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Nodern piysicists have defined magnetimm 40 an axtermal fores dus to also-
tricity in mctiocn, whsther it be in & conductor such as oopper wire or an elsctrem
spinning oz ite ovn axis. Present theory indicates that the origin of ferramagnet~
ism in materials such as irom, cobalt, and nickle is dus to spinning electrons
within the third incamplete shell af the atams. These elecirons creste a magnstis
mament. In peighboring atoms the magnetic maments are bald parallel by quantum
mechanical forces; tims creating & region known a8 a domain., In an ummagnetised
ferromagnetic material, the magnetic maments of the écmains are randmly oriented
and cancel obe arcther. However, the magnetic forces are present and the applice-
tion of an extermal ragnetic field causes the domains to be realigned so that
thelir magnetic momsnts are added to that of the applied fisld, This reslts én a
mnifold incresse in the magnetis flux as compared to the applied field,

In scme ferromagnetic materials or alloys, the aphlication of oomparitively
small exterpal fislds will cause & large measure of recigrmest. Bowever, wpom
removal of the external field, only a very samll portion of the fisld so produced
is retained as there is little restraining force within the structure. These
ferromagnetic materials are low energy or soft magnetic materials.

Other ferruvmagnetic matarials, due to restruining forces within the materials,
require larger applied fields to cause crisntation of the spinning electrons; but,
due to the restraining forces, a large measurs of the acquired criectaticn is
retained when the external field is remcved. Thess ars Ligh eergy or bard magnetis
asterials wsed in permanernt magnets.

The field produced by the myriads of spimnning electrons cen work for yos.
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Crystallography:

T ELASSY TION TRRITE VATER

Soft Ferrites Low coercive force, high
permoabilities

Hard Perrites Extrensly high coercive

force. High remmance,
low parmeabilities

Extresm=ly low coercive
force, High maturation
sagnetization

Carmets

ClLASSIFICATION OF FERRITS PERANTNT NATGKFTTS
T A

Oriented Highest energy procust (2.5 x 105)
Non—orirnted Intereadiste sneryy product
(1.1 x )
Rubber Intermediste energy product
(1.0 x )
Plastic Bonded Low product.
(Ou6 x ;g)

PTRUANTNT MAGAET CHEM1STRY

General Formula: MeQ * nre04 Do, oo, P
Most Comson Forwulas: BaD 5.6?020, or BaPe; 0o
PO ¢ 5,670y or PO . 3.L7e,04
810 © 6re0y or 310 * LPely

¥e0 + Fex0y or Fe0
Hexagonal

LHCLoSv 8~ X

or lodestone or Magretite 3

3
Evsy direction of 1sation (AB p ¥
bz i, 0 e~ T 0 |

Computers and

general communiontions

Pernanemt magnets

Por microwave
ocomponants,.

Sintered
Sintered

Ferrite ixpreg-
nated rubber,
n"!ibh.

Hishly reected
forrite held 4n
thermosetting
p]l“ieo Low
tenp. eure,

where Me ®divalent meiglic done

or Pe

N 3583.01
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CCUPARLION OF PROPERTIRS
Alloy Magnets (Alnioe V)

yYermis

Ferrite Permanert Nagnets
(Indiana Steel's Index V)

LIA15834

Coefficient of t.mpn expans ion
(per deg C x 107°)

'Amco v nDoox v
XA5! STIC QUARATTRRIST \
Paak Bnergy Promct (BgH,) eax x 109 5.25 1,5
Residual Incucticr, B. (rilorauss) 12,5 L,00
Coercive Porcs, H. (oersteds) 600 2000
Permeance Coeficient, B/H w (B 6) rax, 2 1.06
Irduction, By « (3y) rax (¥ilogwss) 10,2 1.85
¥af per urit lersth, H. . (3,H,) rax (ocarsteds] 512 1758
incresertal Fermeslility 2.2 1.08
Peak Mrerctizing Force Required, Kp (cersteds) | 3000 10,000
APPLICATICN AMD DESIGH FACTOR§ '
Ability to witnstand deaagretizirg fields Good urerior
Anprox, torp. permwnently affacting matl.(°r) 1000 1200
Preferred marmatic orientatiom Yoo Yoo
Inportance of working st (B Hy) wax Most Leart
Weizht (1b per cu in.) 0.27 0.18
Mechamnical Propertiss Hard4Brit, Hard&Brittd
Critical Materials Prosent 08 and N4 Rone
Elcctrical resfstivity w 25°C (v—ohm om) L7 1019
Tensile Jtrength (;a1) 5L50 Low
L3 10

Lhelosvrd %
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4 )4 ' CURR®AT FEIRA A
; NAS3 DOLLAR VOL- [ % OF FERRIT®
: MATERIAL PROD. [INTRODUCTD |WVE SALXS IN MARKST
: 6»&1’!&0&! D USE TYPE | SYSTEM INTRO. | BY 1963
. Daflection TV Yokes MZrFex0 GCeneral
; Casponents TV Transformers | Joft Han?ezO,‘ 19L9 | Cerarmics '5,550,@ 8.9
Anterma Redin Receivery ¥iZnCole 0, Henry L,
Rods Seft 1851 | Crowley Co.} $1,500,000 | 2.a2
3q are Loop {Computer witch ¥ZriigFe 0 General
Territes and Kemory Soft 1652 i Ceramics $30,000,000 }48,%8
Specialties |Communications
& Computers as
Cup Cores, Tuninn
3dlugs, Hi-Freq, [3oft | Many 1953~ | Many $8,000,700 112,89
Transforzers,
Recorder Heads,
Magnetostrictive
} Transducers
Ricromave Naveguides, liilnu}‘czo,. Parroxcube,
Components Gyrators, Garnets YaFe0, Genersl
lsclators, Bte, |3oft 1954, | Ceramicey $6,000,000 | 9.66
Persanent Indiana
y-u il.uxy Hard |BaFe) 0,5 1955 |Steel 811,000,000 |17,7¢
!;.Eim YACAST MARKET DEVELOPVENT
YEAR REMARKS ANKUAL SALES
1955 Non-orianted barium ferrite mapnet intruduced to
the U.3. earket by Indiany steel. Prergy Prod.- 0.8 x 10
195 Consumer acceptance for TV focusifig, toys, and holdifm, £1,000,000
Other ferrite manufacturers have ~rtered field (approx.)
1947 Oriented barium ferrite ayget !g-groducd by Indiang 82,500,000
3tesl, Erersy Product - 3,0 x 1 {approx, )
1959 Oriented mucnet accepted by loud speaker ramufacturers, 86,000,000
Found accectadle for separstors and heavy handling,
$ 74, 500,000
bber magncts introduced by Leywan Rubber Co. »
1960 g:ner ferrite mamufycturers enter oriented mirnet oorox.)
. field, Oriented pagnots accepted for Travelins Wave
Tube applications and ‘some motor apnlications,
1963 Iupact of ruboer maznets ia felt. 1Increased applicstion $11,000,000
of oriented magrets, 3ivteen rajor companies are
now manufacturing ceramic psrmanent magnets.

anstm s 5.



PR RHZUT PTRYANTMT VAGRETS 0D

1 (Based on 1959-1%0 dollsr
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APPLICATICA OF PTUBANTAT WAG) RT3

magr et sakers.)

(based on world census of permareht

APPLICATION £ by weight
Loudspeskers W65
¥agretos, generators, and mators 16.8
Heasuring instrusents 12.4
Electronic devices, thermostats, avtomatis

controls, and ajicrowuve apnlications, LJ%
Toys and novelties 5.7
Telephones 14
#orkholders and latchee 2.5
3emarators 1.9
Other applications 1.6
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U,S, FERRITE MAGHET VA\ITACT\::.Q

MANUFACTURZR

LOCATION

TYPRS

Indians Steel, Division of
Indiana General Corpe

Veparsiso, lndlana

_ e -]

A

General Macnetics, Div, of
Huter Corp.

Detroit, Michigan

Orientsd Only

Arnold Engineering, Div, of
Allegheny ludlum

Marengo, Illinois

Oriented and
Plastic Bonded

Stackpale

St. Marys, Penna,

Orierted ard Kon-
oriented,

Magnstronics, Div, of
Crucible Steel

Eliaabethtown, Ky

Orisrted and non-
oriented,

D.M, Steward Chattancoga, Tern, Oriented and none
oriented,
. Allen Bradley Milwauices, Wisconsin Orierted and non-
oriented
Hestinghouse Blairstown, Penna, Oriented ~nly
Goodyear Rubber Akron, Ohic Ruhber only,
Goodrich Rubber Narieta, O.jo Rubber only
Leyzan Rubber Cinclrraty, Ohio Rubber only
Autoration lndustries Bonlder, Colorsdo Oriented and None
oriented
Natiomel Moldite hewark, N.J. Bon-orisnted
Kesrfott Clifton, ¥.J. Non-or!erted
Magreco, Div. of Advance
Ross Klectronics Corp. Aodison, 111, Ron-oriented
Magno~Ceran South Plainfield, N.J. Oriented and
Rubber
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! U, 3, ALICY VAGEST LAMUIFACTURERY
: foirg and srmial business cf
apsroy, 43 millior dollars,)

MANUFACTURER

LOCAT 108

Incdians 3teel Products Division, Ircdiana General Corp.

Yaloariiso, lndiana

Crucible steel Cerporstion

Harrison, B.J.

GCenersl Xagnetics Div,, Muter Corporation

D+troit, Michisn

Armold Brginearing Div., Alleghery lLudlum

Narerwo, 111

Generl Rlectrie Corpomtion

Schensetady, KN.Y.

West inghouse Corporation

Blairsteam, Perrs,

Thores and 3kirner

Indiaravolis, Ind,

‘ Simponds Jtcel and Saw

Lockort, N.Y.

C.3. Alloy and Kagnet Corp.

Bloowmfield, X.J.

FVCLosyas &
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