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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
of the requirement for Master of Science
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CERAMIC METHOD AND MECHANICAL ALLOYING PROCESSING OF
Ti-Co-Mn-Ni SUBSTITUTED BARIUM FERRITE

By

CHEN HONGXU

May 2024

Chairman : Associate Professor Raba’ah Syahidah binti Azis, PhD

Institute  : Nanoscience and Nanotechnology

Many attempts have been made to identify nanomaterials with high reflection loss to
improve electromagnetic microwave absorption. In this study, barium hexagonal
nanocomposites (BaFei2019) and substituted barium hexagonal ferrite composites
BaTiCoo.sMnxNiosxFe10019 (x = 0.25, 0.3, 0.35, 0.4) were synthesized using high
energy ball milling to investigate their magnetic and electromagnetic microwave
adsorption properties. The goal is to address the challenge of creating homogeneous,
fine-grained materials for high-GHz band applications, where electromagnetic

interference remains a problem.

Initially, the samples underwent processing optimization by several stages: mixing by
mortar (M), calcination (C), sintering (S) and high energy ball milling (HEBM) (H) to
determine the best method to obtain highly crystalline nanoparticles for Microwave
Absorber (MA) materials. The calcination-sintering-HEBM (CSH) method proved to

be the most effective and was used to prepare the MA composite. The raw powder



underwent conventional milling for 5 hours, calcination at 1000 °C for 5 hours,
sintering at 1300 °C for 5 hours, and then mechanical alloying for 5 hours. The samples
were then investigated their structural, microstructural, elemental, magnetic, and
microwave properties using an X-ray diffraction (XRD), a field emission scanning
electron microscopy (FESEM), an energy dispersive X-ray analysis (EDX) a vibrating
sample magnetometer (VSM), and a vector network analyzer (VNA). XRD data
revealed that all the samples are crystalline ferrite with a hexagonal crystal structure.
The XRD spectra showed that the peaks of the milled samples are broader than those
of the un-milled samples, with the smallest particle size being 79.09 nm, as indicated
by FESEM micrographs. VSM results exhibited that saturation magnetization (M)
decreases with milling time and Mn content. The BaTiCoo.sMno4Nio.iFe10019 sample
with the substitution value of x =0.4 had the lowest reflection loss (RL) of —40.37 dB
at 13.7 GHz with at a thickness of 2 mm through a CSH synthesis. Thus,
BaTiCoo.sMno4Nio.1Fei0019 demonstrated excellent reflection loss and higher
absorption of incident electromagnetic radiation, addressing the urgent problem of

electromagnetic pollution.

Keyword: Calcination, Mechanical Alloying, M-Type, Nano-Ferrite Composite,
Sintering.

SDG: GOAL 9: Industry, Innovation and Infrastructure
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk [jazah Master Sains

PENAMBAHBAIKAN SIFAT PENYERAPAN GELOMBANG MIKRO
MELALUI KAEDAH SERAMIK DAN PEMPROSESAN PENGALOIAN
MEKANIKAL BARIUM FERIT YANG DISUBSTITUSI DENGAN Ti-Co-Mn-
Ni

Oleh

CHEN HONGXU

Mei 2024

Pengerusi : Profesor Madya Raba’ah Syahidah binti Azis, PhD

Institut : Nanosains dan Nanoteknologi

Banyak usaha telah dilakukan untuk mengenal pasti nanomaterial dengan kehilangan
pantulan yang tinggi untuk meningkatkan penyerapan gelombang mikro
elektromagnetik. Dalam kajian ini, nanokomposit heksagonal barium (BaFei2019) dan
komposit ferit heksagonal barium yang disubstitusi BaTiCoo.sMnxNio.sxFe10O19 (x =
0.25, 0.3, 0.35, 0.4) telah disintesis menggunakan penggilingan bola berkecepatan
tinggi untuk menyiasat sifat magnetik dan penyerapan gelombang mikro
elektromagnetiknya. Tujuannya adalah untuk menangani cabaran mencipta bahan
homogen berbutir halus untuk aplikasi jalur tinggi-GHz, di mana gangguan

elektromagnetik masih menjadi masalah.

Pada awalnya, sampel menjalani pengoptimuman pemprosesan melalui beberapa
peringkat: pencampuran dengan mortar (M), kalsinasi (C), pensinteran (S), dan
penggilingan bola berkecepatan tinggi (HEBM) (H) untuk menentukan kaedah terbaik

untuk memperoleh nanopartikel kristal tinggi untuk bahan Penyerap Gelombang

il



Mikro (MA). Kaedah kalsinasi-pensinteran-HEBM (CSH) terbukti paling berkesan
dan digunakan untuk menyediakan komposit MA. Serbuk mentah menjalani
penggilingan konvensional selama 5 jam, kalsinasi pada 1000 °C selama 5 jam,
pensinteran pada 1300 °C selama 5 jam, dan kemudian pengaloian mekanikal selama
5 jam. Sampel kemudiannya disiasat untuk sifat struktur, mikrostruktur, unsur,
magnetik, dan gelombang mikro menggunakan pembelauan sinar-X (XRD),
mikroskopi elektron pancaran medan (FESEM), analisis sinar-X serakan tenaga
(EDX), magnetometer sampel bergetar (VSM), dan penganalisis rangkaian vektor
(VNA). Data XRD menunjukkan bahawa semua sampel adalah ferit kristal dengan
struktur kristal heksagonal. Spektra XRD menunjukkan bahawa puncak sampel yang
digiling adalah lebih lebar daripada sampel yang tidak digiling, dengan saiz zarah
terkecil ialah 79.09 nm, seperti yang ditunjukkan oleh mikrograf FESEM. Keputusan
VSM menunjukkan bahawa magnetisasi tepu (Ms) berkurang dengan masa
penggilingan dan kandungan Mn. Sampel BaTiCoo.sMno4Nio.1Fe10019 dengan nilai
substitusi x = 0.4 mempunyai kehilangan pantulan (RL) terendah iaitu -40.37 dB pada
13.7 GHz dengan ketebalan 2 mm melalui sintesis CSH. Oleh itu,
BaTiCoo0.sMno4Nio.1Fei0019 menunjukkan kehilangan pantulan yang sangat baik dan
penyerapan yang lebih tinggi terhadap radiasi elektromagnetik yang terlibat,

menangani masalah mendesak pencemaran elektromagnetik.

Kata kunci: Jenis-M, Kalsinasi, Komposit Nano-Ferit, Paduan Mekanikal,
Penyinteran.

SDG: MATLAMAT 9: Industri, Inovasi dan Infrastruktur
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CHAPTER 1

INTRODUCTION

1.1 Background of study

The ongoing advancements in science and technology, coupled with the modernization
of digital devices like computers, smartphones, and airplanes, as well as the extensive
development of 5G, result in electromagnetic radiation that poses a significant threat
to human health and the environment (Wang et al., 2014; Wongkasem et al., 2021).
Investigating superior electromagnetic performance and microwave absorption
materials becomes crucial to resolving this issue. The electromagnetic absorption
capabilities of typical electromagnetic wave-absorbing nanomaterials, such as carbon,

Fe, Fe304, and CNTs, have advanced significantly in recent years (Wen et al., 2023).

The utilization of electromagnetic wave absorption nanomaterials for mass production
has been substantially impeded by some drawbacks, including a complex synthesis
procedure for nanostructures and difficulties in mass production (Zeng et al., 2020).
Therefore, to create nanomaterials that will increase the effectiveness of
electromagnetic microwave absorption, the solid phase synthesis method—which
offers a straightforward and affordable manufacturing process—was selected for this
work (Ivanov et al., 2011). The solid phase synthesis process has limitations, though,
including stoichiometric losses, inhomogeneous particle size and shape, poor junction
behavior, a lack of repeatability, and multiphase characteristics (Ivanov et al., 2012).

Therefore, optimizing the process variables, such as mechanical milling sintering,



sintering temperature, sintering time, type of substituent, and amount of substituent, is
necessary to improve the performance of barium oxide as a microwave absorber and

to optimize the solid phase synthesis method (Bodaghi et al., 2008).

Similarly, the effect of dielectric and magnetic nanomaterials in microwave absorption
has yet to be explicitly explored as a function of particle size in numerous studies; it is
undeniable that particle size appears to be a critical factor in microwave absorption
(Elmahaishi et al., 2024). Thus, the size of nanomaterials is related to their tendency
to enhance electromagnetic interactions, which provides a better match for microwave
absorption (Elmahaishi et al., 2024). It is essential to investigate the materials'
microwave absorption and electromagnetic properties and study process optimization
to develop materials with superior microwave absorption and electromagnetic

properties (Elmahaishi et al., 2022).

Wang et al. (2022) stated that single-phase M-type ferrite could surpass its
performance limitations through ion doping or elemental substitution that enhances the
physicochemical properties of M-type ferrite. The physical and chemical properties of
M-type ferrites can also be improved by ion doping or other oxides. Doping or
additional oxide doping can increase the coercivity and saturation magnetization

strength and reduce the anisotropy field of m-type ferrites (Zhao et al., 2007).

Based on the above discussion, this thesis focuses on alloying methods and M-type

element substitution to investigate the effect on microwave absorption properties.

1. Ceramic and alloying method study: Four different solid-state synthesis
processes were designed to synthesize nanomaterials, using grinding time and
heat treatment as essential considerations. We explore these methods to
discover the most optimized solid-state synthesis technique.

2



2. Element substitution experiment: This experiment mainly investigated the
barium hexagonal nanocomposite (BaFei2019) and substituted barium
hexagonal ferrite nanocomposite with a chemical formula of
BaTiCoo.sMnxNio.s-xFe10019 (x = 0.25, 0.3, 0.35, 0.4) with the variation of Mn
and Ni concentration on the microwave absorption property of the microwave
absorption performance.

This study will thoroughly investigate the electromagnetic absorption characteristics
of M-type ferrite nanomaterials, the preparation technique, the characterization
procedure, and their particular applications to accomplish these two goals. In addition,
BaFe12019 and BaTiCoosMnxNiosxFe10019 (x = 0.25, 0.3, 0.35, 0.4) materials are
prepared for the first time by solid-phase synthesis in the present experiments, aiming
to enhance their performance in terms of broadband and high absorption levels and
provide more in-depth theoretical and theoretical insights for the cost-effective
production of microwave-absorbing and electromagnetism-enhancing nanomaterials
with excellent microwave absorption and electromagnetic properties by providing a

more in-depth theoretical and practical foundation.

With the advancement of science and technology, the usage of 5G in a significant
number of buildings will enhance the danger of electromagnetic radiation to humans
(Liu et al., 2017). Exploring materials with outstanding microwave absorption and
electromagnetic properties has become the key to solving this problem, and people are
also interested in M-type hexagonal ferrites with microwave absorption and
electromagnetic properties (Chen et al., 2010). The microwave absorption and
electromagnetic properties of BaFei12019 and BaTiCoo.sMnxNio.sxFe10019 (x=0.25, 0.3,
0.35, 0.4) are examined in this study. This thesis will explain the knowledge of
alternative magnetic polymer nanocomposites with high-frequency absorption for

microwave absorption, electromagnetism, calcination, and sintering applications. This



experiment explored reflection and absorption to find effective absorbers with high

absorption over a wide frequency range.

1.2 Brief introduction to electromagnetic properties of composite as M-type
ferrite

M-type ferrite composites, also known as hexaferrites, exhibit unique electromagnetic

properties that make them highly suitable for various applications in electronics and

telecommunications (Mathews et al., 2021). These qualities arise from their inherent

magnetic and dielectric properties at the nanoscale, which are significantly modified

by their chemical composition, crystal structure, and the methods involved in their

manufacture (Gleiter et al., 2019).

M-type ferrites, with their high magnetic permeability and low conductivity, are
excellent materials for high-frequency applications (Zeng et al., 2020). They exhibit
high saturation magnetization due to the alignment of their magnetic moments,
resulting in superior electromagnetic characteristics. Additionally, their inherent
ferrimagnetism contributes to their magnetic solid anisotropy, leading to high
coercivity values (Won et al., 2022). This means that M-type ferrite nanocomposites
can maintain their magnetization even without an external magnetic field, a property

highly valued in permanent magnet applications (Elmahaishi et al., 2020).

The electromagnetic properties of M-type ferrite nanocomposites also extend to their
dielectric behavior (Pullar et al., 2012). These materials exhibit low dielectric loss, a
measure of energy dissipated as heat when subjected to an alternating electric field

(Abbas et al., 2007). M-type ferrite nanocomposites' magnetic and dielectric properties



can be tailored to meet specific application requirements by varying factors such as
particle size morphology or adding other materials to form composites (Althomali et

al., 2024).

For instance, introducing other metal ions into the ferrite structure can enhance
magnetic permeability, increase saturation magnetization, or reduce dielectric loss,
depending on the ions used (Sardar al., 2024). In summary, the electromagnetic
properties of M-type ferrite nanocomposites, ranging from their high magnetic
permeability and low conductivity to their low dielectric loss, make them promising
materials for various applications (Kaur et al., 2006). These properties can be fine-
tuned by carefully manipulating their composition and structure, offering vast potential
for innovation in electronics, telecommunications, and related fields (Nielsen et al.,

1994).

1.3 Recent research and motivation for this work

Recent research on M-type ferrite nanocomposites has highlighted their potential as
effective microwave absorbers, mainly due to their inherent magnetic and dielectric
properties, which enable them to absorb electromagnetic waves and convert them into
heat [Wang et al., 2022]. This microwave-absorbing capability is critical in many
applications, including electromagnetic interference (EMI) shielding, radar stealth

technology, and microwave devices [Kim et al., 2024].

Several recent studies have shown that preparing substituted hexagonal ferrites by
conventional solid-phase reactions improved microwave absorption properties. For

example, Won et al. (2022) showed that new opportunities for EMI material



development were opened by solid-phase synthesis of MXene/BaCoo.3Ti0.3Fe11.4019
hexagonal ferrite composites for millimeter-wave applications. In another study, Kaur
et al. (2020) published that synthesized SriyLayFei2O19 as microwave absorbing
material in the frequency range of 18-40 GHz exhibited minimal reflection loss (RL)
absorption more significant than 90%; this material has a great potential to be used as

an efficient material microwave absorber.

In addition, substitution in M-type ferrite composites is also an effective way to
enhance their microwave absorption capability. For example, the microwave
absorption capabilities of Ce-substituted M-type ferrites are greatly improved, and
BaCeo.osFei1.95019 can be employed as an excellent microwave absorbing material in
the 8.0-13.0 GHz range. (Chang et al.,, 2012). (Gujral et al., 2021) M-type
BaosSrosCoxLaxFei2-2xO19  hexagonal ferrite, showing that doping improves
impedance matching and increases microwave absorption and bandwidth of the

absorbed prepared compositions.

Despite these achievements, there are still certain obstacles to overcome. One of the
most critical difficulties is the trade-off between absorber thickness and absorption
capacity. Thin absorbers are desired for practical applications, but their absorption
capacity is generally modest (Gama et al., 2007). Another problem is achieving a broad
absorption bandwidth, which is necessary for many applications with a wide range of

operating frequencies (Zhang et al., 2021).

Motivated by the promising results of recent studies and the existing challenges, this

thesis aims further to explore the microwave absorption properties of M-type ferrite



nanocomposites. Specifically, this work will focus on different steps of solid-phase
synthesis methods and dopant-substituted composite formulations to enhance M-type
ferrites' microwave absorptivity and bandwidth. By addressing these issues, this
research aims to facilitate the development of high-performance microwave absorbers

and to advance current microwave technology.

14 Problem statement

The high emission of EM waves into the atmosphere is a severe health danger (Liu et
al., 2017). To improve EM absorption properties, new systems have been evolved
comprising magnetic fillers, including soft spinel ferrite and hard M-type ferrite (Chen
et al., 2010). Microwave materials with good absorption are in high demand to solve
electromagnetic interference (EMI) problems in commercial and industrial electronics.
Nowadays, increasingly fierce military competition has promoted the development of
various high-tech military equipment, especially stealth fighters and drones, which
face challenges in effectively absorbing electromagnetic (EM) waves (Zeng et al.,
2020). The electromagnetic radiation (EM radiation) produced by constantly evolving
digital equipment, such as mobile phones, computers, and 5G stations, has had a
negative impact on physical health (Qiang et al., 2015). Therefore, developing
numerous improved materials for EM wave absorption is crucial. High reflection loss
(RL), thin thickness, wide bandwidth, and low density are the primary markers for
effective EM wave absorbers (Meng et al., 2015). Enhance impedance matching in

electromagnetic absorbers to improve microwave absorption efficacy.

The current research aims to find the optimal solid-phase synthesis method for the

large-scale production of high-quality nanoparticles. Of particular interest are Mn-Ti-



Co-Ni-substituted barium oxides, which exhibit excellent reflection loss performance
in thin-layer structures and broadband conditions, which are essential for microwave
radiation pollution reduction and military stealth technology. However, we face the
following challenges and problems in fabricating thin-layer and broadband radar wave

absorbers:

1. Although many researchers have used solid-phase synthesis to produce
magnetic nanomaterials for microwave absorption, achieving materials with
uniform shapes, fine particles, and consistent reproducibility remains a
significant challenge.

2. Barium oxides have been extensively studied as microwave-absorbing
materials; however, few studies have focused on developing thin and
broadband radar wave absorbers using Ti-Co-Mn-Ni substituted barium oxides.

3. While various microwave absorber materials have been developed, issues
related to electromagnetic interference and compatibility in the high GHz band
remain unresolved.

4. Due to its tunable anisotropic field, M-type hexaferrite is considered an ideal
microwave-absorbing material in the high GHz band. However, enhancing its

dielectric loss remains challenging due to its reduced permeability in the high
GHz band, resulting in weak resonant absorption and a narrow frequency range.

Therefore, our investigation into various solid-phase synthesis methods and different
doping ratios has led to the identification of microwave-absorbing materials that are
highly effective within the 8 to 18 GHz frequency range. These materials exhibit
significant reflection loss, wide bandwidths, and reduced coating thicknesses,

representing a key achievement in enhancing production quality and efficiency in this

field.

1.5 Objective

Ferrites are magnetic oxide materials with superior electric-magneto properties
suitable for elevated frequency applications. These properties include outstanding
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permittivity, excellent permeability, and minimal loss, which are influenced by
microstructural characteristics (Dey et al., 2024). This research was performed to study
the morphological, microstructural, magnetic, and dielectric properties of barium
ferrite and Ti-Co-Mn-Ni substitution barium ferrite composite (BaTiCoo.sMnxNio.s-
xFe10019 (x = 0.25, 0.3, 0.35, 0.4)). The specific objectives of the study are as follows:

1. To investigate the effect of M-type particle size on the structure, morphological,

magnetic, and microwave properties of M-type composites through various
alloyed methods (SM, SH, CSM, CSH).

2. To study the barium hexagonal composite (BaFe12019) and substituted barium
hexagonal ferrite composite with a chemical formula of BaTiCoo.sMnxNio.s-
xFe10019 (x =0.25, 0.3, 0.35, 0.4)) with a variation of Mn and Ni concentration,
in the structural, magnetic, morphological/ microstructural and microwave
properties of hexagonal ferrites.

1.6 Thesis Outline

The current experiments concentrated on barium ferrite's structural, morphological,
electromagnetic, magnetic, and adsorption examinations. The solid-phase synthesis of
the barium hexagonal nanocomposite (BaFei12019) and substituted barium hexagonal
ferrite nanocomposite with a chemical formula of BaTiCoo.sMnxNio.sxFe10019 (x =
0.25, 0.3, 0.35, 0.4) were reviewed, as were the effects of varied heat treatments, high-
energy milling duration, and Mn-Ni doped on BaTiCoo.sMnxNio.s-xFe10019. This thesis
1s divided into six chapters. Chapter 1 provides a general introduction to the research
work, barium ferrite nanocomposite and electromagnetic properties of nanocomposite
as an M-type ferrite, a statement of the problem, objectives of the study, and the
significance of the study. Chapter 2 reviews relevant literature on methods of
preparing barium ferrite nanocomposite (BFN), sintering, calcining, doped M-type

ferrite, and high energy milling time. The structural, magnetic and



electromagnetic/magnetodielectric properties of BFN and its derived compounds were
also reviewed. Chapter 2 covers theoretical aspects of the subject, including the theory
of the crystal structure, magnetic characteristics, and microwave absorption of barium
ferrite. It explains magnetism and its type, intrinsic and extrinsic magnetic properties,
and barium structure. Chapter 3 deals with materials and sample preparation methods.
The different characterization measurements involved in the research are presented.
Chapter 4 outlines the sample characterization results and discussion. Finally,
Conclusions drawn from the research findings are presented and discussed in Chapter

5.

10



REFERENCES

Abbas, S., Dixit, A., Chatterjee, R., & Goel, T. (2007). Complex permittivity, complex
permeability and microwave absorption properties of ferrite—polymer

composites. Journal of Magnetism and Magnetic Materials, 309(1), 20-24.
https://doi.org/10.1016/j.jmmm.2006.06.006.

Abeysinghe, J. P., & Gillan, E. G. (2022). Thermochemical reaction strategies for the
rapid formation of inorganic solid-state materials. Dynamic Processes in Solids,
51-95. https://doi.org/10.1016/B978-0-12-818876-7.00005-2.

Adeela, N., Khan, U., Igbal, M., Riaz, S., Irfan, M., Ali, H., Javed, K., Bukhtiar, 1.,
Maaz, K., & Naseem, S. (2016). Structural and magnetic response of Mn

substituted Co2 Y-type barium hexaferrites. Journal of Alloys and Compounds,
686, 1017-1024. https://doi.org/10.1016/j.jallcom.2016.06.239.

Abharoni, A. (2000). Introduction to the Theory of Ferromagnetism, Clarendon Press,
109.

Akhtar, M. N., Sulong, A., Ahmad, M., Khan, M. A., Ali, A., & Islam, M. (2016).
Impacts of Gd—Ce on the structural, morphological and magnetic properties of
garnet nanocrystalline ferrites synthesized via sol—gel route. Journal of Alloys
and Compounds, 660, 486-495. https://doi.org/10.1016/j.jallcom.2015.11.146.

Alam, M., Kagomiya, 1., & Kakimoto, K. (2022). A comprehensive study of structure,
oxygen vacancy, and electrical properties of Mg2+ introduced in barium
hexaferrite synthesized via spark plasma sintering. Journal of Solid State
Chemistry, 309, 122976. https://doi.org/10.1016/j.jssc.2022.122976.

AlLla, I., Amin, N., Rehman, A., Akhtar, M., Fatima, M., Mahmood, K., ... & Bibi, A.
(2020). Electrical and magnetic properties of BaCoxCd2-xFel6027 W-type
hexaferrites (0< x< 0.5). Digest J. Nanomater. Biostruct, 15(1), 67-73.
https:10.15251/DJNB.2020.151.67.

Althomali, R. H., & Ullah Asif, S. (2024). Tailoring the structural, magnetic and
dielectric properties in holmium doped Ca-Ba hexaferrite nanoparticles by
regulating the Ca-Ba (1:1) concentration for magnetic and electric applications.

Inorganic Chemistry Communications, 168, 112956.
https://doi.org/10.1016/j.inoche.2024.112956.

Al-Senani, G. M., Al-Fawzan, F. F., Almufarij, R. S., Abd-Elkader, O. H., & Deraz,
N. M. (2022). Magnetic Behavior of Virgin and Lithiated NiFe204
Nanoparticles. Crystals, 13(1), 69. https://doi.org/10.3390/cryst13010069.

Amiri, Gh. R., et al. (2011). Magnetic properties and microwave absorption in Ni—Zn
and Mn—Zn ferrite nanoparticles synthesized by low-temperature solid-state
reaction. Journal of Magnetism and Magnetic Materials, 323(6), 730-734.
https://doi.org/10.1016/j.jmmm.2010.10.034.

154



Amiri, G., Yousefl, M., Abolhassani, M., Manouchehri, S., Keshavarz, M., & Fatahian,
S. (2011). Magnetic properties and microwave absorption in Ni-Zn and Mn—Zn
ferrite nanoparticles synthesized by low-temperature solid-state reaction.
Journal of Magnetism and Magnetic Materials, 323(6), 730-734.
https://doi.org/10.1016/j.jmmm.2010.10.034.

Bayrakdar, H. (2011). Complex permittivity, complex permeability, and microwave
absorption properties of ferrite—paraffin polymer composites. *Journal of
Magnetism and  Magnetic Materials, 323%(14), 1882-1885.
https://doi.org/10.1016/j.jmmm.2011.02.030.

Beheshti, M., & Malekfar, R. (2021). A novel approach for the synthesis of lanthanum
aluminate nanoparticles using thermal shock assisted solid-state method as a

microwave absorber layer. *Materials Chemistry and Physics, 270, 124848.
https://doi.org/10.1016/j.matchemphys.2021.124848.

Bertotti, G. (1998). Magnetic hysteresis. Hysteresis in Magnetism, 3-30.

Bhattacharjee, Y., & Bose, S. (2021). Core—shell nanomaterials for microwave
absorption and electromagnetic interference shielding: A review. ACS Applied
Nano Materials, 4(2), 949-972. https://doi.org/10.1021/acsanm.1c00278.

Bielan, Z., Dudziak, S., Kubiak, A., & Kowalska, E. (2020). Application of Spinel and
Hexagonal Ferrites in Heterogeneous Photocatalysis. Applied Sciences, 11(21),
10160. https://doi.org/10.3390/app112110160.

Bitter, F. (1938). A generalization of the theory of ferromagnetism. Physical Review,
54(1), 79-86. https://doi.org/10.1103/physrev.54.79.

Bodaghi, M., Mirhabibi, A. R., Zolfonun, H., Tahriri, M., & Karimi, M. (2008).
Investigation of phase transition of y-alumina to a-alumina via mechanical
milling method. Phase Transitions, 81(6), 571-580.
https://doi.org/10.1080/01411590802008012.

Bonardd, S., Kortaberria, G., Diaz Diaz, D., Leiva, A., & Saldias, C. (2019). Dipolar
Glass Polymers Containing Polarizable Groups as Dielectric Materials for
Energy Storage Applications. A Minireview. Polymers, 11(2), 317.
https://doi.org/10.3390/polym11020317.

Boriskina, S. V., Cooper, T. A., Zeng, L., Ni, G., Tong, J. K., Tsurimaki, Y., ... & Chen,
G. (2017). Losses in plasmonics: from mitigating energy dissipation to

embracing loss-enabled functionalities. Advances in Optics and Photonics, 9(4),
775-827. https://doi.org/10.1364/A0P.9.000775.

Boyd, R., & Smith, G. (2007). Dielectric relaxation. Cambridge University Press
EBooks, 27-43. https://doi.org/10.1017/cbo9780511600319.004.

Bozorth, R. M. (1993). Ferromagnetism, 992.

Brinzari, T. V., O’Neal, K. R., Manson, J. L., Schlueter, J. A., Litvinchuk, A. P., Liu,
Z., & Musfeldt, J. L. (2016). Local lattice distortions in Mn[N(CN)z]> under
pressure. Inorganic Chemistry, 55(5), 1956-1961.

155



Buschow, K. H. J. (2003). *Handbook of Magnetic Materials. Elsevier.

Carbonin, S., Martignago, F., Menegazzo, G., & Dal Negro, A. (2002). X-ray single-
crystal study of spinels: in situ heating. Physics and Chemistry of Minerals, 29(8),
503-514. https://doi.org/10.1007/s00269-002-0262-6.

Chang, Q., Liang, H., Shi, B., & Wu, H. (2022). Microstructure induced dielectric loss
in lightweight Fe304 foam for electromagnetic wave absorption. Iscience, 25(3).
https://doi.org/10.1016/j.is¢i.2022.103925.

Chang, S., Kangning, S., & Pengfei, C. (2012). Microwave absorption properties of
Ce-substituted M-type barium ferrite. Journal of Magnetism and Magnetic
Materials, 324(5), 802-805. https://doi.org/10.1016/j.jmmm.2011.09.023

Chang, X., Zeng, M., Liu, K., & Fu, L. (2020). Phase Engineering of High-Entropy
Alloys. Advanced Materials, 32(14), 1907226.
https://doi.org/10.1002/adma.201907226.

Chen, N., Yang, K., & Gu, M. (2010). Microwave absorption properties of La-
substituted M-type strontium ferrites. Journal of Alloys and Compounds, 490(1-
2), 609-612. https://doi.org/10.1016/.jallcom.2009.10.116.

Cho, H.-S., & Kim, S.-S. (1999). M-Hexaferrites with planar magnetic anisotropy and
their application to high-frequency microwave absorbers. /[EEE Transactions on
Magnetics, 35(5), 3151-3153. https://doi.org/10.1109/20.801111.

Coey, J. M. (2010). Magnetism and magnetic materials. Cambridge university press.
https://doi.org/10.1017/CB0O9780511845000.

Cullity, B. D., & Graham, C. D. (2011). Introduction to magnetic materials. John
Wiley & Sons.

Dastjerdi, O. D., Shokrollahi, H., & Mirshekari, S. (2023). A review of synthesis,
characterization, and magnetic properties of soft spinel ferrites. Inorganic
Chemistry Communications, 153, 110797.

Darwish, M., Abosheiasha, H., Morchenko, A., Kostishyn, V., Turchenko, V.,
Trukhanova, E., Astapovich, K., & Trukhanov, A. (2021). Impact of the Zr-
substitution on phase composition, structure, magnetic, and microwave
properties of the BaM hexaferrite. Ceramics International, 47(12), 16752-16761.
https://doi.org/10.1016/j.ceramint.2021.02.247.

Deng, R., Chen, B., Li, H., Zhang, K., Zhang, T., Yu, Y., & Song, L. (2019).
MXene/Co304 composite material: Stable synthesis and its enhanced broadband
microwave absorption. Applied Surface Science, 488, 921-930.
https://doi.org/10.1016/j.apsusc.2019.05.058.

Dey, B., Bououdina, M., Elfadeel, G. A., Dhamodharan, P., AsathBahadur, S.,
Venkateshwarlu, M., & Manoharan, C. (2024). Tuning the gas sensing properties
of spinel ferrite NiFe204 nanoparticles by Cu doping. Journal of Alloys and
Compounds, 970, 172711. https://doi.org/10.1016/].jallcom.2023.172711.

156



Ding, J., Yang, H., Miao, W., McCormick, P., & Street, R. (1995). High coercivity Ba
hexaferrite prepared by mechanical alloying. Journal of Alloys and Compounds,
221(1-2), 70-73. https://doi.org/10.1016/0925-8388(94)01402-7.

Di Schino, A., Montanari, R., Sgambetterra, M., Stornelli, G., Varone, A., & Zucca,
G. (2023). Heat treatment effect on microstructure evolution of two Si steels

manufactured by laser powder bed fusion. Journal of Materials Research and
Technology, 26, 8406-8424. https://doi.org/10.1016/j.jmrt.2023.09.155.

Dong, C., Wang, X., Zhou, P., Liu, T., Xie, J., & Deng, L. (2014). Microwave
magnetic and absorption properties of M-type ferrite BaCoxTixFel2—-2x019 in
the Ka band. Journal of Magnetism and Magnetic Materials, 354, 340-344.
https://doi.org/10.1016/jjmmm.2013.11.008.

Dong, A., Liu, R., Tian, Z., Peng, F., Zhao, R., Su, X., & Tang, R. (2023). Effect of
pre-sintering particle size on the microstructure and magnetic properties of two-
step hot-press prepared BaFel2019 thick films. Journal of Alloys and
Compounds, 967, 171683. https://doi.org/10.1016/].jallcom.2023.171683.

Du, J., Li, T., Xu, Z., Tang, J., Qi, Q., & Meng, F. (2023). Structure—Activity
Relationship in Microstructure Design for Electromagnetic Wave Absorption
Applications. Small Structures, 4(11), 2300152.
https://doi.org/10.1002/sstr.202300152.

El Shater, R. E., EI-Ghazzawy, E. H., & El-Nimr, M. K. (2018). Study of the sintering
temperature and the sintering time period effects on the structural and magnetic
properties of M-type hexaferrite BaFel2019. Journal of Alloys and
Compounds, 739, 327-334.

Elangbam, C. D., & Singh, S. D. (2020). Tracing the magnetization curves: A review
on their importance, strategy, and outcomes. Journal of Superconductivity and
Novel Magnetism, 34(1), 15-25. https://doi.org/10.1007/s10948-020-05733-6.

Elmahaishi, M. F., Azis, R., Ismail, 1., Mustaffa, M. S., Abbas, Z., Matori, K. A.,
Muhammad, F. D., Saat, N. K., Nazlan, R., Ibrahim, I. R., Abdullah, N. H., &
Mokhtar, N. (2020). Structural, Electromagnetic and Microwave Properties of
Magnetite Extracted from Mill Scale Waste via Conventional Ball Milling and
Mechanical Alloying Techniques. Materials, 14(22), 7075.
https://doi.org/10.3390/ma14227075.

Elmahaishi, M. F., Azis, R. S., Ismalil, 1., & Muhammad, F. D. (2022). A review on
electromagnetic microwave absorption properties: Their materials and

performance. Journal of Materials Research and Technology, 20, 2188-2220.
https://doi.org/10.1016/j.jmrt.2022.07.140.

Elmahaishi, M. F., Azis, R. S., Ismail, 1., Matori, K. A., & Muhammad, F. D. (2024).
Influence of particle size on the magnetic and microwave absorption properties
of magnetite via mechano-mechanical methods for micro-nano-spheres. Nano-
Structures & Nano-Objects, 39, 101207.
https://doi.org/10.1016/j.nanoso.2024.101207.

157



Ersoy, S., & Wagqar, T. (2023). Surface acoustic wave sensing. Encyclopedia of
Sensors and Biosensors, 129-141. https://doi.org/10.1016/b978-0-12-822548-
6.00103-5.

Fan, Z., Luo, G., Zhang, Z., Zhou, L., & Wei, F. (2006). Electromagnetic and
microwave absorbing properties of multi-walled carbon nanotubes/polymer

composites. Materials Science and Engineering: B, 132(1-2), 85-89.
https://doi.org/10.1016/j.mseb.2006.02.045.

Feng, G., Zhou, W., Deng, H., Yang, M., Qing, Y., Luo, F., ... & Wang, C. (2019).
Magnetic and microwave absorption properties in 2.6—18 GHz of A-site or B-
site substituted BaFe 12 O 19 ceramics. Journal of Materials Science: Materials
in Electronics, 30, 12382-12388. https://doi.org/10.1007/s10854-019-01596-3.

Fu, N., Chen, H., Chen, R., Ding, S., & Ren, X. (2023). Effect of Calcination
Temperature on the Structure, Crystallinity, and Photocatalytic Activity of Core-
Shell Si02@TiO2 and Mesoporous Hollow TiO2 Composites. Coatings, 13(5),
852. https://doi.org/10.3390/coatings13050852.

Gama, L., Hernandez, E., Cornejo, D., Costa, A., Rezende, S., Kiminami, R., & Costa,
A. (2007). Magnetic and structural properties of nanosize Ni—Zn—Cr ferrite
particles synthesized by combustion reaction. Journal of Magnetism and
Magnetic Materials, 317(1-2), 29-33.
https://doi.org/10.1016/j.jmmm.2007.04.007.

Gao, T., Zhang, Z., Li, Y., Song, Y., Rong, H., & Zhang, X. (2022). Solid-state
reaction induced defects in multi-walled carbon nanotubes for improving

microwave absorption properties. Journal of Materials Science & Technology,
108, 37-45. https://doi.org/10.1016/j.jmst.2021.08.051.

Geiler, A., Daigle, A., Wang, J., Chen, Y., Vittoria, C., & Harris, V. (2012).
Consequences of magnetic anisotropy in realizing practical microwave

hexaferrite devices. Journal of Magnetism and Magnetic Materials, 324(21),
3393-3397. https://doi.org/10.1016/j.jmmm.2012.02.050.

Ghasemi, A., Saatchi, A., Salehi, M., Hossienpour, A., Morisako, A., & Liu, X. (2006).
Influence of matching thickness on the absorption properties of doped barium
ferrites at microwave frequencies. Physica Status Solidi (a), 203(2), 358-365.
https://doi.org/10.1002/pssa.200521143.

Ghasemi, A., Hossienpour, A., Morisako, A., Liu, X., & Ashrafizadeh, A. (2007).
Investigation of the microwave absorptive behavior of doped barium ferrites.
Materials & Design, 29(1), 112-117.
https://doi.org/10.1016/j.matdes.2006.11.019.

Ghodgaonkar, D. K., Varadan, V. V., & Varadan, V. K. (1990). Free-space
measurement of complex permittivity and complex permeability of magnetic
materials at microwave frequencies. [EEE Transactions on instrumentation and
measurement, 39(2), 387-394. https://doi.org/10.1109/19.52520.

158



Giljer, P., Sivertsen, J. M., Judy, J. H., Bhatia, C. S., Doerner, M. F., & Suzuki, T.
(1996). Magnetic recording measurements of high coercivity longitudinal media
using magnetic force microscopy (MFM). Journal of applied physics, 79(8),
5327-5329. https://doi.org/10.1063/1.361367.

Gleiter, H. (1999). Nanostructured materials: Basic concepts and microstructure. Acta
Materialia, 48(1), 1-29. https://doi.org/10.1016/S1359-6454(99)00285-2.

Godara, S. K., Kaur, V., Narang, S. B., Singh, G., Singh, M., Bhadu, G. R., ... & Sood,
A. K. (2021). Tailoring the magnetic properties of M-type strontium ferrite with
synergistic effect of co-substitution and calcinations temperature. Journal of
Asian Ceramic Societies, 9(2), 686-698.
https://doi.org/10.1080/21870764.2021.1911059.

Godara, S. K., Jasrotia, R., Kaur, V., Malhi, P. S., Ahmed, J., Kandwal, A., ... & Verma,
A. (2023). A sustainable approach for the synthesis of PbFe12019 materials
using tomato pulp as a fuel: Structural, morphological, optical, magnetic, and
dielectric traits. Journal of Magnetism and Magnetic Materials, 573, 170643.
https://doi.org/10.1016/j.jmmm.2022.170643.

Gonzilez, M., Pozuelo, J., & Baselga, J. (2018). Electromagnetic Shielding Materials
in GHz Range. The Chemical Record, 18(7-8), 1000-1009.
https://doi.org/10.1002/tcr.201700066.

Gonzalez, M., Pozuelo, J., & Baselga, J. (2018). Electromagnetic Shielding Materials
in GHz Range. The Chemical Record, 18(7-8), 1000-1009.
https://doi.org/10.1002/tcr.201700066.

Guan, H., Wang, Q., Wu, X, Pang, J., Jiang, Z., Chen, G., Dong, C., Wang, L., &
Gong, C. (2021). Biomass derived porous carbon (BPC) and their composites as
lightweight and efficient microwave absorption materials. Composites Part B:
Engineering, 207, 108562. https://doi.org/10.1016/j.compositesb.2020.108562.

Gubin, S. P. (Ed.). (2009). Magnetic nanoparticles. John Wiley & Sons.

Gujral, S., Bhatia, K. S., Singh, H., Kaur, H., & Gupta, N. (2021). Microwave
absorption properties of Co-La doped M-type Ba-Sr hexagonal ferrites in X-
band. Journal of Optoelectronics and Advanced Materials, 23(7-8), 397-405.

Guo, Y., Ruan, K., Wang, G., & Gu, J. (2023). Advances and mechanisms in polymer
composites toward thermal conduction and electromagnetic wave absorption.
Science Bulletin, 68(11), 1195-1212. https://doi.org/10.1016/j.scib.2023.04.036

Guzman-Minguez, J., Fuertes, V., Granados-Miralles, C., Fernandez, J., & Quesada,
A. (2021). Greener processing of SrFel12019 ceramic permanent magnets by
two-step  sintering.  Ceramics  International, 47(22), 31765-31771.
https://doi.org/10.1016/j.ceramint.2021.08.058.

Haijun, Z., Zhichao, L., Chenliang, M., Xi, Y., Liangying, Z., & Mingzhong, W.
(2003). Preparation and microwave properties of Co- and Ti-doped barium
ferrite by citrate sol-gel process. Materials Chemistry and Physics, 80(1), 129-
134. https://doi.org/10.1016/S0254-0584(02)00457-1.

159



Han, D., Wang, J., & Luo, H. (1994). Crystallite size effect on saturation magnetization
of fine ferrimagnetic particles. Journal of Magnetism and Magnetic Materials,
136(1-2), 176-182. https://doi.org/10.1016/0304-8853(94)90462-6.

Handoko, E., Sugihartono, 1., Budi, S., Randa, M., Jalil, Z., & Alaydrus, M. (2018,
August). The effect of thickness on microwave absorbing properties of barium
ferrite powder. InJournal of Physics: Conference Series, 1080(1), 012002.
https://doi.org/10.1088/1742-6596/1080/1/012002.

Hodaei, A., Ataie, A., & Mostafavi, E. (2015). Intermediate milling energy
optimization to enhance the characteristics of barium hexaferrite magnetic
nanoparticles. Journal of Alloys and Compounds, 640, 162-168.
https://doi.org/10.1016/j.jallcom.2015.03.163

Holloway, C. L., Kuester, E. F., Gordon, J. A., O'Hara, J., Booth, J., & Smith, D. R.
(2012). An overview of the theory and applications of metasurfaces: The two-

dimensional equivalents of metamaterials. [EEE antennas and propagation
magazine, 54(2), 10-35. https://doi.org/10.1109/MAP.2012.6230714.

Houbi, A., Aldashevich, Z. A., Atassi, Y., Bagasharova Telmanovna, Z., Saule, M., &
Kubanych, K. (2021). Microwave absorbing properties of ferrites and their

composites: A review. Journal of Magnetism and Magnetic Materials, 529,
167839. https://doi.org/10.1016/j.jmmm.2021.167839.

Hsissou, R., Seghiri, R., Benzekri, Z., Hilali, M., Rafik, M., & Elharfi, A. (2021).
Polymer composite materials: A comprehensive review. Composite Structures,
262, 113640. https://doi.org/10.1016/j.compstruct.2021.113640.

Huo, X., Su, H., Zhang, Q., Huang, F., Wu, X., Tang, X., ... & Jing, Y. (2023). The
effects of Mn substitution on the crystalline phase structure, microstructure, DC
resistivity, and magnetic-dielectric properties of Z-type hexaferrites. Journal of
Alloys and Compounds, 933, 167747.

Ivanov, S. (2011). Multiferroic complex metal oxides: Main features of preparation,
structure, and properties. Science and Technology of Atomic, Molecular,
Condensed Matter & Biological Systems, 2, 163-238.
https://doi.org/10.1016/B978-0-44-453681-5.00007-8.

Ivanov, S., Tellgren, R., Porcher, F., Ericsson, T., Mosunov, A., Beran, P., Korchagina,
S., Kumar, P. A., Mathieu, R., & Nordblad, P. (2012). Preparation, structural,
dielectric, and magnetic properties of LaFeOs—PbTiOs solid solutions. Materials
Research Bulletin, 47(11), 3253-3268.
https://doi.org/10.1016/j.materresbull.2012.08.003.

Jamalian, M., Ghasemi, A., & Pourhosseini Asl, M. J. (2015). Magnetic and
microwave properties of barium hexaferrite ceramics doped with Gd and
Nd. Journal of Electronic Materials, 44, 2856-2861.

Jaya, R. P. (2020). Porous concrete pavement containing nanosilica from black rice

husk ash. New  Materials in  Civil  Engineering,  493-527.
https://doi.org/10.1016/b978-0-12-818961-0.00014-4.

160



Jian, X., Tian, W., Li, J., Deng, L., Zhou, Z., Zhang, L., ... & Mahmood, N. (2019).
High-temperature oxidation-resistant ZrNO. 4B0. 6/SiC nanohybrid for

enhanced microwave absorption. ACS applied materials & interfaces, 11(17),
15869-15880. https://doi.org/10.1021/acsami.8b22448.

Jiang, S., Wang, E., & Akhtar, M. N. (2020). Enhanced microwave absorption
characteristic of decorated MWCNTs with La0.9Bi0.1Fe0.8C00.203
multiferroic nanoparticles via coating by PEDOT/Polyaniline co-polymer.
Ceramics International, 46(18), 28193-28199.
https://doi.org/10.1016/j.ceramint.2020.07.318.

Joshi, R., & Kumar, P. (2013). Magnetic solid-state materials. Elsevier EBooks, 271—
316. https://doi.org/10.1016/b978-0-08-097774-4.00413-7.

Kagotani, T., Fujiwara, D., Sugimoto, S., Inomata, K., & Homma, M. (2004).
Enhancement of GHz electromagnetic wave absorption characteristics in aligned
M-type barium ferrite Bal—xLaxZnxFel2—x—y(Me0.5Mn0.5)yO19 (x=0.0-0.5;
y=1.0-3.0, Me: Zr, Sn) by metal substitution. Journal of Magnetism and
Magnetic Materials, 272-276, E1813-E1815.
https://doi.org/10.1016/j.jmmm.2003.12.878.

Kambale, R. C., Shaikh, P. A., Bhosale, C. H., Rajpure, K. Y., & Kolekar, Y. D. (2009).
The effect of Mn substitution on the magnetic and dielectric properties of cobalt
ferrite synthesized by an autocombustion route. Smart Materials and Structures,
18(11), 115028. https://doi.org/10.1088/0964-1726/18/11/115028.

Kang, S.-J. 1L (2005). Sintering processes. Sintering, 3-8.
https://doi.org/10.1016/b978-075066385-4/50001-7.

Kapoor, M., & Thompson, G. B. (2015). Role of atomic migration in nanocrystalline
stability: Grain size and thin film stress states. Current Opinion in Solid State
and Materials Science, 19(2), 138-146.
https://doi.org/10.1016/j.cossms.2014.11.001.

Karim, R., Ball, S. D., Truedson, J. R., & Patton, C. E. (1993). Frequency dependence
of the ferromagnetic resonance linewidth and effective linewidth in maganese

substituted single crystal barium ferrite. Journal of applied physics, 73(9), 4512-
4515. https://doi.org/10.1063/1.352793.

Kaur, B., et al. (2006). Modifications in magnetic anisotropy of M-Type strontium
hexaferrite crystals by swift heavy ion irradiation. Journal of Magnetism and
Magnetic Materials, 305(2), 392-402.
https://doi.org/10.1016/j.jmmm.2006.01.110.

Kaur, P., Bahel, S., & Narang, S. B. (2020). Electromagnetic wave absorption
properties of La-doped strontium M-type hexagonal ferrite in a 18-40 GHz
frequency range. Journal of Electronic  Materials, 49, 1654-1659.
https://doi.org/10.1007/s11664-019-07594-9.

Kaur, P., Basandari, D., Priya, H., Kaur, M., Bindra Narang, S., Bahel, S., Arora, A.,
Kumar Godara, S., & Kaur, V. (2023). Composites of Co-Ti-Mn substituted M-
type barium hexaferrite and CuO: Structural, optical, electromagnetic and X-

161



band absorption for commercial applications. Journal of Magnetism and
Magnetic Materials, 588, 171402. https://doi.org/10.1016/j.jmmm.2023.171402.

Khatiwada, D., Venkatesan, S., Ngo, E. C., & Qiao, Q. (2015). Versatile role of solvent
additive for tailoring morphology in polymer solar cells for efficient charge

transport. Journal of nanoscience and nanotechnology, 15(9), 7040-7044.
https://doi.org/10.1166/jnn.2015.10513

Kieback, B., Kubsch, H., & Bunke, A. (1993). Synthesis and properties of
nanocrystalline compounds prepared by high-energy milling. In Journal de
Physique IV Proceedings, 3 (C7), C7-1425. https://10.1051/jp4:19937220.

Kim, S., & Byun, J. (2024). Research trends in electromagnetic shielding using
MXene-based composite materials. Hanguk Bunmal Jaeryo Hakoeji, 31(1), 57—
76. https://doi.org/10.4150/kpmi.2024.31.1.57

Kittel, C., & McEuen, P. (2018). Introduction to solid state physics. John Wiley &
Sons.

Kolay, P. K., Aminur, M. R., Taib, S. N. L., & Mohd Zain, M. 1. S. (2011).
Stabilization of tropical peat soil from Sarawak with different stabilizing agents.
Geotechnical — and  Geological  Engineering,  29(6), 1135-1141.
https://doi.org/10.1007/s10706-011-9441-x.

Kong, L. B., Liu, L., Yang, Z., Li, S., Zhang, T., & Wang, C. (2017). Theory of
ferrimagnetism and ferrimagnetic metal oxides. Magnetic, Ferroelectric, and
Multiferroic  Metal Oxides, 287-311. https://doi.org/10.1016/B978-0-12-
811180-2.00015-3.

Koops, C. G. (1951). On the dispersion of resistivity and dielectric constant of some
semiconductors at audio frequencies. Physical Review, 83(1), 121-124.
https://doi.org/10.1103/PhysRev.83.121.

Kotnala, R. K., Ahmad, S., Ahmed, A. S., Shah, J., & Azam, A. (2012). Investigation
of structural, dielectric, and magnetic properties of hard and soft mixed ferrite
composites. Journal of Applied Physics, 112(5).
https://doi.org/10.1063/1.4752030.

Kuang, J., Xiao, T., Zheng, Q., Xiong, S., Wang, Q., Jiang, P., Liu, W., & Cao, W.
(2020). Dielectric permittivity and microwave absorption properties of transition
metal Ni and Mn doped SiC nanowires. Ceramics International, 46(9), 12996-
13002. https://doi.org/10.1016/j.ceramint.2020.02.069.

Kumar, A., Kaur, R., Sayyed, M., Rashad, M., Singh, M., & Ali, A. M. (2018).
Physical, structural, optical and gamma ray shielding behavior of (20+x) PbO —
10 BaO — 10 Na20 — 10 MgO — (50-x) B203 glasses. Physica B: Condensed
Matter, 552, 110-118. https://doi.org/10.1016/j.physb.2018.10.001.

Lakin, I. I., Hassan, A., Abubakar, T. R. U., Kure, N., Musa, G. P., & Shitu, I. G.
(2022). Enhancement of complex permittivity and attenuation properties of
activated carbon derived from oil palm fruit fiber for microwave
application. Science World Journal, 17(3), 428-434.

162



Lan, D., Li, H., Wang, M., Ren, Y., Zhang, J., Zhang, M., Ouyang, L., Tang, J., &
Wang, Y. (2024). Recent advances in construction strategies and multifunctional
properties of flexible electromagnetic wave absorbing materials. Materials
Research Bulletin, 171, 112630.
https://doi.org/10.1016/j.materresbull.2023.112630.

Landau, L. P. L. D, Lifshitz, E. M., & PITAEVSKII, L. (2004). Electrodynamics of
continuous media second edition. Elsevier Butterworth-Heinemann. ISBN 0-
7506-2634-8.

Lemoisson, F., & Froyen, L. (2004). Understanding and improving powder
metallurgical  processes.  Fundamentals  of  Metallurgy,  471-502.
https://doi.org/10.1533/9781845690946.2.471.

Lesnikowski, J. (2012). Dielectric permittivity measurement methods of textile
substrate of textile transmission lines. Przeglad Elektrotechniczny, 88(3A), 148-
151.

Li, J., Zhang, H., Harris, V. G., Liao, Y., & Liu, Y. (2015). Ni-Ti equiatomic co-
substitution of hexagonal M-type Ba (NiTi) xFel2— 2xO19 ferrites. Journal of
Alloys and Compounds, 649, 782-787.

Li, H. F., Gong, R. Z., Luo, H., Zhou, J., Fan, L. R., & Wang, X. (2010). Magnetic
Properties of Manganese-Titanium Substituted Barium Ferrite Ba (TiMn)
xFel2-2x019 (x= 0.0, 0.5, 1.0, 1.5, 2.0) Prepared by the Molten Salt
Method. Key Engineering Materials, 434, 240-243.
https://doi.org/10.4028/www.scientific.net/kem.434-435.240.

Li, H., Zheng, L., Deng, D., Yi, X., Zhang, X., Luo, X., Wu, Y., Luo, W., & Zhang,
M. (2021). Multiple natural resonances broaden microwave absorption

bandwidth of substituted M-type hexaferrites. Journal of Alloys and Compounds,
862, 158638. https://doi.org/10.1016/j.jallcom.2021.158638.

Li, Q., Chen, Y., Yu, C., Qian, K., & Harris, V. G. (2020). Permeability spectra of
planar M-type barium hexaferrites with high Snoek’s product by two-step
sintering. Journal of the American Ceramic Society, 103(9), 5076-5085.
https://doi.org/10.1111/jace.17161.

Li, W., Lv, J., Zhou, X., Zheng, J., Ying, Y., Qiao, L., Yu, J., & Che, S. (2017).
Enhanced and broadband microwave absorption of flake-shaped Fe and FeNi

composite with Ba ferrites. Journal of Magnetism and Magnetic Materials, 426,
504-5009. https://doi.org/10.1016/j.jmmm.2016.11.119.

Li, X., Zhang, Z., Sun, M., Wu, H., Zhou, Y., Wu, H., & Jiang, S. (2020). A magneto-
active soft gripper with adaptive and controllable motion. Smart Materials and
Structures, 30(1), 015024. https://doi.org/10.1088/1361-665x/abcalb.

Li, Y., Wu, X., Chen, J., Cao, A., Boudaghi, R., & Akhtar, M. N. (2021). Effect of
filler loading and thickness parameters on the microwave absorption
characteristic of double-layered absorber based on MWCNT/BaTiO3/pitted
carbonyl iron composite. Ceramics International, 47(14), 19538-19545.
https://doi.org/10.1016/j.ceramint.2021.03.291.

163



Lindsley, D. H. (1976). The crystal chemistry and structure of oxide minerals as
exemplified by the Fe-Ti oxides. Oxide minerals,3, L1-L60. https:
https://doi.org/10.1515/9781501508561-006.

Lisjak, D., & Mertelj, A. (2018). Anisotropic magnetic nanoparticles: A review of their
properties, syntheses, and potential applications. Progress in Materials Science,
95, 286-328. https://doi.org/10.1016/j.pmatsci.2018.03.003.

Liu, C., Chen, Y., Yue, Y., Tang, Y., Wang, Z., Ma, N., & Du, P. (2017). Formation
of BaFel2—xNbxO19 and its high electromagnetic wave absorption properties

in millimeter wave frequency range. Journal of the American Ceramic Society,
100(9), 3999-4010. https://doi.org/10.1111/jace.14925.

Liu, C., Zhang, Y., Zhang, Y., Fang, G., Zhao, X., Peng, K., & Zou, J. (2019). Multiple
nature resonance behavior of BaFexTiO19 controlled by Fe/Ba ratio and its
regulation on microwave absorption properties. Journal of Alloys and
Compounds, 773, 730-738. https://doi.org/10.1016/j.jallcom.2018.09.278.

Liu, Y., Drew, M. G., & Liu, Y. (2012). Optimizing the methods of synthesis for
barium hexagonal ferrite—An experimental and theoretical study. Materials
Chemistry and Physics, 134(1), 266-272.
https://doi.org/10.1016/j.matchemphys.2012.02.062.

Liu, C., Zhang, Y., Tang, Y., Wang, Z., Ma, N., & Du, P. (2017). Tunable magnetic
and microwave absorption properties of Nb>*—Ni** co-doped M-type barium
ferrite.  Journal of Materials  Chemistry C, 5(14), 3461-3472.
https://doi.org/10.1039/c7tc00393e.

Liu, P., Yao, Z., Ng, V. M. H., Zhou, J., Kong, L. B., & Yue, K. (2018). Facile
synthesis of ultrasmall Fe304 nanoparticles on MXenes for high microwave
absorption performance. Composites Part A: Applied Science and
Manufacturing, §a 371-382.
https://doi.org/10.1016/j.compositesa.2018.10.014.

Loh, N., Simao, L., Jiusti, J., Arcaro, S., Raupp-Pereira, F., De Noni, A., & Montedo,
0. (2020). Densified alumina obtained by two-step sintering: Impact of the
microstructure on mechanical properties. Ceramics International, 46(8), 12740-
12743. https://doi.org/10.1016/j.ceramint.2020.02.042.

Luthfianti, H. R., Widanarto, W., Ghoshal, S. K., Effendi, M., & Cahyanto, W. T.
(2020, March). Magnetic and microwave absorption properties of Mn4+ doped
barium-natural ferrites prepared by the modified solid-state reaction method.
In Journal  of  Physics:  Conference  Series, 1494(1), 012043).
https://doi.org/10.1088/1742-6596/1494/1/012043.

Ma, J., Wang, X., Cao, W., Han, C., Yang, H., Yuan, J., & Cao, M. (2018). A facile
fabrication and highly tunable microwave absorption of 3D flower-like Co304-
rGO hybrid-architectures. Chemical Engineering Journal, 339, 487-498.
https://doi.org/10.1016/j.cej.2018.01.152.

164



Moharana, S., Sahu, B. B., Nayak, R., & Mahaling, R. N. (2021). Synthesis and
properties of percolative metal oxide-polymer composites. Renewable Polymers
and Polymer-Metal Oxide Composites, 253-282. https://doi.org/10.1016/B978-
0-323-85155-8.00001-7.

Mahmood, S. H., Zagsaw, M. D., Mohsen, O. E., Awadallah, A., Bsoul, I., Awawdeh,
M., & Mohaidat, Q. I. (2016). Modification of the magnetic properties of Co2Y
hexaferrites by divalent and trivalent metal substitutions. Solid State
Phenomena, 241, 93-125.
https://doi.org/10.4028/www.scientific.net/SSP.241.93.

Mane, R. S., & Jadhav, V. (Eds.). (2020). Spinel ferrite nanostructures for energy
storage devices. Elsevier.

Marghussian, V. (2015). Magnetic properties of nano-glass ceramics. Nano-Glass
Ceramics, 181-223. https://doi.org/10.1016/b978-0-323-35386-1.00004-9.

Mathews, S. A., & Babu, D. R. (2021). Analysis of the role of M-type hexaferrite-
based materials in electromagnetic interference shielding. Current Applied
Physics, 29, 39-53. https://doi.org/10.1016/j.cap.2021.06.001.

McHenry, M. E., & Laughlin, D. E. (2000). Nano-scale materials development for
future magnetic applications. Acta  Materialia, 48(1), 223-238.
https://doi.org/10.1016/S1359-6454(99)00296-7.

Meng, P., Xiong, K., Ju, K., Li, S., & Xu, G. (2015). Wideband and enhanced
microwave absorption performance of doped barium ferrite. Journal of
Magnetism and Magnetic Materials, 385, 407-411.
https://doi.org/10.1016/j.jmmm.2015.02.059.

Messing, G. (2000). Calcination and Phase Transformations. Encyclopedia of
Materials: Science and Technology, 887-892. https://doi.org/10.1016/B0-08-
043152-6/00169-8.

Micheli, D., Pastore, R., Apollo, C., Marchetti, M., Gradoni, G., Primiani, V. M., &
Moglie, F. (2011). Broadband electromagnetic absorbers using carbon

nanostructure-based composites. IEEE Transactions on Microwave Theory and
Techniques, 59(10), 2633-2646. https: 10.1109/TMTT.2011.2160198.

Mirzaee, S., Azizian-Kalandaragh, Y., & Rahimzadeh, P. (2020). Modified co-
precipitation process effects on the structural and magnetic properties of Mn-
doped nickel ferrite nanoparticles. Solid State Sciences, 99, 106052.
https://doi.org/10.1016/j.solidstatesciences.2019.106052.

Mohamed, A.-M. O., & Paleologos, E. K. (2018). Magnetic properties of soils.
Elsevier EBooks, 535-580. https://doi.org/10.1016/b978-0-12-804830-6.00015-
6.

Molaei, M., Ataie, A., Raygan, S., Rahimipour, M., Picken, S., Tichelaar, F., Legarra,
E., & Plazaola, F. (2011). Magnetic property enhancement and characterization
of nano-structured barium ferrite by mechano-thermal treatment. Materials
Characterization, 63, 83-89. https://doi.org/10.1016/j.matchar.2011.11.004.

165



Molaei, M., Ataie, A., Raygan, S., & Picken, S. (2015). Role of intensive milling in
the processing of barium ferrite/magnetite/iron hybrid magnetic nano-

composites via partial reduction of barium ferrite. Materials Characterization,
101, 78-82. https://doi.org/10.1016/j.matchar.2015.01.006.

Mulyawan, A., Mustofa, S., Deswita, Ajiesastra, R. A., & Adi, W. A. (2021). The
Effect of Mn4+ and Ni2+ Co-substitution Barium Monoferrite: Phase Formation,
Raman Analysis, Magnetic Properties, and Microwave Absorbing Property
Studies. Journal of Superconductivity and Novel Magnetism, 34(9), 2415-2429.
https://doi.org/10.1007/s10948-021-05942-7.

Mustofa, S., Rizaldy, R., & Adi, W. A. (2017, May). Study of Raman spectra of
aluminum powder-substituted barium hexaferrite (BaM) BaFel2-xAIxO19 as a
result of solid state reaction process. In IOP Conference Series: Materials
Science and  Engineering, 202(1), 012040. https: 10.1088/1757-
899X/202/1/012040.

Narang, S. B., & Arora, A. (2019). Broad-band microwave absorption and magnetic
properties of M-type Ba(1-2x)LaxNaxFel0Co00.5TiMn0.5019 hexagonal
ferrite in 18.0-26.5 GHz frequency range. Journal of Magnetism and Magnetic
Materials, 473, 272-277. https://doi.org/10.1016/j.ymmm.2018.10.042.

Narang, S. B., Pubby, K., & Singh, C. (2017). Thickness and Composition Tailoring
of K-and Ka-Band Microwave Absorption of BaCo x Ti x Fe (12— 2 x) O 19
Ferrites. Journal of Electronic Materials, 46, 718-728.
https://doi.org/10.1007/s11664-016-5059-3.

Nazir, N., & Ikram, M. (2022). Tuning of the structural, morphological, dielectric, and
magnetoresistance properties of GA2NiMnO6 double perovskite by Ca doping.
Physica B: Condensed Matter, 632, 413734.
https://doi.org/10.1016/j.physb.2022.413734.

Néel, L. (1948). Propriétés magnétiques des ferrites; ferrimagnétisme et
antiferromagnétisme. In Annales de physique, 12(3), 137-198. https:
10.1051/anphys/194812030137.

Nielsen, O. V., Petersen, J. R., & Herzer, G. (1994). Temperature dependence of the
magnetostriction and the induced anisotropy in nanocrystalline FeCuNbSiB

alloys, and their fluxgate properties. [EEE transactions on magnetics, 30(2),
1042-1044. https://doi.org/10.1109/20.312484.

Nikmanesh, H., Moradi, M., Bordbar, G. H., & Alam, R. S. (2016). Synthesis of multi-
walled carbon nanotube/doped barium hexaferrite nanocomposites: An
investigation of structural, magnetic and microwave absorption properties.
Ceramics International, 42(13), 14342-14349.
https://doi.org/10.1016/j.ceramint.2016.05.089.

Ohlan, A., Singh, K., Chandra, A., & Dhawan, S. K. (2008). Microwave absorption
properties of conducting polymer composite with barium ferrite nanoparticles in
12.4-18GHz. Applied physics letters, 93(5). https://doi.org/10.1063/1.2969400.

166



Ohring, M. (1994). ELECTRICAL PROPERTIES OF METALS, INSULATORS,
AND  DIELECTRICS.  Engineering  Materials  Science,  559-610.
https://doi.org/10.1016/B978-012524995-9/50035-0.

Otis, G., Ejgenberg, M., & Mastai, Y. (2021). Solvent-free mechanochemical synthesis
of ZnO nanoparticles by high-energy ball milling of &-Zn(OH)2 crystals.
Nanomaterials, 11(1), 238. https://doi.org/10.3390/nano11010238.

Patade, S. R., Andhare, D. D., Somvanshi, S. B., Jadhav, S. A., Khedkar, M. V., &
Jadhav, K. (2020). Self-heating evaluation of superparamagnetic MnFe204
nanoparticles for magnetic fluid hyperthermia application towards cancer
treatment. Ceramics International, 46(16), 25576-25583.
https://doi.org/10.1016/j.ceramint.2020.07.029.

Peng, Y., Wu, X., Chen, Z., Li, Q., Yu, T., Feng, Z., ... & Harris, V. G. (2015). High
frequency permeability and permittivity spectra of BiFeO3/(CoTi)-BaM ferrite
composites. Journal of Applied Physics, 117(17).
https://doi.org/10.1063/1.4907331.

Prathap, S., Madhuri, W., & Meena, S. S. (2021). Multiferroic properties and
Mossbauer study of M-type hexaferrite PbFel2019 synthesized by the high
energy ball milling. Materials  Characterization, 177, 111168.
https://doi.org/10.1016/j.matchar.2021.111168.

Psyk, V., Risch, D., Kinsey, B., Tekkaya, A., & Kleiner, M. (2011). Electromagnetic
forming—A review. Journal of Materials Processing Technology, 211(5), 787-
829. https://doi.org/10.1016/j.jmatprotec.2010.12.012.

Pullar, R. C. (2012). Hexagonal ferrites: A review of the synthesis, properties and
applications of hexaferrite ceramics. Progress in Materials Science, 57(7), 1191-
1334. https://doi.org/10.1016/j.pmatsci.2012.04.001.

Qi, W. H., Wang, M. P., & Su, Y. C. (2002). Size effect on the lattice parameters of
nanoparticles. Journal of Materials Science Letters, 21(12), 877-878. https:
https://doi.org/10.1023/A:1015778729898.

Qin, F., & Brosseau, C. (2012). A review and analysis of microwave absorption in
polymer composites filled with carbonaceous particles. Journal of applied
physics, 111(6). https: https://doi.org/10.1063/1.3688435.

Qin, M., Zhang, L., & Wu, H. (2022). Dielectric Loss Mechanism in Electromagnetic
Wave Absorbing Materials. Advanced  Science, 9(10), 2105553.
https://doi.org/10.1002/advs.202105553.

Rafig, M. A., et al. (2017). Effect of Ni2+ substitution on the structural, magnetic, and
dielectric properties of barium hexagonal ferrites (BaFe12019). *Journal of
Electronic Materials, 46*, 241-246.

Rafiq, M. A., Waqar, M., Mirza, T. A., Farooq, A., & Zulfiqar, A. (2017). Effect of Ni
2+ substitution on the structural, magnetic, and dielectric properties of barium
hexagonal ferrites (BaFe 12 O 19). Journal of Electronic Materials, 46, 241-246.
https: https://doi.org/10.1007/s11664-016-4872-z.

167



Rand, B. (1991). Calcination. Concise Encyclopedia of Advanced Ceramic Materials,
49-51. https://doi.org/10.1016/b978-0-08-034720-2.50023-x.

Rane, A. V., Kanny, K., Abitha, V., & Thomas, S. (2017). Methods for Synthesis of
Nanoparticles and Fabrication of Nanocomposites. Synthesis of Inorganic
Nanomaterials, 121-139. https://doi.org/10.1016/B978-0-08-101975-7.00005-1.

Raval, N., et al. (2019). Importance of physicochemical characterization of
nanoparticles in pharmaceutical product development. Basic Fundamentals of
Drug Delivery, 369—400. https://doi.org/10.1016/b978-0-12-817909-3.00010-8

Sabri, K., Rais, A., Taibi, K., Moreau, M., Ouddane, B., & Addou, A. (2016).
Structural Rietveld refinement and vibrational study of MgCrxFe2—x0O4 spinel
ferrites. Physica B: Condensed Matter, 501, 38-44.
https://doi.org/10.1016/j.physb.2016.08.011.

Sadiq, I., Naseem, S., Naeem Ashiq, M., Asif Igbal, M., Ali, 1., Khan, M., Niaz, S., &
Rana, M. (2015). Spin canting effect and microwave absorption properties of

Sm—Mn substituted nanosized material. Journal of Magnetism and Magnetic
Materials, 395, 159-165. https://doi.org/10.1016/;.yjmmm.2015.04.118.

Sadiq, L., et al. (2017). Study of structural, magnetic, and microwave absorption
properties of Dy-Mn substituted nanosized material in X-band frequency range.
Journal of Alloys and Compounds, i, 284-290.
https://doi.org/10.1016/j.jallcom.2017.03.033.

Sajjia, M., Baroutaji, A., & Olabi, A. G. (2021). The introduction of cobalt ferrite
nanoparticles as a solution for magnetostrictive applications. Encyclopedia of
Smart Materials, 402-411. https://doi.org/10.1016/B978-0-12-803581-8.09963-
3.

Sakka, Y., & Suzuki, T. S. (2005). Textured development of feeble magnetic ceramics
by colloidal processing under a high magnetic field. Journal of the Ceramic
Society of Japan, 113(1313), 26-36. https://doi.org/10.2109/jcersj.113.26.

Salah, N., Habib, S. S., Khan, Z. H., Memic, A., Azam, A., Alarfaj, E., ... & Al-Hamedi,
S. (2011). High-energy ball milling technique for ZnO nanoparticles as
antibacterial material. International journal of nanomedicine, 863-869.
https://doi.org/10.2147/1JN.S18267.

Sani, Y., Azis, R. S., Ismail, 1., Yaakob, Y., & Mohammed, J. (2023). Enhanced
electromagnetic microwave absorbing performance of carbon nanostructures for
RAMs: A review. Applied Surface Science Advances, 18, 100455.
https://doi.org/10.1016/j.apsadv.2023.100455.

Shams, M. H., et al. (2008). Electromagnetic wave absorption characteristics of Mg—
Ti substituted Ba-hexaferrite. Materials Letters, 62(10-11), 1731-1733.
https://doi.org/10.1016/j.matlet.2007.09.073.

Sharma, A., Jasrotia, R., Kumari, N., Kumar, S., Verma, A., Kumar Godara, S., Ahmed,
J., Alshehri, S. M., Tamboli, A. M., Kalia, S., Batoo, K. M., & Kumar, R. (2022).
Tailoring the structural and magnetic traits of copper modified BaFel2019

168



nanostructured hexaferrites for recording media application. Journal of
Magnetism and Magnetic Materials, 564, 170124.
https://doi.org/10.1016/j.jmmm.2022.170124.

Sarma, S., & Borah, J. P. (2023). Enhancing structural and magnetic properties of
BaFel2019 nanoparticles through co-substitution (Co-Mn): A promising
approach for permanent magnet applications. Physica Scripta, 98(12), 125966.

Shayan, A., Abdellahi, M., Shahmohammadian, F., Jabbarzare, S., Khandan, A., &
Ghayour, H. (2017). Mechanochemically aided sintering process for the
synthesis of barium ferrite: Effect of aluminum substitution on microstructure,
magnetic properties and microwave absorption. Journal of Alloys and

Compounds, 708, 538-546. https://doi.org/10.1016/j.jallcom.2017.02.305.

Sherwood, P. (2000). Carbons and Graphites: Surface Properties of. Encyclopedia of
Materials:  Science and  Technology  (Second  Edition), 985-995.
https://doi.org/10.1016/B0-08-043152-6/00183-2.

Singh, A. K. (2016). Experimental methodologies for the characterization of
nanoparticles. Engineered nanoparticles, 2, 125-170.
https://doi.org/10.1016/b978-0-12-801406-6.00004-2.

Singh, C., Nikolic, M. V., Narang, S. B., Sombra, A. S. B., Zhou, D., Trukhanov, S., ...
& Trukhanov, A. (2020). Complex permittivity and complex permeability
characteristics of Co—Ti doped barium strontium hexaferrite/paraffin wax

composites for application in microwave devices. Applied Physics A, 126, 1-8.
https://doi.org/10.1007/s00339-020-04016-0.

Singh, J., et al. (2021). Development of doped Ba—Sr hexagonal ferrites for microwave
absorber applications: Structural characterization, tunable thickness, absorption
peaks, and electromagnetic parameters. *Journal of Alloys and Compounds,
855%*, 157242. https://doi.org/10.1016/j.jallcom.2020.157242.

Singh, P., Babbar, V. K., Razdan, A., Puri, R. K., & Goel, T. C. (2000). Complex
permittivity, permeability, and X-band microwave absorption of CaCoTi ferrite
composites. Journal of applied physics, 87(9), 4362-4366.
https://doi.org/10.1063/1.373079.

Singh, V. P., Jasrotia, R., Kumar, R., Raizada, P., Thakur, S., Batoo, K. M., & Singh,
M. (2018). A current review on the synthesis and magnetic properties of M-type
hexaferrites material. World Journal of Condensed Matter Physics, 8(02), 36.
https://doi.org/10.4236/wjcmp.2018.82004.

Smith, J., & Wijn, H. P. J. (1959). Ferrites: physical properties of ferromagnetic oxides
in relation to their technical applications. Eindhoven, Phillips Technical Library.

Stablein, H. (1981). Chapter 7 Hard ferrites and plastoferrites. Handbook of
Ferromagnetic ~ Materials, 3, 441-602. https://doi.org/10.1016/S1574-
9304(05)80093-8.

169



Stingaciu, M., Topole, M., McGuiness, P., & Christensen, M. (2015). Magnetic
properties of ball-milled SrFel2019 particles consolidated by Spark-Plasma
Sintering. Scientific Reports, 5(1), 1-8. https://doi.org/10.1038/srep14112.

Suganya, M., Anand, S., Mani, D., Canh Vu, M., Muniyappan, S., Racik, K. M.,
Nandhini, S., & Kumar, J. K. (2023). Fabrication of novel M-Type cobalt doped
barium hexaferrite nanoplatelets /graphitic carbon nitride composite for efficient
supercapacitor applications. Synthetic Metals, 295, 117341.
https://doi.org/10.1016/j.synthmet.2023.117341.

Sugimoto, S., Haga, K., Kagotani, T., & Inomata, K. (2005). Microwave absorption
properties of Ba M-type ferrite prepared by a moditied coprecipitation method.
Journal of Magnetism and Magnetic Materials, 290-291, 1188-1191.
https://doi.org/10.1016/j.jmmm.2004.11.381.

Sun, J., Huang, Y., Aslani, F., & Ma, G. (2020). Properties of a double-layer EMW-
absorbing structure containing a graded nano-sized absorbent combing extruded

and sprayed 3D printing. Construction and Building Materials, 261, 120031.
https://doi.org/10.1016/j.conbuildmat.2020.120031.

Sung Lee, J., Myung Cha, J., Young Yoon, H., Lee, J., & Keun Kim, Y. (2015).
Magnetic multi-granule nanoclusters: A model system that exhibits universal
size effect of magnetic coercivity. Scientific Reports, 5(1), 1-7.
https://doi.org/10.1038/srep12135.

Susilawati, Doyan, A., Khair, H., Taufik, M., & Wahyudi. (2018). Electrical, Magnetic
and Microwave Absorption Properties of M-type Barium Hexaferrites (BaFel2-
2x CoxNixO19). Journal of Physics: Conference Series, 1011, 012009.
doi:10.1088/1742-6596/1011/1/012009.

Syazwan, M. M., Azis, R. S., Hashim, M., Ismayadi, 1., Kanagesan, S., & Hapishah,
A. N. (2017). Co-Ti-and Mn-Ti-substituted barium ferrite for electromagnetic
property tuning and enhanced microwave absorption synthesized via mechanical
alloying. Journal of the Australian Ceramic Society, 53, 465-474.
https://doi.org/10.1007/s41779-017-0056-4.

Synoradzki, K. (2019). Magnetocaloric effect in antiferromagnetic TmNiSn
compound. Journal of Magnetism and Magnetic Materials, 482, 219-223.
https://doi.org/10.1016/j.jmmm.2019.03.064.

Tan, W., Hong, W., Wang, Y., & Wu, Y. (2011). A novel spherical-wave three-
dimensional imaging algorithm for microwave cylindrical scanning

geometries. Progress  In  Electromagnetics ~ Research, 111,  43-70.
https://doi.org/10.2528/PIER10100307.

Takabayashi, H., Kato, Y., Kagotani, T., Book, D., Sugimoto, S., Homma, M., ... &
Houjou, Y. (2000). Effect of crystal orientation on the magnetic resonance

properties of M-type hexagonal ferrites. Materials Transactions, JIM, 41(9),
1184-1187. https://doi.org/10.2320/matertrans1989.41.1184.

170



Thomson, T. (2014). Magnetic properties of metallic thin films. Metallic Films for
Electronic, Optical and Magnetic Applications, 454-546.
https://doi.org/10.1533/9780857096296.2.454.

Thiimmler, F., & Thomma, W. (1967). The sintering process. Metallurgical Reviews,
12(1), 69-108. https://doi.org/10.1179/mtlr.1967.12.1.69.

Trukhanov, A., Darwish, K., Salem, M., Hemeda, O., Abdel Ati, M., Darwish, M.,
Kaniukov, E., Podgornaya, S., Turchenko, V., Tishkevich, D., Zubar, T.,
Astapovich, K., Kostishyn, V., & Trukhanov, S. (2021). Impact of the heat
treatment conditions on crystal structure, morphology and magnetic properties

evolution in BaM nanohexaferrites. Journal of Alloys and Compounds, 866,
158961. https://doi.org/10.1016/j.jallcom.2021.158961.

Toby, B. H., & Von Dreele, R. B. (2013). GSAS-II: The genesis of a modern open-
source all-purpose crystallography software package. Journal of Applied
Crystallography, 46(2), 544—549. https://doi.org/10.1107/S0021889813003531.

Tran, N., Choi, Y., Phan, T., Yang, D., & Lee, B. (2019). Electronic structure and
magnetic and electromagnetic wave absorption properties of BaFel2-
xCoxO19 M-type hexaferrites. Current Applied Physics, 19(12), 1343-1348.
https://doi.org/10.1016/j.cap.2019.08.023.

Veisi, S. S., et al. (2019). Magnetic and microwave absorption properties of Cu/Zr
doped M-type Ba/Sr hexaferrites prepared via sol-gel auto-combustion method.
Journal of Alloys and Compounds, 773, 1187-1194.
https://doi.org/10.1016/j.jallcom.2018.09.189.

Wahaab, F. A., et al. (2020). Physiochemical properties and electromagnetic wave
absorption performance of Ni0.5Cu0.5Fe204 nanoparticles at X-band frequency.
Journal of Alloys and Compounds, 836, 155272.
https://doi.org/10.1016/j.jallcom.2020.155272.

Wang, B., Wu, Q., Fu, Y., & Liu, T. (2021). A review on carbon/magnetic metal
composites for microwave absorption. Journal of Materials Science &
Technology, 86, 91-109. https://doi.org/10.1016/j.jmst.2020.12.078.

Wang, H., He, Q., Wen, G., Wang, F., Ding, Z., & Yao, B. (2010). Study of formation
mechanism of barium hexaferrite by sintering curve. Journal of Alloys and
Compounds, 504(1), 70-75. https://doi.org/10.1016/j.jallcom.2010.05.050.

Wang, L., Yu, H,, Ren, X., & Xu, G. (2014). Magnetic and microwave absorption
properties of BaMnxCol—xTiFel0019. Journal of Alloys and Compounds, 588,
212-216. https://doi.org/10.1016/j.jallcom.2013.11.072.

Wang, L., Li, X., Shi, X., Huang, M., Li, X., Zeng, Q., & Che, R. (2021). Recent
progress of microwave absorption microspheres by magnetic—dielectric
synergy. Nanoscale, 13(4), 2136-2156.4.

Wang, S., Zhang, H., Liu, Q., & Kong, X. (2022). Magnetic carbon nanotubes-based
microwave absorbents: Review and perspective. Synthetic Metals, 291, 117198.
https://doi.org/10.1016/j.synthmet.2022.117198.

171



Wang, Y., Sun, W., Dai, K., Yan, D., & Li, Z. (2022). Highly enhanced microwave
absorption for carbon nanotube/barium ferrite composite with ultra-low carbon

nanotube loading. Journal of Materials Science & Technology, 102, 115-122.
https://doi.org/10.1016/j.jmst.2021.06.032.

Wang, H., Yang, L., Zhang, X., & Ang, M. H. (2021). Permittivity, loss factor and
Cole-Cole model of acrylic materials for dielectric elastomers. Results in Physics,
29, 104781. https://doi.org/10.1016/j.rinp.2021.104781.

Wei, H., Zhang, Z., Hussain, G., Zhou, L., Li, Q., & (Ken) Ostrikov, K. (2020).
Techniques to enhance magnetic permeability in microwave absorbing materials.
Applied Materials Today, 19, 100596.
https://doi.org/10.1016/j.apmt.2020.100596.

Wen, L., Yan, Z., Zhu, Y., Guan, L., Guo, X., Zhao, B., Zhang, J., Hao, J., & Zhang,
R. (2023). Recent progress on the electromagnetic wave absorption of one-

dimensional carbon-based nanomaterials. Journal of Materials Research and
Technology, 26, 2191-2218. https://doi.org/10.1016/j.jmrt.2023.08.029.

Wen, S. L., Liu, Y., Zhao, X. C., Cheng, J. W., & Li, H. (2014). Synthesis, dual-
nonlinear magnetic resonance and microwave absorption properties of nanosheet

hierarchical cobalt particles. Physical Chemistry Chemical Physics, 16(34),
18333-18340. https://doi.org/10.1039/C4CP0O1468E.

Won, H., Hong, Y., Choi, M., Garcia, H., Shin, D., Yoon, Y., Lee, K., Xin, H., & Yeo,
C. (2022). Microwave absorption performance of M-type hexagonal ferrite and
MXene composite in Ka and V bands (5G mmWave frequency bands). Journal
of  Magnetism and Magnetic Materials, 560, 169523.
https://doi.org/10.1016/j.jmmm.2022.169523.

Wongkasem, N. (2021). Electromagnetic pollution alert: Microwave radiation and
absorption in human organs and tissues. Electromagnetic Biology and
Medicine, 40(2), 236-253. https://doi.org/10.1080/15368378.2021.1874976.

Willard, M. A., & Daniil, M. (2012). Nanocrystalline Soft Magnetic Alloys Two
Decades of Progress. Handbook of Magnetic Materials, 21, 173-342.
https://doi.org/10.1016/B978-0-444-59593-5.00004-0.

Xu, Z. B., Qi, Z. H., Wang, G. W., Liu, C., Cui, J. H,, Li, W. L., & Wang, T. (2022).
Electromagnetic wave absorption properties of Ba (CoTi) x Fel2-2x O19@
BiFeO3 in hundreds of megahertz band. Chinese Physics B, 31(8), 087504.
https://doi.org/10.1088/1674-1056/ac5240.

Yadav, R. S., Kutitka, 1., Vilcakova, J., Havlica, J., Masilko, J., Kalina, L., ... &
Hajduchova, M. (2017). Impact of grain size and structural changes on magnetic,
dielectric, electrical, impedance and modulus spectroscopic characteristics of
CoFe204 nanoparticles synthesized by honey mediated sol-gel combustion

method. Advances in Natural Sciences: Nanoscience and Nanotechnology, 8(4),
045002. https://doi.org/10.1088/2043-6254/aa853a.

Yamashita, M., & Katoh, K. Single Molecule Magnets. Physics and Applications, 79-
101. https://doi.org/10.1002/9783527694228.ch4.

172



Yang, L. (2015). Nanotechnology-enhanced metals and alloys for orthopedic
implants. Nanotechnol.-Enhanced Orthop. Mater, 20135, 27-47.
https://doi.org/10.1016/b978-0-85709-844-3.00002-1.

Yeo, R. J., Dwivedi, N., Rismani, E., Satyanarayana, N., Kundu, S., Goohpattader, P.
S., .. & Bhatia, C. S. (2014). Enhanced tribological, corrosion, and
microstructural properties of an ultrathin (< 2 nm) silicon nitride/carbon bilayer
overcoat for high density magnetic storage. ACS Applied Materials &
Interfaces, 6(12), 9376-9385. https://doi.org/10.1021/am501760p.

Yotthuan, S., Suriwong, T., Pinitsoontorn, S., & Bongkarn, T. (2018). Effect of Fe203
doping on phase formation, microstructure, electric and magnetic properties of
(Ba0.  85Ca0. 15)(Ti0.  90ZrO0. 10) O3  ceramics. Integrated
Ferroelectrics, 187(1), 100-112.
https://doi.org/10.1080/10584587.2018.1445691.

Yu, X., Wang, L., Liu, R., Zhou, N., Xu, Z., Gong, H., Zhao, T., Sun, J., Hu, F., &
Shen, B. (2023). Simultaneous improvement of coercivity and saturation
magnetization of M-type strontium ferrite by Nd3+-Co2+ unequal co-
substitution. Ceramics International, 49(7), 10499-10505.
https://doi.org/10.1016/j.ceramint.2022.11.235.

Yunasfi, Mulyawan, A., Mashadi, Suyanti, & Ari Adi, W. (2021). Synthesis of NiCe
Fe(2-)O4 (0 <x<0.05) as Microwave Absorbing Materials via Solid-State
Reaction Method. Journal of Magnetism and Magnetic Materials, 532, 167985.
https://doi.org/10.1016/j.jmmm.2021.167985.

Zahid, M., Khan, H. M., Rehman, A. U., Waheed, A., Sadiq, 1., Mazhar, E., ... &
Mustageem, M. (2021). Structural, morphological, dielectric and magnetic
properties of Bal— xCrxFel2019 M type hexaferrites. Physica Scripta, 96(12),
125405. https: 10.1088/1402-4896/ac29da.

Zeng, X., Cheng, X., Yu, R., & Stucky, G. D. (2020). Electromagnetic microwave
absorption theory and recent achievements in microwave absorbers. Carbon,
168, 606-623. https://doi.org/10.1016/j.carbon.2020.07.028.

Zezyulina, P. A., Petrov, D. A., Rozanov, K. N., Vinnik, D. A., Maklakov, S. S.,
Zhivulin, V. E., ... & Shannigrahi, S. (2020). Study of the Static and Microwave
Magnetic Properties of Nanostructured BaFel2— x Ti x O19. Coatings, 10(8),
789. https://doi.org/10.3390/coatings10080789.

Zhang, H., Krooswyk, S., & Ou, J. (2015). Measurement and data acquisition
techniques. High Speed Digital Design, 199-219. doi:10.1016/b978-0-12-
418663-7.00005-8. https://doi.org/10.1016/b978-0-12-418663-7.00005-8.

Zhang, L., et al. (2023). Fine-grained Tb3A15012 transparent ceramics prepared by
co-precipitation synthesis and two-step sintering. Magnetochemistry, 9(2), 47.
https://doi.org/10.3390/magnetochemistry9020047.

Zhang, N., Han, M., Wang, G., Zhao, Y., Gu, W., Zhou, M., Chen, J., & Ji, G. (2021).
Achieving broad absorption bandwidth of the Co/carbon absorbers through the
high-frequency structure simulator electromagnetic simulation. Journal of

173



Alloys and Compounds, 883, 160918.
https://doi.org/10.1016/j.jallcom.2021.160918.

Zhang, X. F., Dong, X. L., Huang, H., Lv, B., Lei, J. P, & Choi, C. J. (2007).
Microstructure and microwave absorption properties of carbon-coated iron
nanocapsules. Journal of Physics D: Applied Physics, 40(17), 5383.
https://doi.org/10.1088/0022-3727/40/17/056.

Zhang, X. J., Wang, G. S., Cao, W. Q., Wei, Y. Z., Liang, J. F., Guo, L., & Cao, M. S.
(2014). Enhanced microwave absorption property of reduced graphene oxide
(RGO)-MnFe204 nanocomposites and polyvinylidene fluoride. ACS applied
materials & interfaces, 6(10), 7471-7478.

Zhang, Y., Kang, Z., & Chen, D. (2014). Synthesis and microwave absorbing
properties of Mn—Zn nanoferrite produced by microwave-assisted ball milling.
Journal of Materials Science: Materials in Electronics, 25(10), 4246-4251.
https://doi.org/10.1007/s10854-014-2156-z.

Zhao, W. Y., Wei, P, Cheng, H. B., Tang, X. F., & Zhang, Q. J. (2007). FTIR spectra,
lattice shrinkage, and magnetic properties of CoTi-substituted M-type barium

hexaferrite nanoparticles. Journal of the American Ceramic Society, 90(7),
2095-2103. https://doi.org/10.1111/j.1551-2916.2007.01690.x.

Zhu, L., Zeng, X., Li, X., Yang, B., & Yu, R. (2017). Hydrothermal synthesis of
magnetic Fe304/graphene composites with good electromagnetic microwave

absorbing performances. Journal of Magnetism and Magnetic Materials, 426,
114-120. https://doi.org/10.1016/j.jmmm.2016.11.063.

Zia, A. W., Zhou, Z., Shum, P. W., & Li, L. K. Y. (2017). The effect of two-step heat
treatment on hardness, fracture toughness, and wear of different biased diamond-

like carbon coatings. Surface and Coatings Technology, 320, 118-125.
https://doi.org/10.1016/j.surfcoat.2017.01.089.

174



	Blank Page



