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LEAD INDUSTRIES ASSOCIATION, INc.

283 MADISON AVENUER

@ NEW YORK, N. Y. 10017

TELEAPHONE — AREA COOE B2
o -840

May 10, 1965

To the Members of lead Industries Association Inc.:

Attached is a reprint from the March, 1965 issue of Ceranic Are magazine
entitled "Ceramic Permanent Magnets". This article was adapted from the
speech given before the 30th Annual Meeting of the lsad Industries
Association, Inc. last year by Mr. Theodore Q. Dziemianowicz.

We feel that the appearance of this paper in Cerazic Age will provide
additional ammnition in our ca=paign to increase the use of ceramic per-

G ranent magnets and at the same time, to encourage adoption of & 20% lead

ferrite.
Mr. Dziemianowicz' paper goes into consideratle detail on ceramic pro-
cesses, applications and potential carkets for ceramic magnets in general
and high-lead permanent magnets in particular.
A few extra copies of this pauphlet are available on request, and the
resainder will be distributed at the Design Zrgineering Show ard in an-
swer to specific requests emirating from our advertising.

Very truly yours,

f/»: kL V 5"’.( 27\

(" Jerome F. Smith

JFS:df
Attachoent
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Becsnne hard torrtes are difficule
W ahonagnetize, ey are eoreadetedd
petnanecnt ettty

How They Are Made

Basi cvrane techingues are aty
Liresd an the synthosn of ann bard fee-
rte o thas veason, g rianent v
vt fontes e altens efoned o as
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Starting with veny pure fron ovide
and the ovdes or crlionates of citheee
e, strontiume or lead 1060,
v b e Bost e e seatie m the
Teald sostemt dn prape s waeneht o
ton cvonple 2000 PhO, and S0
Te 0, ta gne the ied conmpasition
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sped precses whore they e fornaed
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toen thes compadcts sder controliold
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ey ane st and naetetized

The oned proddact o thie sl
o beand ared Batele, Tackang Jontee wrd
wannh bl boan calor 1 has anap
percat deonaty of aleat N m o,
ated G te ot or gronnd, providod
ianond twdoge v usesd Althougl
Toad fesntes fack the eatienn b Ligh
stnettence anatne ization of their alloy
toterpants, theie other magoetic
Progerties ate far supwetior
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Raw Materials

e band Terrnte mdotny by o
depred the L ternste Bal'c, O
av by stasdand e e e st agie t o

toaly oo 10 naht be ponte d

B8y Theodore Q. Dilemicasvic
Four-Kite Products Corporation

oCeramic Permanent Magnets
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manmbacturers cnder to e boose ad
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shactureas e e atorndy wirh
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PhOy, 20 s wet and Fe O, o0
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Leod Ferrites Versus Borium
Ferrites
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Load borotes in s cuntes has heon
ot the Jower ciorey prodidct snatenial

the v socuted naewt, Res
satthens st dirdt and jadwe cor-
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eyronally  where eatremely  high
fields are venguinead ad other magnetic
twatenal patanecten are of no conse-
quenve. Everns wath 2 mazinunn thes
tetical vontanee of 3100 ganss, the
cvramie tagtnt ekl never approach
Aticu’s cartent 12000 gaass In many
applications bowesst, semnane is ek
ol prinwe ioportance, and such fadons
as dugh Gerdivits . weight, cont, and
sprace comne Juto plas, 100 in these ap-
pheation that (eeaoic magiedts have
wadkt great intoads s the allon mag-
et ket in the past 4 veats on a
steanght sulstituticn basia, The follow-
et ate sene ol the mote comnen of
the~e applications.
Door Latch Magnets: Protubly  the
kst (ummon uve for untered non-
wtnnted agnets Sundwicled in be-
taevietno soft sted] plates, the enerpy
ol the magint i cotcrntrated along
the rutmng edges of the steel plates,
thrcadh a pap. Tlas asanbly reqaire
3.7 paands of pall to part it from its
Levper, which males up the Litch
There wete appressateh 13 mullion
ol these ety sold Lt year, The
g e wan WO per magint
Ol t applications utilissag covanm
magtats buowd on the same prnciphe

Aare;

Can Opence Magiets Hokl Lid of can
after at Las Dueae (ot anay,

Aute Blinkee Light (Distress Signal)
A hors

Lchors (or the Rehitious Figusines
Founsd an \ute Dahiboards

et Holdens, Kitchen  Magi-Boards,
Magnetic Utenal Kitchen} Halders,
VMuguetic Svew Drvens,  Magnetic
Flashlight Holders, cte,

TV Comrector Magnets,  commonly
called pin anlion soagnets, uwed to
et for inadirsces in the cledron
gun asserndbly —diilerentating thie clec-
ttoas Jtom the gue. they dirat the
elettrons ta the steen and divert the
s, They are seuple bar anacoets
Pto 27 long I 027 wjuare ctossaee-
tromn. At 1vo to a TV s, there were
13 snalhion of these sold last year,
Thermostats The natual s ement
ot the tnoosemsitine elements is so slow
that of they were usad to opwerate con-
tacts diredtly, the low pressures at
opeting and closing would produce
whenhieating and wtcing aed the twers
wostat would Luat. By affiving a for-
ute ot to the moving thenno-
setitive Clements, positive anake and
breab iv aswred.

Float Switches in Aircraft used to fu-
dicate that Jiquid m a tak is above
or below a presenibed level and there-
by uperate signals and valves, opera-
tion umst be through an fmpervious
tank wall.

Muagnetic Dipstick for the measure-
went of ligud in an sircaaft fucl tank

without expastire of the-Tiguid. This is
a vertiwal tube dowd at the top and
wren at the battom, Btted into Ow
bottam of the taak. A feat canyng 2
1 maguet shdes on the tule an Lall
beatisges and the dipatick, which alwe

carres o uagnet attachad to ity top,

Gty e the tube, To weasne the
Boidd, the dipstred is releavd and de-
ads until its gt is held oppo-
site to that on the foat. The kel s
then shovu by the calibirated scale
on the dipstick protiading from the
Lotten of the tank,

Fullower Irives in Water Mcters A
follower drive vonvints essentially of
tw o facing permmancul magnet systems,
the driver and the diiven, o of a
diner sntem with a soflt magudtic
aninter part. Rotating fallowers are
tealy syncdivnous and noaually 1003
cthaint, the follower okt lags
slightly for notinal torques, bt does
wot shp o the vaternedter, the im-
peller i contun ted 1o a farrite maenat
theongh w shatt The entue sstem i
ctichred, around this fits 4 soft dron
cap. which is counected to a counter
thoaugl o sbuft. As the smpeller ro-
tutes the magnet, the soft iron cap
follow s, diiving the counter.

Other Apphications are as Rotors in
Motons for Clocks and Process Timens
~ustally dn the foran of disy wath Af-
tevas ety of i\o!rs along perimeter; as
Kalauce Dampers; in Polarized Teles
phoue Bingers: as Braling Magncts oo
Mators, Erasure Magocts on Tape Re-
corders, Phonograph Prl-ups,
AMateriade Hundling applicition are
ettt g onerded coramie mag-
nets in fuce quantitis.

Magoetic Separatoes {or temoving for-
ratagietic contaminants {tom wool,
tobocin, china day, prain, feed, iguid
coolants, tea_ cnal, and Guarried stone.
Flate Magnet Scparators—For use in
chinten, spouts, dudts, and conayons,
Pulley Separators—For cunsevors,
Automatic Deum Scpacaton—tu chute
ty e opwecations for handling of granu.
L and pulvetized peoducts.

Ferruue traps in Liquid Systems—
Thiree to four times anore magnetic
arca.

Flooe Sweepen —Pick-up ferrous met-
als from tables, Booes, parking lots,
e

Magnetic Chucks—Surface  gnnders,
dull presses.

Sheet Funners--For {eeding and han-
dhng sheet steel from cutting room to
punch press, stamping press, ete.
Fisling  Magnets—recuvering objects
from tanks.

Holding slat plate 1o overhicad con.
\eyors.

Cow Magncts .
Plastic Bonded Magnets as stators,
battery operated shavers, pencil sharp-

(X3

s tooth henbie, v motars
Rubliee Magnets, ol wals, refrigetas
Tars

Lenedspeaber Magnets  High fick-ity
spvabers oelv [ oallion wekd last
sear for 4 dallar volone of 8.
SO0 Ohrgetetend ferrite magints, on-
af bard fernte

Traseling Wave Tubes an asrays in
poendic focitgg. Aboat $1.000.000
warth of enagncts sobd Jast year.

Traveling Wave Tulks are usex] i
tacdar, dhoswe cantsol, misile contiol,
annd tracking, satelite conmunscations,
tadway cvnmnnications and symaling.

Altheongh dollar volune  sales of
kard speaker magnets, scasaring in-
steunrent imagicds, ard 1otor magnets
were almost equally distributed, the
tetal weight of loudywaker magncts
sld far eveendad the weeht s of
the wther tvo end products This may
T attsibuted 1o the fact that eeasur-
ing instnanents and mators, as pred-
siony bealt components, would requice
provikn grmeed magmets. Crinding
o macaning operations are expen-
anve, and would of cowsse be refiected
i e foun of increased nnit prices
for appheations of this ty pe.

In the wverall picture, thes can be
aaid of the ovtamic magnet ot of
the taet idelity speakers et in this
oty today, swhich represent only 2
sl fraction of the tota] peakes
watket, atilize ceramic magnets, 905
of 2l toy ated novelty magnets are of
e coramic type, better than 5075
ol work tandling and w-parator
wagnety are of the ¢eramic tvpe; al-
most all tekesvision maguets, other than
lowdigweabess, are cvramic magnets,
Boverver, ouly a fradtion of all motor
and itstiumneut  applications  utilize
CUTAniC magnets

Ccramic Magnet Market

Io 1955, magnet manufacturers
were fansd with a problem on the
discneny of coramic magnets; these
reyquiresd plants for powder produc
tion, prevses, and  high-tempetature
sintering furmaces. This was « depart-
ure from the traditional method of
alloy nugnet production of melting
thee lements teneether in one indues
tivny funue. To maintain their com-
pretitive status bowever, munt of the
Larger magnet prnlucers in the prind-
pal industrial countrics of the world
arr now produdng ceramic magnets
on a large conuncrcial scale,

The  wmtroduction  of  permanent
magnet ferrites as a mass produced
ndia by a mgor magoet manufac-
tuter in 1930 was the first majoc
adhancenment i pranancut  magnet
wneteriah techualogy since the futro-
duction of sluice by the Jupanese in
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potations, av carhv as 1958, reported
wartked dtnpeon cnents {in some cases
a high as 070 in the overal) mag.
netic quality of cveramic magnets when
WRYS subititition of Yead oxide for
bariuin ovide was made. Prownt o
duction o Yead fevites consivtently
exhibit 157 higher peak energy prod-
ucte than competitive barium fernte
magnets (1.0 10% gausv-ocnsteds ver-
sus 123X 1% gausv-oensteds), Theie
magnetic fidlds are far more waifonn,
a quality of eatreine importamce in
teaveling wave tube applications. Fur.

e, ey appear tn be much
woltes awd edabt Iatter ouacduring
prapedios than conventiona Luonm
ferete magnets —anaother desirable
quality for teaveling wave tabe appli-
cations where machined tolerances
wint be Jield to - 000017, Finally-
they calcine and fiee at conmsiderably
lower temperatares than bacium fer.
tite mazets, resalting in kwer poneer
comsumption, where ekxtric Lilus are
usedd. and highee outpt benels for
comparable process flow,

Although these unpros cawents were

Where Permanent Magnets Go
(Based on 1939-60 dollar volune sales)

VIRSUKING INSTROMENTS 236"
Electnty Weteey 102%)

POTATING
[$35aia.9
MAT KNGS

Application Of Permanent Magnets

{Based on wordd censes of pernnanent magnet nuakersd

Applicotion

Laomidspeakers

Magnetos, generatorz, and maotons
Measuring instruments

% By Weight
463

168
124

Eledtronic deviees, theauostats, awtomatic controls, and

microwave applicaijons
Toys and noveltics
Telephones
Workholders and latches
Scparators
Other applications

82
57
44
25
L9
16

weted i noncoticnted tope maginds,
Here iv tethingg to indi ate that simne
dar improvements are not posabde in
oticnterd Jead fersites,

T Ensopean magnet manufac-
titets appear to be mote active dn
tewarching Jead ferntes than Auseri-
can punufadturers. Recent investiga.
tiknn cutdacted on lead (errftes dn
Coennany indicated that atientation in
kead fertites auild be produced by
pressingg alone, without the application
of a magnitic Geld, providing small
doping additions of silica were used.
Magnets thus produced, exhibited
wmagnetic strength tluee times geeater
than conventionally pressed magnets
{1 the barium ferrite systeta. Recent
wark in the PLO34Fc0, sivstem,
stain In Cermany, alo indicated
magnetic propertics superior to those
of vonventional barium ferrites.

Raw Material Costs

Permanent agnet manufacturers,
who are aware of the macnctic ad-
vattages of lead ferrites, when asked
what ther objections were toward
nuass producing bead ferrite magnets
Iinted raw matenal cost as the prime
ubjection.

How critical s raw material cost?
The current grade of iron ovide used
w the manofacture of hard ferrites
wihh for S015 4 peamd v catboud
lots, Irecipitated  Lurium  carbonate
sells for S00% a pound in trucklnad
Tots. Taking the standard formulation
currently used, 207 BuCO; and W
1e0,, we find that cach pourd of
primess harium ferate contains $0.12
worth of icon otide and $0.1% waorth
of batium carhonate, for a total raw
mateeial st of S0 138 per pound.
Using the satne formulation, but re-
placing the barivm cacbonate with
b0, which we are tld cumently
slls for $0.20 pee puund in commer-
dial lots, we fid the won oxide cost
e pound to be the same, or $0.12
per pound. Lead oxide per pound of
processed matenals, however, was
$0.00 pec pound, giving a total raw
material cost for lead ferrites of $0.16
pet pound. This means that raw ma-
terial oty could increase by $0.022
pet pratind of processed powdes in the
statem transition. Now one potind of
processed bard feerite poseder wall
vield 40 standand door Latch magats.
Transition to the lead {enite syvtem
would increase cach unit st by
$0.0005, hatdly o prohibitne vost for
[5% increase in magnetic quality,

s certain that none of the current
feaite mannfacturers sill make this
tranition within the near future. The
first to make the break would surely
tove his competitive standing, st feast
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for 2 e a gamlide that few nan tatal hand ferrite marlet, Le Laeld bevasese of the fow tempera- 3
ulacturers are wiibing to take a0 ths Flastic Bended Magoets: Poor quality ture cutes that the Ganpadts are sub-
lughhy eonnpeetitine field. nuaguets, b o e enengy preted ta giving 3 mechanically pre.
AMthough perniaoent. magnetion s procdiet of only 6 4 I ot et magiet at w b price although .
contaries old, practical applcationn eds They wie fabiacates) by mining gzt streagth is poes ) They e <
of poosanent magnetism are only of loghidy aeacted haed femite anaterial stdate alkaat 53 of thee total hand for-
cecent vintage, Unfortunately, the casually bad ternte sooap) with sinall e mathet.
maant nuonfadurer has ndt only amoants of theanosettang rovn, press.
bevn callad upon to male magnets, gt at 40000 pni and then cuhg the Applications
but hav alsa been expecten] to design formed compracts at Jow tempetatuse
ard i tate their apphications to his Theie chief use is i cheap battery With their tomnant snagnetization
wistomers. So one can be sure that operated moters, They exbulit no di- M three Uonwey as great ss {fomte
mw rnaterial swstes will mf be in- rtional properties, and  their chief aanets, there will wbwass be applica-
viatiggated by the Jeading magiut maa- advantage is that close tokeranees can tioty foe the atiica (ainly of magnets
wlacturess until design lunitations on
present materials dictate a transition. 3
Current Ferrite Market 3
Where Do Permanent Gollar !
Magnects Go? Category End Use Moss. Volume % of
Permancnt magnets may be clasi Prod, Safes Fererite
3 .
fud into for basic categoties. Orde < Intro. In 1963 Market
cuted: These are the premium mag- Peflection TV Yoles
nets. They fully sintesnd and of high Counputeents TNV Tranformers 1949 83530008 s 9y
aagietic stuncth=The stronpest iy
the ceramic line. Hnving a manimum Autenna Rods  Kadw Revrivers 1930 »L.500.0000 242
cucrgy product of 33310 pouss.
ocrtads, these magets fd uwe In Squate Loop Compater Switch 1932 $304x0.000 4533
temdipealers traveling wave tubes, Foeortes ated Nemary
sod beans handhing and bolding appli-
catious. Appunimatel 337 of the S talties Commuaicstions & Conpaters
hard fornte ket falls into this cate- av Cup Cores, Tutiog Shigs,
conv Fatecreh hich strencth imag- He-Freq. Taansurers, Ree 1453 SNOOKLIHKE 1289
stic s mnpracted ta these magnets by corder Heads, Mugnetostose:
foriig or poossing theu i s stiong tne Tranwducers
macoetic ficld They exhibit propestics
i ome plise vl —in the dssection of Micronave Wavezaides, Garators,
Presang of onettation Compeiactits Tvlatoes, e 1950 6000000 9
Non-Odented: Thoeswe ate the ongnal
ceramic macuets. They are fully sin- feanancut Mans
teed with only 2 mededatedy high Aagncts 1055 SLLAKKLUO
erwrny product=11 x 107 gauss-ocr- TR R IR IR T T
stads Presasd dey, without beoeft of Ferrite Magnet Market Development
@ magnetic ficld, these nagnds ex- S T R T S L S R TR S R S LR e TR e
hilit uniform magiatic progetties in v Asm;ud 3
Al ditevtiones, Thay contitute 235 of -—f‘!:_ - S okl NS
the curre ot hard fercite oot They $495% Nononeuted ba wrt intnedoced to
are used pronanly in simple holding the U0 S mealet=Energey Prod. <08 v 10
devices swch as doae latcddes, can
apeners, soren deivers, Qabilichite, te 1456 Covnuner acveptance for TV foonsing, tons, and ST.000 IXX)
They are alwr used av TV cutredction hobting Other ferite mamdadturers have cotered fappron )
mactets, and have been adupted fox ficld.
antomobite wandhicld wipee motons.
Rubber AMagacts: Fleaible magets 1957 Osientend bacinn ferrite magiet introdiced. Energes L2500 610
wsed priarily in holdig devices— Prchit=3.0 > 108, {approx.)
. mare specifically, as rebigerator dooe .
holdimg gashete Moderately stiong, 19549 Oricnted magoet accepted Uy Joud speaker inanfac- <O, (06) (XX)
having & muaeamn encrgy product of turets. Pooad aceeptable fur wparstorns and heavy
09 2 107 gaunsoenteds, they are haratling
fabricated Iy heavily Joading aditne
watural or syntheticr with fuehly re. T4 Rubber magnets introduced=Other fenite manufae $7.500.000
acted hand fermite, extruding, and then tuces entee wiented maant Beld. Oriented maguets fapprov.)
onrng at Josw temsperature. They ex- asevpted for Travehug Wave Tabxe applications and
tubit no duectional propertics, and s motor applications
their chief advastages ace Beaibility
! and case of shaping {can be cut with 15633 fact of cdbber magnets i felt, Inaeased applica STLOOO KD
Lnives, scissors, eted, which makes tan of oncnted magnets. Sivteen snajor compuanics
them an idea! naterial for device as- are nos menafa g ceramic permanent magnels,
setibly. They constitute 205 of the = s e m—— e
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cqueialle where atrenely high
fredids ane tequinest and other magoetic
neatenal paancteons are of pe cotve
quetee Even st o oaamam
wGcal temmanee of 30X gauss, the
coratne tagnet could neser appraadh
aligands curgent 12000 g To many
applications Jumes o, o is
of prave sportanee, amd wch Ladtors
o dogh conronaty, weght, oot -oand
e fato play 10 in these ap-
plications that cerammee saguets have
oade great incoads an the alla mag-
et ket in the past 4 searv on 4
stranehit subttution hasis, The fellow.
e are sone of the moge cvaneson of
these apphications

Doe Latch Mugnets: Prohably the
wsnt cotmoudn e for sintered twon-
oratded magone v Sandwiched in be-
T tetwa sl stoel plates, the enerpy
o e magnet noouascentrated along
the 1unning ed of the steed plates,
thvaiele a pap This avserbh reguires
7 prennnds of pull 1o part o fien its
Lerpeer, sl makin up e fatch
Thete were approvactels 13 nalton
of the~e tnactets <3 Lt vear The
Wt e was CO03 e magiet
O applicatiraes atling corai

szt ts Tl o the i prosople

ate.
Caa Opencr Magnets Hob! Ld of can
e e it b Deen cat anay

Aute Blinker Light «Didress Signal)
tochors

Anchors for the HRelizieus Ficurines
Aeete Dashbeards

Kitchen Magi-Boards,
Aaznetic Utenal chatchent Haldee,
Macactic Screw Denen, Magnetic
Flashlight Holders, ete.
IV Corredter Maunets,
called pun consbaon ot uvd to
wvtien t for weacontacies iz the clectron
e asserably = ditforentiating the olec-
ot trom e dons, they duedt the
clectronn to the srevn and divert the
They are swaphe bur magnets
P URITE S TER

found oa

ot Halders,

u»ﬂmuml)‘

e
1 to 2 o by 027
tro AU two to a TV set, thete were
15 uallion of these sold last vear.

theanostats The natural mevenent
o the an semsitive elenents i o sdow
that ot they were used to opetate con-
tacts ddircatly, the fow pressaes at
operang and < doviinge woald groduce
orer heating and arcing amd the ther-
tatat would ot By sffivieg a fer-
e aeikt to the moving thenno-
~crtive cloments, positive ke and

Dreak is asored.
Float Switches in Aircraflt used to in-

Aicate that Jepod an g tank s above

o bedon apresenbead fevel and there.
tn aperate signads and valves, operas
to st be tleoagh an tapervious
Canh wall

Vagnetiv Dipstick for the measure-
st of liguid inan aircraft fucl tenk

without expuosire of te Teguad Thisae
a verhioad tle dosed ot the top il
at the bott fitted wite the
Tattenny of the tand A ot cartsang 2
1o ragret slides e Hae tedue o hiall
Deativs amd the dipntak, whiche alwo
carries a nagieet attachod tooats tap,
ity made the tale. To uwasute thae
Hused, the dipatich o seleased and de.
sevtdy bl ity anaciet o bekd oppo
aite 10 that on the that The kel o
then shown By the cabibinated seale
ot thue dipntich protuding e the
Drrttam af the tank.

Fullawer Denves in Water Meters A
follower drne connts eventially ol
twa fae 1 prerimaticnt Laagiet syatems,
the dinver aud the driven, or of a
denver sstem with a st naginetic
cwmter part. Rotating follovers are
trady svuchioteans et reemalle 10073
ethownt, the follawer cleunnt fags
shighthy fiw nognal torgaes, but does
vot alip an e watcanater, the im-
pellen s ommected Lo fernite magieg
{Ta cutire svstem gy

throueh o Lt
et dowd stund thais fits 4 st o
cape which s connctod o a cenunters
thaencl o shaft Ay tle amipeller ro-
tates the naenct, the soft won cap
tedfon s, o g the conitdet
Othier Applicationn v Hoton in
Motaes for Clocky aud Priscess Titners
vty the for o dises wath £
tev i vty of poles uload petineter, as
Ralince Dampens, i Pdacized Tele-
phoae Ringers. as Brabing Magnets oa
Maotors, Urasure Magiets on Tape Res
corders, Phovograph Prch-ups,
Materialy Handlmg apphications ace
curie sty unin cnented ceragoie qaag-

tets it b quantities
Macnetic Sepazatons Lo temonang fer-
atity frem wool,

[TCTTNTULTE FTRRE YT oY
tebuccn, dang dlay, gram, fead Liguad
cemdatts, tea, coall atned quarned stooc
Plate Maguet Sepataton - For Gse an
chutes, spouts, duts, and Crmvevaon
Fulley Scepasatoes- For (rainesuots
AVutomatic Drum Sceparatoes— i (hute
1w opetations for handlng of grana-
tat and pulvensed products.

Ferrous traps in Liguid  Systems--
Thier 1o e tunes nee magnetice
area,

Flooe Sweepen - Pk -up ferrons met-
wls feen tabdes, Booes, puerkag ota,
ety

Magnetic Chucks -Surface
drill presses.,

Sheet Fanners— Far feedingg and has.
dhisge et steed from catting room to
Punch press, stampung press, ete.
Fohing Magnetvrecmenng ohjedts
trous tauks

Holding slntt plate to overhead con-
\eyors,

Cow Magnets

Plastic Bonded Magnets a3 stators,
battery operated shavers, penal sharp-

grinders,

ety towth Lishies, tov pofors
Hulehee Magoets, il wnale, refrigeras
LITT2Y

foandupesker VMagnets  High fedelity
speudery ol P omellion sald tav
Aveat for o ddollr salome of €

KN Opcnten] ferote aginds, on-
ol o feente

Teaseliog Wave Tubes as arrans in
peorrshic favuanng Ahaut $1,000 000
woeth o nnagnete sobid Lot year

Teavehng Wave Tula~ are sl in
tadar, drose contral, ssale contral,
ared e \lln:, satehite uninuni alosrs,
ratdwas cvunmitenacations amd ugnaling

Although dollar volume  sales of
bad speaber magnehs, mcasuning, in-
stranetit tugoets, and meetor magnets
wore alinent equally distnbuted, the
total seight of loudspeaker magnets
sild far evoeebod the wensht cam of
the atber twe endd proaducts. This may
Ie attabuted to the fact that measur.
e ansdrateetts ard nedors, as prrd-
s Jualt components, would require
procena gronnd anaceets. Crinding
vt machiing opcerations ate epens
sive, and wonld ol coninae be reflictad
et fara ol ptaoreasesd anit proces
for apphicatran of thas tpe.

i the avetall prcture, this can be
el of the corame e t amnt of
the lugh fidelnty speakers balt i thie
conrntry today, which represent enbh a
snall fraction of the te spealer
martket. wnilize ceramic pagnets, A
of W1t sied ovelty magiets aze of
the ceranae e, better than 507
of Al vk hundbingg aod separator
tagtets are of the (etaie thpe, a
meat all television maguets, othier than
beadspwabers, ate cerunic magiets,
Yonverver, oady o fraction of all miotor
applications  utilize

aned ittt
CULAtiKe Biagiets

Ceramic Magnet Market

B 1955, anagiet nanufacturers
were faced wath a problem on the
discinery ol ceranue wmagnets; these
requieedd plants for ponder produc
tron, prevses, and  ughtemperature
anteang futtises, This was 4 depart-
nre froem the traditional method  of
alloy wagant produdtion of melting
e elements together in one mduc-
tion futnace. To gaintabn their ann-
petitive statn howesver, mast of the
larger et producens ia the prine-
|u| wdustrial countries of the woild
ate now peedacing ceramic magnets
on a large conmumercial scale.

The wtrodudtion  of  peanancat
magnet ferates «s & mass pnnlun‘d
wedia by majoe magnet manafac.
turer v ‘UGG was the fiest major
advancemeat in peananent  magnet
aadernals tnhoalogy since the intro-
duction of ahico by the Jupanew in
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14931, and has dane such to advance industry yield of T07, this represents Future of Hard Ferrites
crranice as 4 precise sclence., an annusl taw material nput of ap-

Theoughiout the world, exdluding rosdmately 7.9 millivn pounds. A processing breakthrough has al-
the Cutnmunist bloc, there were ap- . ready been made on motor magmets.
provimately 70 magnet manufacturers Growing Market After five years of persenerence, the
in 1M Thew were made up of 14 sutomotive Industey carly this year
In Creat Britam, 10 in the United Ceramic magnets are of particular adopted ecramic magncts as statoes fa
States, 17 in Japan, 10 fn Wost Ger. fnterest to fernite mandactisers be. windshifeld wiper motors. At 023
many, 3 in Franoe and another 12 in cause, unhike their wft ferrite counter- pound of mnagnet material per motor,
the rest of Enrope, the remainder be- pait, they are not ticd to any one this will sincunt to an annual con-
ing in South America and the Com. particular product bine, sumnption of 1.1 millioa pounds of
monwcalth countries. The total quan. They are a delight o the ferrite hard ferrites.
tity of magnets produced  annually manufacturing engineer, {or unlike It s currently projected that by
was  over  40,000000 pounds,  or solt fermntes, theie propertics are nat 1970, each auto will have an addi-
roughly 20,000 tons, representing oves matkally afnted by process contami- tional 4 pounds of hard ferente incor-
S0 pullioa Individua] magnets. nants; they do not require specially porated an Hs motors o getetators

In 1963, the United States’ share cuntrolled heat treating atinospheres, {fuel pump, heater mator. gemeratos,
of the world's total permancut mag- and they can be nuntered over a broad power seats, power windows, speed-
et market was appronimately $54.. rauge of temnparatures and still exhibat omcter, and ignition svstems). This
OOO,000-$ 11,000,000, or almost 20 scorptable properties. waald amount to 22 aullion pounds
of which was in coramic magnets— For the kad industry alone thev of hard ferrite.
quite startling in view of the fact that curtenthy represent a petential annual
alloy magnets have been produced tn outlet for 1.5 million puunds of lead Coremic Engineering ladex
this countny suxe 1901, while ceramic onide. ® Row Matenals
permanent nugnets have only been Fermites wete introduced as a mass : ‘D‘:':"q
manufactured i thiy ceuntry suxe produced mnedaz an thas country an - ;_,,,.:;9
1956. 14 In 1S vears, they hLave grown e Apciication

At an averace selling price of 4200 to 462,000,000 madustry. Note that ce-
per poukl, the cuttent $11 aullon famie pesnsient et litecom: ST
tard fertite market represents an an- thas field, have alreads captused ""‘;‘7": from o povee prerented ot the
nual firashed hard ferrite mathet o T of the maket, savoad ool to 331,,.“ "x‘:’:«la‘:;\’ ,c':( ""A::‘M 2‘;:
5% mllion pounds. At the current square loup ferrtes. 1964

— - e e @
Olstrlbyted by
Repinted from Coramic Age, Morch 1943 Llead Industries Association, Ing,
Coo'qu 1948 Caramic Publcotiont, tac 2971 Medisen Avenve, New York, N. Y, 10017
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Thevwe frrnte mognet mowon, Moy
toctured by Rowme Industres, Incer.
P rated, 0% produced in the hundieds
of thoutondy per week ond cre wned
2 arythong 1rom clegtrg Tocth beuthes
to outomeobile w.ndiheld wdenn
Photo Courtevy Rowe Industres, ing )

Haved on chemnten, orvatal struc-
tere anel agintn properties, ferntes
fa clossafnd nta theee busee cate.
wones A soft fenates, (8) hard fer.
ttes, O gantets

fre ferntes, the terms Tsoft™ and
loard” reter to the relative case o
dithoudty sath which the materal o
maguetized o denagnetized The
magnetic tenninology used o desig-
nate this property e cucrcive fore
Hen Hard feasted have hich cretave
futces (17003200 gentedst, and soft
festates have los cocroave furces (0 1-
U oeatedy)

Because Bard forntes are difficult
to deagiwtize, ey are conmvidered
Permanent magimts

How They Are Made

Basie ceramiic thuigques ate e
lizexd in the syuthesis of any hard fer-
ote. For th season, petmuanent tag-
net ferer e often refetred to
weratnig WKuts

Starting with veny pute fron oude
aid the oundes or cartbonates of citler
barwon, strontium or lead (85,0,
vields the et miegoctie rsults in the
fead sesteind dn proper weicht ratios
or exanple: 2000 16,0, und 8§07
Fe, 0, to gine the fired compasition

P33 6Fe 0,0 svuutheus o camnd
vt as fodlosws. After intenate dnv -
1t the mned oudes are caloined,
ateted iyl then wet ballmitked to
a controllid partkke aze of ks than
1 omicrarn The alled material s
drieal Then follows the wet jrorpo-
vation of an oncade Tunder, a2 oo-
trollod doviez cpetation, granalatien
ated claaabicatun or screening. The
cdacifind povdens are fed to hich
spewnd presses slere they ate fonesd
wte compacts Binder iy renoved
from thes Ganpadts under cantralled
tiziee temnge ratuic progranuaing, and
they wre tied and sagnctized.

Tl aosed preafoct of this sy uthesas
v hard arad bettle, Licking lustre and
wravnh black e cckor, 1t has an ap-
parent dennaty of alewat 450 gm./cc,
aned can be aut or ground, prosidied
didtiuned touling is usedd. Althougts
band feites lack the extremely hugh
temnance magnctization of their alloy
wounterpars, thele other magactic
properties are fae superior.

Raw Materials

The hard ferrite industey has a-
dopted the banm ferte (Babe, 04)
an ity standdard petianent gagnet ma-
by system I might be putnted

By Theedore Q. Dilemianewics
Faur-Rite Produ ty Corpuration

oCeramic Permanent Magnets

ot Lumvener, that Larinm feseite per
se wall st yaeld the hugch gaadity mage
ety carrently ahettised by most
nunufscturen tn order to schinae ad-
rvertiead values oA 1O gauss.
ovtated peak e paedodt, wll iman-
alactuzens dope thea nuatenials with
at hoast 1.3 P Witlnat thas dup-
g additean poal energy products
Wodh] avaraze owat @t the foner fioure
of alent OS C TF gaass-onnated

Of the th actine hard ferrite mean
wfactite iy, there by oz, emgh small,
that dees masfacture a prae kead
fotnte maget. Thaow lead nagnats
ate antlossed to the fired fonnula
POt e O frem the virgin matetiale
0 ri by st tand Fe,0, (80T
by vt o Ohver the past 3 years, these
momariented kead fertite magnets bave
autbate therr congutiton’ magndts
whete magntic, as well ws plivaical,
aaahty was evmcemed.

Lcad Ferrites Yersus Barivm
Ferrites

The lLittle raecarch amduwcted on
bead leeates e this country bus been
au the fawee cocren pradinet seatenat
the non-otlented  magnt, Re-
scarcliers ot aircraft and radio cot-

ey

Py

3
v




