast in brass metal molds measuring (22.8 mm x 10.8 mm x 10 mm). The
epoxy resin formulations were cured at room temperature for 24 hours.

The thickness of each sample was carefully adjusted according to Nicholson Ross
model, considering the parameter )\9/4 [24,25]. This procedure is described in details in
the literature [26]. Manual grinding taking attention with the parallelism of the specimen
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surfaces was performed to make the thickness adjustment. Table 1 depicts the sample

codes and the correspondent thickness values.

Sample code ferrite/epoxy resin (50 wt.%) Thickness (mm)
A Ni, .Zn, .Fe,O, calcined at 1000 °C 3.80
B Ni, .Zn, ,Fe,O, calcined at 1100 °C 3.40
C Ni, ,Cu, ,Zn, .Fe,O, calcined at 1000 °C 5.10
D Ni,,Cu,,Zn, .Fe,O, calcined at 1100 °C 3.40
E Ni,,Cu, ,Zn, .Fe,O, calcined at 1000 °C 5.32
F Ni, ,Cu, ,Zn, .Fe,0, calcined at 1100 °C 4.96
G Ni,,Cu, ,Zn, .Fe,0, calcined at 1000 °C 5.20
H Ni, ,Cu, ,Zn, .Fe,O, calcined at 1100 °C 3.90

Table 1 — RAM samples and their thickness values used for the reflectivity measurements.

2.3 Electromagnetic characterization

Reflectivity measurements were taken so as to obtain the attenuation values of the

incident electromagnetic wave in the prepared RAM. These measurements were obtained
in a vector network analyzer (Hewlett Packard 8510C, Hewlett-Packard, USA, with WR
90 calibration kit, in the frequency range of 8.2 to 12.4 GHz (X-band). The waveguide

technique involves a device made with high mechanical precision, where the propagation

of electromagnetic wave occurs in a closed system [24]. This system, basically, consist of

a waveguide with one terminal to generate the microwave signal and other to collect de the

reflected signal that is conducted for spectral analysis [27]. In this methodology, a metal

plate (aluminum plate) is located behind the sample. Figure 1 shows schematically the used

apparatus.

Ea

Waveguide

{metallic)

Tottaly
reflective

plate

sample Metallic thin film

Figure 1. Waveguide setting used for the reflectivity measurements of the RAM samples.
Adapted from [27]. E_: absorbed energy; E : reflected energy; E: incident energy; E: transmitted

energy.

A Aplicacao do Conhecimento Cientifico na Engenharia Mecanica 2

Capitulo 7



31 RESULTS AND DISCUSSION

RAM based on Ni, Zn, .Fe,O, ferrite

Figure 2 shows the reflectivity behavior of RAM samples containing the Ni, .Zn, Fe,O,-
nanoferrite in epoxy resin (50% wt). The black line represents a full reflector material as
reference, i.e., zero electromagnetic wave attenuation. Curve A shows the reflectivity values
of the ferrite calcined at 1000 °C (sample A in Table 1). Attenuation values of approximately
-4.0 dB in the frequency range of 9 to 10 GHz and the maximum attenuation peak of -4.2 dB
at 9.3 GHz are observed. Curve B shows the reflectivity behavior of this ferrite heat treated
at 1100 °C. This formulation presents a peak at 8.2 GHz and its reflectivity value is -7.6 dB,
with the tendency of higher attenuation values for lower frequencies (< 8.2 GHz). In this
case, the experimental results show better RAM performance for the formulation containing
ferrite heat treated at 1100°C. This result suggests that the temperature increasing from
1000 to 1100 °C changed the magnetic characteristics of the ferrite improving the RAM

performance.

ferrite Ni, .Zn, ;Fe,O, - [14

Attenuation (dB)
i

N
N

8 9 10 11 12 13
Frequency (GHz)

Figure 2 — Reflectivity curves of RAM samples as function of the frequency, prepared with
Ni; .Zn, Fe,O, ferrite treated at 1000 °C (code A) and 1100 °C (code B).

RAM based on Ni, ,Cu, Zn, Fe,O, ferrite

Figure 3 presents the reflectivity values of samples C and D. As observed in Fig. 2,
the black line represents a 100% reflector material (reference). Curve C is representative of
the attenuation behavior of C-sample heat treated at 1000 °C. Comparing curves A (Fig. 2)
and C (Fig. 3) it is observed the influence of the Cu (x = 0.4) adding on NiZn ferrite (Table
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1). This comparison shows that the RAM performance improves below 10 GHz (curve C)
with a maximum reflectivity value of -7.6 dB at 8.2 GHz. This curve suggests also that
better attenuation contributions in lower frequency range (< 8.2 GHz) can be obtained.
Reflectivity values of sample D show maximum attenuation of -8.1 dB at 8.2 GHz, with the
same tendency observed for sample C, i.e., better RAM performance in lower frequencies.
Comparing curves C and D it is also observed the temperature influence on the ferrite
behavior. In this case better reflectivity results are observed for the RAM prepared with the
ferrite treated at 1100 °C.

ferrite Ni, ,Cu, .Zn, Fe,0, - [14

Attenuation (dB)
3

144

164

-184

-20

8 9o 1 11 12 13
Frequency (GHz)

Figure 3 — Reflectivity curves of RAM samples as function of the frequency, prepared with
Ni, ,Cu, .Zn Fe,O, ferrite treated at 1000 °C (code C) and 1100 °C (code D).

RAM based on Ni, ,Cu, ,.Zn, Fe,O, ferrite

Figure 4 shows the reflectivity values for samples E and F, calcined at 1000 °C and
1100 °C, respectively (Table 1). The observed behaviors are similar to those verified in Fig.
3. In this case, the Cu concentration increasing (x = 0.3) in the NiZn ferrite and the heat
treatment temperature do not show significant influence on the RAM performance. The
sample calcined at 1000 °C presents a maximum attenuation value of -9.4 dB at 8.2 GHz,
with the tendency of better results for lower frequencies (<8.2 GHz). Sample F presents a
maximum peak at 8.3 GHz of -8.4 dB.
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Figure 4 — Reflectivity curves of RAM samples as function of the frequency, prepared with
Ni, ,Cu, ,Zn  Fe O, ferrite treated at 1000 °C (code E) and 1100 °C (code F).

RAM based on Ni, ,Cu, Zn, Fe,O, ferrite

Figure 5 shows the reflectivity curves of RAM based on Ni,,Cu,.Zn Fe,O, ferrite
formulations, calcined respectively at 1000 °C (code G) and 1100 °C (code H). The curve
G presents the reflectivity values of this ferrite heat treated at 1000 °C. In this case the
incident electromagnetic wave showed an attenuation of -4.0 dB in the frequency range of 9
to 10 GHz, with a maximum value of -10 dB in 8.2 GHz. The curve H shows the reflectivity
behavior of the sample treated at 1100°C with a maximum value of -30 dB at 8.4 GHz. This
value corresponds to 99.9% of absorption, according to the conversion table of attenuation
(dB) in absorption (%) [28]. These results show clearly the influence of the Cu concentration
in the ferrite composition (x = 0.2) the heat treatment temperature and the wave phase
canceling [1,29] on the RAM performance.

ferrite Nig,,Cu, .Zn, Fe,0, - [14

j' G
] ~

=/

Attenuation (dB)

10 1 12 13
Frequency (GHz)

0

Figure 5 — Reflectivity curves of RAM samples as function of the frequency, prepared with
Ni, ,Cu, ,Zn, Fe O, ferrite treated at 1000 °C (code G) and 1100 °C (code H).
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Table 2 summarizes the values of maximum attenuation and the frequency of
maximum attenuation for the RAM samples studied. In a general way, the analysis of the
data shows the maximum attenuation increase with the calcination temperature increment
and also with the Cu concentration increase in the NiZn ferrite. The tendency of larger
attenuation with the calcination temperature increase is cited in a previous work [22]. In

this study, Lima et al. [22,23] show that this same ferrite type (Ni Cu,, Zn Fe,O,) when

0.5-x
calcined at 1100 °C presents a more intense domain walls mobility due to both the coercive
field decrease and the particle size increase. As a consequence, this behavior increases
the magnetization and consequently the energy absorption for the ferrite electronic structure
that is lost as heat by Joule effect [1,29].

On the other side, the decrease in Ni and the increase in Cu in the ferrite structure
promoted larger microwave attenuation. The Cu increment favors the oxygen vacancy
formation. These defects relief the domain walls mobility and favors their expansion when
submitted to magnetic fields [23]. Meshram et al. [30] show also that increasing the Cu
concentration and decreasing the Ni concentration the coercive field of ferrite decreases.
Thus, this author suggests that the increase in Cu concentration contributes to the increase
of wave attenuation. This consideration is in concordance with the experimental results
obtained in the present study.

The resonance observed in curve H (-30 dB) is probably favored by the Cu
concentration, the calcination temperature increase, and also by the wave phase canceling
due to the sample thickness-wavelength matching of the tested specimen, as mentioned in
the literature [1,29].

Sample code Sample Maximum attenuation  Frequency of the maximum
(dB) attenuation (GHz)
A Ni,.Zn, ;Fe,O, calcined at 1000 °C -4.2 9.3
B Ni,.Zn, .Fe,O, calcined at 1100 °C -7.6 8.2
C Ni, ,Cu, ,Zn, .Fe,O, calcined at 1000 °C -7.6 8.2
D Ni; ,Cu, .Zn  Fe,O, calcined at 1100 °C -8.1 8.2
E Ni, ,Cu,,Zn, .Fe,0, calcined at 1000 °C -9.4 8.2
F Ni,,Cu,,Zn, Fe,O, calcined at 1100 °C -8.4 8.3
G Ni, ,Cu, ,Zn, .Fe,O, calcined at 1000 °C -10 8.2
H Ni,,Cu, ,Zn, .Fe,O, calcined at 1100 °C -30 8.4

Table 2 — Maximum attenuation and the frequency of the maximum attenuation of the RAM
samples.

41 CONCLUSIONS

Radar absorbing materials based on Ni Cu,, Zn .Fe,O, (0.2 < x < 0.5) and epoxy
resin showed good microwave attenuation values in the frequency range of 8.2 and 12.4
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GHz. The increase either the copper ion concentration in the NiZn-ferrite and the calcined
temperature favored the wave attenuation in the RAM studied. Different ferrite stoichiometries
are responsible for different attenuation values of the incident microwaves (-4.2 to -30 dB)
with the tendency of better attenuation behavior in lower frequencies (< 8.2 GHz). RAM
formulated with ferrite containing Cu-molar fraction of x = 0.2 presented resonant behavior
with attenuation value of -30 dB (99.9% of absorption) at 8.4 GHz.
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