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With the dynamic progress in technology worldwide, the research into new engi-
neering materials applies to a wide range of materials with exciting properties. These
materials include improved metal alloys, new types of plastics, ceramics, and composite
materials with a wide range of applications, e.g., [1,2]. In terms of modern applications,
the most important factors in the field of ceramic materials are high values of dielectric,
ferroelectric, piezoelectric, pyroelectric, and magnetic properties obtained in various types
of materials, e.g., ferroelectrics, piezoelectrics, pyroelectrics, piezoelastics, multiferroics,
ferroelectro-ferromagnetic composites, materials with a perovskite-type structure, doped
ceramic materials, lead-free materials, biomaterials, etc. [3–6]. In recent years, particular
emphasis has been placed on experimental and technological research on materials with
multiferroic properties for microelectronic and micromechatronic applications [7–9]. These
studies concern both the design of materials with functional properties obtained in one
material [10–12] (and joining materials with various properties to form a composite, e.g.,
ferroelectric with ferrite [13–18]) and the design of multi-component materials (e.g., solid
solutions) [19–21]. Such a connection (with the coupling of the magnetic and electric subsys-
tems) allows for obtaining new material properties, extending the application possibilities
of these materials. For example, multiferroic properties can be used in interference sensors
sensitive to field changes, during the precise control of electrical and magnetic fields, as
well as temperature and pressure, and further in broadband detectors of the far infrared, as
tunable multifunction transducers, pyroelectric sensors, oscillators, vibrators, electrostric-
tive and magnetoelectric transducers, actuators, logic devices (for storing information) and
microwave devices [7–9,22]. Multiferroic composites with a high magnetoelectric effect and
optimal properties are also potential candidates for specific applications in magnetoelec-
tronics or spintronic technology [7,22–24]. Appropriate magnetoelectric coupling allows
external factors (magnetic field, electric field, stress, or temperature) to control magnetic
and electrical properties, which makes it possible to obtain new types of memory in one
material [23–27].

Thus, producing various physical properties in one material is a promising way
to obtain modern and high-performance engineering materials to obtain their versatile
functionality. For example, obtaining a multiferroic ceramic composite, a combination of
a material with high dielectric, piezoelectric and ferroelectric properties and a material
with high magnetic properties, increases the magnetoelectric effect, which is an important
factor in many applications. Various transducers, sensors, and memory elements based
on materials with multiferroic properties find newer and more functional applications
in microelectronics, cosmology, and high-energy physics [9]. This results in the need for
the continuous improvement of this type of material’s production technology to obtain
a product with optimal and repeatable physical parameters. Technology improvement
is accompanied by the simultaneous search for new kinds of multiferroic materials with
exciting properties.

The technology for obtaining ceramic materials at each stage of the technological
process is controlled (supported) by a wide range of specialized tests, including thermo-
gravimetric (DTA, TG, DTG), X-ray (XRD), and microstructure analysis (SEM, EDS, EPMA,
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TEM, AFM, STM). In the case of multiferroic ceramic composites and ceramic materials
with functional properties, the improvement of physical properties and proper parameters
is mainly obtained as a result of optimizing the conditions for their production. These
include the conditions of synthesis and sintering, the use of unique sintering methods,
the modification of already known technological methods, the appropriate selection and
optimization of technological methods for a specifically designed multiferroic composite
composition, as well as the appropriate modification of the base composition. All of
the above activities in ceramic technology processes are used to enhance the properties
and broaden the application of ceramic materials, e.g., [7–9,28]. Specialist tests of the
final properties of ceramic materials and their reliability and stability (over time and under
changing conditions of use) are used to determine new application possibilities for materials
with functional properties. These include, for example, testing of the ferroelectric, dielectric,
piezoelectric, pyroelectric, piezoelastic, magnetic, and magnetoelectric properties, Raman
spectroscopy, impedance tests, electric conductivity, etc. [29–31].

The experimental and research issues relating to modern materials engineering in
materials with functional properties presented above constitute the thematic scope of this
Special Issue, entitled “Advanced Ceramic Materials with Functional Properties”. The
main objective of this Special Issue is to publish outstanding papers presenting advanced
research in the field of ceramic materials and ceramic composites with functional properties
and broad applications.
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12. Dzik, J.; Lisińska-Czekaj, A.; Zarycka, A.; Czekaj, D. Study of phase and chemical composition of Bi1-xNdxFeO3 powders derived

by pressureless sintering. Arch. Metall. Mater. 2013, 58, 1371–1376. [CrossRef]
13. Gao, R.; Qin, X.; Zhang, Q.; Xu, Z.; Wang, Z.; Fu, C.; Chen, G.; Deng, X.; Cai, W. Enhancement of magnetoelectric properties of

(1−x)Mn0.5Zn0.5Fe2O4-xBa0.85Sr0.15Ti0.9Hf0.1O3 composite ceramics. J. Alloys Compd. 2019, 795, 501–512. [CrossRef]
14. Bochenek, D.; Zachariasz, R.; Niemiec, P.; Ilczuk, J.; Bartkowska, J.; Brzezińska, D. Ferroelectromagnetic solid solutions on the

base piezoelectric ceramic materials for components of micromechatronics. Mech. Syst. Signal Process. 2016, 78, 84–90. [CrossRef]
15. Bochenek, D.; Niemiec, P.; Dercz, G.; Chrobak, A. Electrophysical properties of multiferroic PMN-PT-Ferrite composites sintered

by spark plasma sintering. J. Magn. Magn. Mater. 2022, 563, 169909. [CrossRef]
16. Bochenek, D.; Niemiec, P.; Chrobak, A. Effect of chemical composition on magnetic and electrical properties of ferroelectromag-

netic ceramic composites. Materials 2021, 14, 2488. [CrossRef]
17. Gupta, A.; Huang, A.; Shannigrahi, S.; Chatterjee, R. Improved magnetoelectric coupling in Mn and Zn doped CoFe2O4–

PbZr0.52Ti0.48O3 particulate composite. Appl. Phys. Lett. 2011, 98, 112901. [CrossRef]

http://doi.org/10.1017/S143192762101271X
http://www.ncbi.nlm.nih.gov/pubmed/34503599
http://doi.org/10.3390/ma15093168
http://www.ncbi.nlm.nih.gov/pubmed/35591500
http://doi.org/10.1080/01411594.2017.1341982
http://doi.org/10.1080/01411594.2016.1198962
http://doi.org/10.2298/PAC2003218S
http://doi.org/10.3390/ma14092254
http://www.ncbi.nlm.nih.gov/pubmed/33925532
http://doi.org/10.1088/0953-8984/20/43/434201
http://doi.org/10.1038/natrevmats.2016.46
http://doi.org/10.1557/mrs.2017.86
http://doi.org/10.1016/j.actamat.2021.117437
http://doi.org/10.1016/j.ceramint.2017.06.008
http://doi.org/10.2478/amm-2013-0177
http://doi.org/10.1016/j.jallcom.2019.05.013
http://doi.org/10.1016/j.ymssp.2015.10.010
http://doi.org/10.1016/j.jmmm.2022.169909
http://doi.org/10.3390/ma14102488
http://doi.org/10.1063/1.3562949


Materials 2022, 15, 6439 3 of 3

18. Pandya, R.J.; Sengunthar, P.; Zinzuvadiya, S.; Joshi, U.S. Investigation of magnetoelectric coupling effect in strongly ferroic oxide
composites. Appl. Phys. A 2019, 125, 614. [CrossRef]
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