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Magnetic ceramics describes the structure, preparation techniques, magnetic
properties and applications of iron-based oxides, also known as ferrites. The
main purpose of the book is to provide an up-to-date overview of the relevant
aspects of ferrites. These cover a wide range of magnetic properties and
applications such as high-frequency transformer cores, permanent magnets,
microwave telecommunication devices, magnetic recording tapes and heads.
The subject is approached by emphasising its interdisciplinary nature. Synthesis
and fabrication methods and crystal structures are covered alongside the
theoretical basis of magnetic properties. This book fills a gap in the ceramics
literature. It has been written to appeal to the international community of
materials scientists, including researchers in industry and graduate students.
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Preface

Excellent reviews of various aspects of ferrites (Smit & Wijn, 1961; Smit,
1971; Wohlfarth, 1980, 1982; Goldman, 1990) and magnetism (Cullity,
1972; Jiles, 1991) have been published; however, the need for a monograph
covering recent developments on ferrites, such as new preparation tech-
nologies, the now-established correlations between polycrystalline structure
and magnetic properties, and the most recent applications in magnetic
recording, at an introductory level, was felt. The aim of this book is to
satisfy that need.

The book corresponds to a final-year undergraduate or graduate
level in solid-state chemistry, solid-state physics, or materials science,
but is expected to be useful also for the researcher specialising in
other areas who is interested in a basic overview of magnetic ceramics. It
is hoped, additionally, that it will be helpful for the development
engineer concerned with the science of ferrites which underpins their
applications.

The book was conceived to cover all the important aspects of ferrites.
The different crystalline structures are described in Chapter 2, with
brief discussions on cation site occupancy and the basic features of
the polycrystalline state. Chapter 3 is devoted to preparation methods
for powders, ceramics, thin films and single crystals, including classi-
cal solid-state sintering as well as new techniques involving the
manipulation of small particles. Magnetic properties are discussed in
Chapter 4; the approach is developed from the microscopic scale (magnetic
moments localised on atoms) to the macroscopic level (domains, granular
and shape effects). Electrical and magnetooptic properties are also briefly
discussed. Chapter 5 describes the basis of the well-established appli-
cations such as permanent magnets and high-frequency transformers,
more complex devices based on ferrites, such as magnetic recording
heads and media, as well as some of the most promising developments,
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Preface

such as perpendicular recording media and magnetooptic recording
materials. Finally, a brief overview of other types of magnetic materials,
mostly metallic alloys, is given in Chapter 6, including ‘classic’
materials such as soft and hard magnets, magnetic recording media and
heads, miscellaneous materials and applications, and superconductors.
In each chapter, an extensive list of references is provided for
readers interested in having access to the full details of the original
papers.

SI-Sommerfeld units are used throughout this book, since it is essentially
addressed to newcomers to magnetism. It is expected that the SI unit
system will eventually be fully adopted by the magnetism research
community. The definitions of the basic parameters and the conversion
factors are given in Tables 4.6-4.8.

Most of this book was written during a sabbatical leave at the
Department of Chemistry, University of Aberdeen, with a Research
Fellowship from the European Commission; I thank the Mexican authori-
ties at SRE and at the University of Mexico (DGAPA-UNAM). 1
especially acknowledge the invitation and encouragement from Professor
Anthony West to write this book, as well as his invaluable help with
the intricacies of the English language! 1 am indebted to the staff
of the IIM-UNAM (Mexico) and Queen Mother (Aberdeen) Libraries for
providing many scientific publications. I thank my wife Patricia, not
only for her understanding and encouragement to achieve this task, but
also for her technical help (she drew most of the figures!). Finally, I
hope that my son Alejandro will be interested in this book in the near
future.

University of Mexico Raul Valenzuela
July 1993
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Symbols

exchange constant
constant

cross-sectional area
angular momentum
nucleation-rate factor
unit cell parameter
Brillouin function
magnetic induction
demagnetised induction
remanent induction
maximum energy product
growing phase dimensionality factor
capacitance

domain wall mobility
vacancy concentrations
heat capacity at constant volume
cell parameter

divalent cation

average grain size
diffusion coefficients
energy difference (crystal field)
atomic orbitals

density

activation energy

kinetic energy

Fermi energy

anisotropy energy
exchange energy
magnetostatic energy
electron energy

magnetic potential energy
electron charge

electron orbital doublet
Lorentz force
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Xvi

frequency

Landé factor

intensity of magnetic field
coercivity

critical field (superconductors)
critical fields (superconductors)
critical field

effective anisotropy field
coercive field measured from B-H curves
intrinsic coercive field
anisotropy field

nucleation field

pinning field

propagating field

total field

molecular or Weiss field
resonance linewidth

ac magnetic field

Planck’s constant

radio frequency magnetic field
interference function

total angular quantum number
exchange integral
Arrhenius-type constant
geometric constant

Kundt’s constant

total anisotropy constant
scattered density
shape-anisotropy constant
magnetocrystalline anisotropy constants
constant

Boltzmann constant
inductance

total angular quantum number
Langevin function

angular momentum quantum number
magnetisation

metaloid

divalent cation

remanent magnetisation
saturation magnetisation
magnetic dipolar momentum
reduced magnetisation

mass

effective domain wall mass
magnet quantum number



Symbols

N number of atoms per volume unit
N, demagnetisation factor

Ny Avogadro’s number

n Avrami exponent

n integer

n number of Bohr magnetons per formula unit
n total number of electrons 3d + 4s
P, eddy-current loss

P, hysteresis energy loss

P(r) atomic distribution function

Pr total energy loss

Py average atomic density

AP change in properties

AP pressure difference

p growth mechanism factor

Ds spin angular momentum

Po angular momentum

Q electric charge

q electric charge

R gas constant

R rare-earth cation

R resistance

Ro oxide ion radius

RDF(r) radial distribution function
R wave function in spherical coordinates
r distance between atoms

r heating rate

r particle radius

r pore radius

To interatomic equilibrium distance

S total spin

s spin quantum number

S, particle separation

T temperature

T trivalent cation

™ transition metal

Tc Curie temperature

T; fictive temperature

T, glass transition temperature

T, melting temperature

Ty Neéel temperature

T, crystallisation temperature
Tc(,mp compensation temperature
t thickness

t reduced temperature

t time
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Symbols

electron orbital triplet
deformation parameter
unit cell volume
electrostatic potential
velocity

volume

x composition
crystallised fraction
domain wall displacement
formula weight

area of hysteresis loop
atomic number
complex impedance
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Fe bec crystal phase
Langevin factor
optical absorption coefficient
restoring force coefficient
1» 02, %3 angle cosines
viscous damping factor
gyromagnetic ratio
surface energy
Fe fcc crystal phase
domain wall energy
energy difference (crystal field)
degree of inversion
domain wall thickness
permittivity
geometrical factor
extrapolated temperature (antiferromagnetics)
wave function in spherical coordinates
angle
Faraday rotation angle
molecular field coefficient
wavelength
saturation magnetostriction constant
relative initial permeability
Hoiax relative maximum permeability
Ho permeability of free space
P electrical resistivity
greenbody strength
1 relaxation time
(1) wave function in spherical coordinates
D, magnetic quantum flux
¢ magnetic flux
o, solid volume fraction
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magnetic susceptibility

complex susceptibility

real and imaginary parts of the susceptibility
low-frequency susceptibility
perpendicular magnetic susceptibility
parallel magnetic susceptibility

wave function

time-independent wave function
angular frequency

Larmor frequency

resonance frequency

angular relaxation frequency
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