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ISSUES TO ADDRESS...

How do we measure magnetic properties?

What are the atomic reasons for magnetism?

How are magnetic material classified?

Materials design for magnetic storage.
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BASIC CONCEPT
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Ficure 20.2° The magnetic moment as designated by an arrow.




Magnetic field vectors
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Magnetic permeability
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Ficure 203 (a) The magnetic field H as generated by a cylindrical coil is
dependent on the current 7, the number of turns N, and the coil length /,
according to Equation 20.1. The magnetic flux density B, in the presence of a
vacuum is equal to uoH, where p is the permeability of a vacuum, 47 X 107’
H/m. (b) The magnetic flux density B within a solid material is equal to wH,
where u is the permeability of the solid material. (Adapted from A. G. Guy,
Essentials of Materials Science, McGraw-Hill Book Company, New York, 1976.)
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Origins of magnetic moments
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Diamagnetism and Paramagnetism

® Diamagnetism
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Ficure 20.5  (a) The atomic dipole
configuration for a diamagnetic material
with and without a magnetic field. In the
absence of an external field, no dipoles exist;
in the presence of a field, dipoles are
induced that are aligned opposite to the field
direction. (b) Atomic dipole configuration
with and without an external magnetic field
for a paramagnetic material.
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Ficure 20,6 Schematic representation of
the flux density B versus the magnetic
field strength H for diamagnetic,
paramagnetic, and ferromagnetic
materials.



Table 20.2 Room-Temperature Magnetic Susceptibilities for Diamagnetic and

Paramagnetic Materials

Diamagnetics Paramagnetics
Susceptibility Susceptibility
Xm (volume) A (volume)
Material (S/ units) Material (S/ units)
Aluminum oxide -1.81 x 10 Aluminum 2.07 x 105
Copper -0.96 x 10° Chromium 3.13 x 104
Gold -3.44 x 10° Chromium chloride 1.51 x 103
Mercury -2.85 x 10 Manganese sulfate 3.70 x 103
Silicon -0.41 x 10 Molybdenum 1.19 x 104
Silver -2.38 x 10° Sodium 8.48 x 106
Sodium chloride -1.41 x 10° Titanium 1.81 x 104
Zinc -1.56 x 10 Zirconium 1.09 x 104
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Antiferromagnetism and Ferrimagnetism

® Antiferromagnetism
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® Ferrimagnetism
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Ficure 20.9  Schematic diagram showing the
spin magnetic moment configuration for Fe*"
and Fe’" ions in Fe;0,. (From Richard A. Flinn
and Paul K. Trojan, Engineering Materials and
Their Applications, 4th edition. Copyright © 1990

by John Wiley & Sons, Inc. Adapted by Q Q Q Q

permission of John Wiley & Sons, Inc.) ol 2 -3 e
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Table 20.4 Net Magnetic Moments for Six Cations

JVel Spin

Magnetic Moment

Cation (Bohr magnetlons)
Fe3+ 9
Fe2+ 4
Mn?2+ S5
Co?+ 3
Ni2+ 2
Cu2+ 1
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Ficure 20.10 Plot

of saturation
magnetization as a
function of temperature
for iron and Fe;O,.
[Adapted from J. Smit
and H. P. J. Wijn,
Ferrites. Copyright ©
1959 by N. V. Philips
Gloeilampenfabrieken,
Eindhoven (Holland).
Reprinted by
permission. |
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Domains and Hysteresis

o #miudan ferromagnetic se ferrimagnetic  AgaunniA1Nn
gaunil curie WU magnetic dipole moment AENTITIALTES

U 1

Arognadussiloulazdianeivuuiuluusnandnguiaseni

masgnetic domains

> = = = > e > Ficure 2011 Schematic depiction of domains in a
et e ol ims oy ferromagnetic or ferrimagnetic material; arrows represent
T T atomic magnetic dipoles. Within each domain, all dipoles are
aligned, whereas the direction of alignment varies from one
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Ficure 20012 The gradual change in magnetic

//
// i dipole orientation across a domain wall. (From
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Uhlmann, Introduction to Ceramics, 2nd
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Ficure 20013 The B-versus-H behavior for
a ferromagnetic or ferrimagnetic material
that was initially unmagnetized. Domain
configurations during several stages of
magnetization are represented. Saturation
flux density By, magnetization M,, and initial
permeability u; are also indicated. (Adapted
from O. H. Wyatt and D. Dew-Hughes,
Metals, Ceramics and Polymers, Cambridge
University Press, 1974.)
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Maonetic Materials
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Ficure 20,16 Schematic magnetization
curves for soft and hard magnetic materials.
(From K. M. Ralls, T. H. Courtney, and J. Wulff,
Introduction to Materials Science and
Engineering. Copyright © 1976 by John Wiley
& Sons, New York. Reprinted by permission of
John Wiley & Sons, Inc.)



Table 20.5 Typical Properties for Several Soft
Magnetic Materials

Initial Relative  Saturation Hysleresis
Composition Permeability Flux Density Bs Loss/Cycle  Resistivity
Material (wt %) U, [fesla (gauss)] [J/n? (erg/emP)] (Q-m)
Commercial 99.95Fe 150 214 270 1.0 x 107
iron ingot (21,400) (2700)
Silicon—-iron  97Fe, 3Si 1400 2.01 40 4.7 x 107
(oriented) (20,100) (400)
45 Permalloy 55Fe, 45Ni 2500 1.60 120 4.5 x 107
(16,000) (1200)
Supermalloy 79Ni, 15Fe, 75,000 0.80 — 6.0 x 107
5Mo, 0.5Mn (8000)
Ferroxcube A 48MnFe204, 1400 0.33 ~40 2000
52ZnFe204 (3300) (~400)
Ferroxcube B 36NiFe204, 650 0.36 ~35 107

64ZnFe204 (3600) (~350)



Table 20.6 Typical Properties for Several Hard Magnetic Materials

Remanence Coercivity Curie
Br Hc (BH)max Temperature Resistivity
Composition [tesla [amp-turn/m  [Kk]J/m3 Tc o
Material (wt %) (gauss)] (Oe)] (MGOe)] [°C (°F)] (Q-m)
Tungsten 92.8 Fe, 0.95 5900 2.6 760 3.0 x 107
steel oW, 0.5 (9500) (74) (0.33) (1400)
Cr,0.7C
Cunife 20 Fe, 20 0.54 44,000 12 410 1.8 x 107
Ni, 60 Cu (5400) (550) (1.5) (770)
Sintered alnico 8 34 Fe, 7 Al, 0.76 125,000 36 860 —
15 Ni, 35 (7600) (1550) (4.5) (1580)
Co, 4 Cu,
5Ti
Sintered ferrite 3 BaO-6Fe,O, 0.32 240,000 20 450 ~10*
(3200) (3000) (2.5) (840)
Cobalt rare earth1  SmCos 0.92 720,000 170 725 5.0 x 107
(9200) (9,000) (21) (1340)
Sintered neodymium- Nd,Fe,,B 1.16 848,000 255 310 1.6 x 106

iron-boron

(11,600) (10,600) (32) (590)



Magnetic Storage

- Audio tape, VCRs, Computer hard disks, floppy disks, credit cards

Recording medium Ficure 20.18 Schematic

7 representation showing how
\ information is stored and
g = e @@@@ 8 retrieved using a magnetic
DS S > s s storage medium. (From J. U.

Lemke, MRS Bulletin, Vol. XV,
No. 3, p. 31, 1990. Reprinted with
permission. )
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Ficure 20.19 A scanning electron
micrograph showing the microstructure of
a magnetic storage disk. Needle-shaped
particles of y-Fe,O5 are oriented and
embedded within an epoxy phenolic resin.
8000X. (Photograph courtesy of P. Rayner
and N. L. Head, IBM Corporation.)

(a)

Ficure 20.20  (a) A high-
resolution transmission
electron micrograph showing
the microstructure of a
cobalt-chromium-platinum
thin film that is used as a
high-density magnetic storage
medium. The arrow at the top
indicates the motion direction
of the medium. 500,000X. (b)
A representation of the grain
structure for the electron
micrograph in (a); the arrows
in some of the grains indicate
the texture, or the direction
of easy magnetization. (From
M. R. Kim, S. Guruswamy,
and K. E. Johnson, J. Appl.
Phys., Vol. 74, No. 7, p. 4646,
1993. Reprinted with
permission.)
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Ficure 20.21 Temperature
dependence of the electrical
resistivity for normally conducting
and superconducting materials in
the vicinity of 0 K.



Table 20.7 Crticall Temperatunres and Magnetie Fluxes fhor Selected Supenrcomnductimng
Matepals

Granticall Temyperatuke Crantical IMagnpetié
Matensial TC (K Elurx IDenshty BIC (iteslha)
Elements
Tungsten 0.02 0.0001
Titanium 0.40 0.0056
Aluminum 1.18 0.0105
Tin 3.72 0.0305
Mercury () 4.15 0.0411
Lead 7.19 0.0803
Compounds and Alloys
Nb-Ti alloy 10.2 12
Nb-Zr alloy 10.8 11
PbMo,Sq 14.0 45
V5Ga 16.5 22
Nb5;Sn 18.3 22
NbAl 18.9 32
Nb;Ge 23.0 30
Ceramic Compounds

YBa,Cu;0, 92 —
Bi,Sr,Ca,Cu50,, 110 —
Tl,Ba,Ca,Cu50,, 125 —

HgBazcazcuZOB 153 -



