I;D " PERVANENT MAGNET AND NETHOD OF MAKI NG TEE SAME" -HREP§¥3E35“IA
1\ es to permanent magnets and to nethods of making the same. According

e aspect of the present invention there is 5 provi ded a' per manent
nagnet made froma powdered all oy conposed of samarium cobalt, copper,
iron and any one or nore of zirconium titanium hafnium tantalun1 nloblum
and vanadi um and forned predoninantly of [err] crystals with a '
predom nantly col ummar nacrosﬁructure Preferably the C

per nanent magnegt conpri ses 21%'t 0 28@6by t of sanarlun1 3% to 10% by
wei ght of coppeFEREQB?anﬁgﬁyb FPgﬁN ESME't 0 5% by wei ght of
any one or nore_of zirconium _titanium ha tantal gh ni obi um and

g

vanadi um the B‘&F‘ﬁn’cfé"eb’ér"ﬂ‘b TedB5FE t°l§emane“t magn to anot her

aspect of %g n¥ ntion there is provided a nethod of making a
per manenf® ‘aﬁpf a%a *B6ve conprising the steps of subjectlng t he

alloy to a heatA FLT ‘?.t el or ggléat |fct§é lp?:%ser?{ d%%&gm J1g.a magnet I C

powder from thé 9 53+ F oy Favi I'Ng "an average partl e Size of 20

nol; more Q@zﬂieﬂieé )ée'mm:éltng?é#& g@lﬁgf%og: g L ‘EEHXH ta'il ung Sée ged

conpactlﬁg ure hap€ e I nfl uence

of a mg@sﬁaﬁxﬁ ehs‘baﬂéﬂec@m@r i08Y £H8 Ay YndabE GokeSe zq&c&,irﬁt al or netal
al | oy. he i'nvention is illustrated, nerely by way of

exanplez thﬂanlum, hafnium, tantalum, nicbium and vanadium and formed
‘ predominantly of Sm2Co17 crystals with a predoginantly cclumnar
macrost;ucture. |

10 Preferably the'permanenﬁ magnet comprises 21% to 28% by
weight of samarium, 3% to 10% by weight of copper, 14% to 35%
by weight of iron and 0.5% to 5% by weight of any one or more -
of zirconium, titanium, hafnium, tantalum, nicbium and vanadium,
the balance being cobalt.

15 According to another aspect of the present invention there
is provided a method o£ making a permanent magnet as recited
above comprising the steps of subjecfing the'ailoy to a heat
treatment for magnetic alloy hardening, forming a magnétic powder
from the heat treated alloy having én average particle size of

20 not more than 50um, mixing the magnetic powder with a binder,
and compacting the mixture so formed into a desired shape under
the influence of a magnetic field.

The binder may be an organic resin or a metal or metal

alloy.

25 The invention is illustrated, merely by way of example, in



1 o, 1 .

.- 2_- the acconpanying drawi ngs, in which:- Figure 1 illustrates, in It
-crgss-section, the macrostructure of an alloy ingot for the purpose of

.expl ai ni ng_the present invention 5 Figure 2 is a flow di agram

i llustratiyng a nethod of making a permanent magnet according to the present
‘invention; yFigure 3 illustrates a nould for producing a permanent nagnet
-according to the present inventions igure 4 illustrates, in cross-section,

‘the macrostructure 10 of an alloy ingot produced by a conventi onal

inmethod. Figure 5 illustrates in cross-section, the nmacrostructure of an

ial l oy ingot prodtieedcéympanytid dtawdigysl, dimghiich{-he present invention Figure

6 shows test pieces cut fromthe alloy ingot of 15 Figure 5 Figure 7
“illustrates graphical |5diguire hrigliustmatesppior cress-sectinn,t tie mprresigucture

:Figure 6; Figure 8 illustrates another formof nould for use with a nethod
‘according to theohHreasakkoy dngoh fon;theQpurpose of explaiping the presantates, in
:Ccross-section, the macrostructure of an alloy ingot produced by the nmethod
-described in Exalfyestdomi gure 10 illustrates, graphically, the nmagnetic
properties_of a permanent magnet nmade from the alloy ingot of Fiqure 9;

. Fisgure 11 Pl ustrates THERi Ed8 § 10w Abagrepohish=dinged reshod of wak

: . . :
; magnet | sat| Qn a”}} pweq‘t(.);agn teraggor}:%g;xg n;%g%é pr;r:'aeggné ri(x)xwentions

~
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~ Figure 3 illustrates a mould for producing a permanent
magnet accordin§ to the present inventién; '
Figure 4 illustrates,. in éross-section, the macroétructuré

' 10 . of an ailoy ingot produced by a conventional method.

- Figixre 5 illustrates in cross-section, the macrostructure
of an alloy ingot produéed by a method according to the present
invention;

Fi?ure 6 shows test pieces cut from the ailoy ingot of

15 | 'Fiéure 5; |

Figure 7 _:l.llu’strﬁtés graphically the magnetic properties
of the éést pieces of Figure 6';. | |
Figure 8 illustrates another form of mould for use witﬁ a

method according to the present invention;

»

20 Figure 9 illustrates, in cross-section, the macrostructure
of an alloy ingot produced by the method described in Example 7;
f'igure 10 illustrates, graphically, the magnetic properties
of a permanent 'mé.gnet made from the alloy ingot of Figure 9;
Figure 11 illustrates graphically the relationship between

25 - saturated magxietisation and ageing of a permanent magnet made from



-\ alloy ingot of Figure 9 and Figure 12 illustrates two further noul ts
produci ng permanent nmagnets i'n accordance with the present invention.
%serally, when nolten nmetal is poured froma crucible 5 into a noul d,

solidification of the netal progresses inwardly fromthe wall of the noul d.
™ s phenonenon i s accounted, for by postulating that the enbryo in contact
with the nould wall has a Snall er energy barrier to becone the nucleus of a
crystal than the enbryo migrating within the nolten netal. The crystals =

f or med t uld,wal | _.continue to grow into the nolten netal
vhi | e cé?r%%f-iiﬁggt\:/viotqﬁgﬁgeaaf afB crystals. The region A shown in Figure 1

I's the outer r || i he crystals are conpeting
wi th each ot gri oeaérso{'/vﬁglrslgp?%ss% %gﬁeerd ﬁjé&c%f’flper(?&?%% or zone. Each
cryst al bt Oulfultl s aceliBhel Withbh phladheliiGhisgn, paral el to that

of the ﬁeat gradi ent. crystals that gréw parallel to the heat gradient

tend to prevegendf1§) UMeR wd1tehVidtdliS1é bolbéd FroinS a}a&jﬁﬂeﬁr allel to the

heat gradient. The crystals grow towards the centre of t nmoul d and t hose
cisyst al Intd1@S fodlid,cebl i fdbation b the HStsl LoJIesEes iinglraly With the
direction of the heat gradient are allowed to survive |onger to the

det r i nefromfthet ekl of yitieamSuRN t s phenduenibrrisdhceduntedl foxgbgdual |y
decreases. As a result, a columar zone B is formed. Wen the conditions

-~ are favpestillagiog dhat othes enbryco inntatact ndsh e meld vglEazls ot her from .
opposite sides of the nould 25 eventual ly collide bringing the o

sol i di f acemdldar génexy bayrien tecbe¢ome the nucleus of a crystal than .

the embryo migrating within the molten métal. The crystals formed.

10 on the mould wall continue to grow into the molten metal while |
competing with the adjgcent crystals. The region A shown in
Figure 1 is the outermost layer of an ailoyiingot, where_the
crys;als are competing with each éther to grow and this is called
ihe_chi;led laye: or zone. -Each crystal tends fo_grow.

15 preferentially in a direction parallel to that of the heat gradieht. : é
The c:ystais that grow parallel to the heat gradient tend to
prevent the growth of crystals in direcfions not parallel to the
heat gradient. The crystals grow towards the centre of.the mbuld
and those érystals whose direction of growth is more coincideﬁt

20 with the di;gctiqn of the heatlgradienﬁ are al;owed ta survive
longer to the detr#mgnt of otﬁgr.crygtals so that the number of - -
crystais graéﬁal;y.degrgases. As a rgsglté a cqlumnar zone B
is formed. When fhgléqnditions are favourable the fronts of
columnaxr zopes_ggproach;pgﬂeach_othe: from opposite sides of thé mould

25 eventually qqll;de.b:inging;fhe solidification of the molten metal




- - 4'- to'conpletion. Generally, however, an equi.axed structure zone
Is forrnmed inside the columar zone as shown in Figure 1. The cause for t eg/6
formatton of thits equiaxed structure zone was not understood until '
recefntly. It has now been suggested that 5 crys_t_al s formed at the
nmould wall or the cool ed boundary surface of the nolten netal |iberate
thensel ves to becone floating crystalss_in the nolten netal and -these

ystals give rise to the equi axed structure zone. (A Chno, T. Mdtegi, and
H Soda: Trans. 1SIJ, 11 (1971) 18). 10 A permanent magnet

according to thg pbRSTdH:ohV-tnkfan 1y5 AOwsvel), il @qhiaseeaekeriitural dcag ¢
consisting of samarium (Sm), cobalt (Co), copper (Cu), iron (Fe) and any

one or nore of #d Feenidiincidg thiei é6Minnay (zbnk, ad afhbim Mx( Higurd ant al um (Ta),
ni obi um (Nb). and vanadium (V) and is a so-called precipitation-hardened
magnet 15 (rhea cplises fos et LbrmativagoLithis Tepsiaked ecacteret keneragnet i ¢
hardening is caused by precipitation of a second phase in the matrix. At
present, roughinct wodemsitioodsuntiid vecenitipl e Itohas mowphesdustggnsted Watmer ci al
t wo- phase separation nagnets. One such 20 method is the sintering

mat hod. Fhe si m#ﬁh@ ferppdcati theoresldmealdr emﬂ'teom@‘eﬁdt pewndaxypunfgce he
process of sintering by |iquid- phase or solid-phase atom c diffusion.
Magnetic parti c'?fes‘:hﬁe%ﬁz]tﬁﬁpn'ge'a}n&%ﬁm themsphven satbeqope1Binating supsrsls by
sismtering and recr stalllzatlon for exanple. The sintering nethod, 25
therefore, has ¥ dhe BRI BREalnaRd iYhese rﬁﬁﬁséﬁ’cs ariygt’ailsesF? tH‘FuF@‘ia"ed

structure zone. (A.Ohno, T. Motegi, apd H, Soda: Trans. ISIJ, 11
(1971) 18). | |
1o A permanent magnet a;cording to the present invention is |
made from a five—element-alloy'consisting of'samarium_me)) cobalt
(Co) , copper (Cu), iron (Fg) and any one or more of'ziféonium
(2r), titanium (Ti), hafnium (Hf), tantalum (Ta), niobium (Nb)
and.vanadium (V) and is a so-called precipitation—hardéned'hégnet
15 or a phase-separation magnet. This is because the ﬁagnétic'.
hardening is caused'by.§recipitétion of a second phase in the
matrix. - | -
At-present; roughly two methods are available for the °
& production of commercial two-phase separation magnets. One'such
20 method is the sintering method. The sintering method_indﬁces.the
grbwth 6f.partic1es during the process of sinteripg.by iiqﬁid- T
phase Sr solid-phase atomic diffusion.'.Méghétic'particlés |
measuring 2um to 3uﬁ attain growth ﬁo'IOum to $Oum by sintering
and recrystallizaﬁion, for example. The sintering méfhod,

25 therefore, has a disadvant#ge that the inherent crystal structure
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the original alloy ingot cannot be retained and the conposition changes.

png t he conponent elenents, the anount of rare earth netal samariumis

gduced because of oxidation and vaporization. Producing a nmagnet fromthe

opti mum al | oy conposition does not 5 produce the prescribed magnetic
properties w thout conpensatimy for the | oss of samarium Further, the

- magnetic properties tend to vary considerably frombatch to batch and

wi t hin bat ches., The ot her, net hod for prodycing t wo- phase separation - -
Tagnetoh ENGSEYSHIEL RULPH SOBRT SHRUEHERORSVIERS S04 B FOBRRAIALON et al - bound>
10 net is obtg%ned bé SQa'gctiQ qg§9llo i ngot__to a_ thermal :
treat fEWE 9% ABGIRTE TRAPGRH beﬁi’l ertsi AT te®ali%y ¢ to produce a
magnetd e POl s R ld DLAGER%dd1Ge 0 WHBL M8y HACSLILAL RES Dinder. A
pernanen? nmagnet 1 n accordance Wth the present i nvenfion 1s manufactured
by su 85l eENedoh bhd UkiAlPdi By dmposiledSn fdRW gheagr am shown in
Fi gur?}: ._u ni s_gkgg&%g?hfiﬂleavﬁy affect%%l bﬁlllp?she c?isto structure unlike the
agnets QRbad ad Mesbioed Bhidtle ies Witk B&RRnssEHIt ai ned that when
an al l'oy conposed of samarium cobalt, copper, iron and any ope or nore of
Zi I CONgg¥Mehd 116881 d¥Ns alidfiRinl M Fur@RéR) WAt MiAbtidnpRbpertagadidad 1S cast, its
20 macrostructure can be divided into three fractions, the first
COr I e YO Ry Gohoi durab iyl fvR baichUtd aech tdnd sRfhandba&xheesponding to a .
columar crystal zone and the -third corresponding to a chilled crystal 3
- zone. A peThenptindr netinel fondercBncing betWwa-gbasd separaidonmegnetryst al s
-excel s permanent magnets nmade fromthe other fractions i-n 25 al
magnetiisc uped dor thee present invention where a resin-bound or metal-bound

10 magﬁet'is cobtained by_subjectihg an alloy ingot to a thermal
tréatment.for magnetic haidening, pulverising the'allcy ingot to
produée a magnetic powder, and bindinlg. the pwder with a resin ox '
'mfe'tal binder. A bernianent m:a_gnet. in accordance with the present
inventien is manufactured byg sucﬁ a method which is illﬁstraﬁed bj

15 the flcw diagram shown in Figure 2.. This magnet is heavily affected
15y i;he cast structure unlike the magnet obtained by' tﬁe sintéring'
method. It has been ascertained that when an alloy composed of 1.

sa.marium, cobalt, Icopper, iren and any one or more of ziiconium,' '

titariiﬁm, hafnium, tan'talum, .niobiﬁm and vanadium is cast, its.

20 maérosﬁruéture. can be divided into three fractions, the 'first s

corresponding to -'an,-equiaxed' :structnre', the second corre'spondi_ng to

a columnar crystal zéne and the .third corresponding to a chilled '
crystal zone. A permanent magnet made from the fraction of colummar
crystals excels permanent magnets made from the other fractions in

25  all magnetic properties
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- 6- |nclud|ng saturation nagnetlsatlon [err], coercive force (iHc, bkb) and (::
'squar eness of hysteresis |loop. Since an aIon of columar crystals has the _.-
crystals arranged in a given direction, a permanent nagnet made of this 5
al | oy-'enj oys good nonoaxi al orientation of crystals. : Because the
production of a permanent magnet according to the present invention
utilises the original crystalline striueture of the ingot per se unlike the ~—
co‘ ventional nethod, the cast structure of the ingot nust be consi dered.
her an all oy for a per manent magnet in 10 accordance - with the
present i nvent i okndpding sathyatiesr megnetisatieen (484F) oysosreiverfoFeeuct ur al
honpgeneity than that produced by any other method, probably because the
alloy is conposetiBS BB ARAtgeaEness GfnaystergsinileoPConsequent |y, t he
all oy al so exhibits better squareness of hysteresis |oop. Mreover, the
crystalline 15~ st s 87 fMHdo¥oPf |°§E|P%’H’0ﬁr¥5’ftatlﬁeh?ﬁ* é‘BFp‘ﬁyéFFb?ls are
| nproved to contri bute_towards englnC|ng the coercive force % re than
an al | oy conposeiF’:ﬁFgﬁ%rﬁ%én?’rV“o SRR e P EFYRINGNE m?‘-ﬂ‘e&r ain a .
per manent ghet pod nmagnetic perties,.therefor '
Pa adopt e neth %ﬂ@? S B Ao IR T R 5 2 ST 1%asee'ﬁa5%)eh§
alloy. in such a nan . 1ha he chill.ed cry, stal
ﬁ or} gtf glq Yianent ma gnc o%é%.r;xgh{:(? | E % g :‘?hv%naic%:}_le

nei ghbour hood of ¥ conpri se olfGrmar aI S an

oteher part Co”prﬁéeiisgé"éﬁ%”% CO?L%P?&'{A&Q u%[%%f }él& ﬁ?&o‘t:o%? Plset e

al oy ingot, the proportion o [ur crystals can eased by
properly determ gingeVald QavaAidhhi HEEndH ¢ tndScast structure of the ingot .

mast be considered. Furtger an alloy for a permanent magnet in
10 aecordapce with the present invention produced by thermal treafment
enjoys better structﬁral homogeneity than that produced by any
other method, probably because the alioy is composed predominently
of colemnar crystals. Consequently, the_alloy also exhibits .
better séuareness of h#steresis 1oop.- Moreover, the crystalLine :
is5 structure and configuration of the precipitations are improved
te contribute towards enhanciné the coercive force (iHc) moxe
than_an alloy compesed predominantly of equiaxed crystals.
In order to obtain a permaﬁent magnet with good maénetic
' properties, thetefore,.it,is important to adopt a method of
20 manufacture which is capable of qasting the al;oy in suqh é_:
manner thaﬁ the chilled céyseal zone in the immediate neighbeurhobd
_hof the mould well comprises“columnar chil;ed.qrystals and the .
other part comprises columnar crystals. During'the crystallisation
of the alloy ingot, the proportion of columnar crystals can be

25 | increased by properly determining various conditions such as



teyperature of the nolten nmetal before casting, manner of casting, cooling
YABje of cast nolten nmetal, and speed of solidification It is desirable that
Last alloy ingot contains columar crystals in a proportion of not |ess
ﬁﬂan 30% by volune. This proportion preferably exceeds 50% by vol urre and
e¥en nore preferably is greater than 70% by volune. In an alloy conposition
of a pernmanent magnet accordﬂng to the present invention, the content of
samariumis in the range of 21 to 28% by weight. If the samarium content i g«-

| than 21%b i qht . the al | i t wt h of -co, 10 h i
o5, | "By 12 oLl B REAAL CRpELE BBl F RS, PO
|l oop- i s d d th cive f.0i i Hc) i Ly -d ded. If th
s | (FACARBCRAeaRE SARE SEFeR Mehant| fia bpekd Qe BHUAIEIGepR OO PP, L0
whi ch deyi.at the, e i h ' tisati
PorrT (Y GRed Rl e £1ddetPURRY LM 3800 CoriBhill Yy BERIPINCL | ST 01

51 ©UL gk B XGRACAHbE V1l Blin 5By (I S614uib POl pilGRikn aCCEl o7l [ on

of the rdeni'ng of the precipitate. 1f "the copper cohtent exceeds 10% by
Wei ght , pRONRYBTy elkBEedi 504 | K vbiind TRAA CdveRthd:t pkefdrab®p sl he squareness of
the 20 hysteresis | oop are inpaired. Thus, the upper Iimt for the .
copper geadtent thdn Fo¥ Y @61uie% Il@ani ATMOYOEEHEUsREid RECH rhadrdte I N [err]
crystals, inproves the saturation nagnetisation and lends itself to .
| NCr easnapheith&cawrdiny o ehelgireséht tiheention, ctid enhtentcofdamdbdaby wei gHit, . ¢.
25 however, the [err] crystals can no |longer be. retained and the 8

is in the range of 21 to 28% by weight. If the samarium content

:l.s_ less than 21% by weight, the alloy permits growth of a Fe-Co

2
. of the hysteresis loop is degraded and the coercive force (iHc) is

10 phase in addition to a Sm 0017 phase. Consequently, the squareness

ext:eﬁely degraded. if the sama.rimg content exceeds 28% by wei__ght,
then' the éfoportion of SIIICOS p_hase which _deviates from the -
Sm2Col7 p\hase iﬁéreaées, the saturation magnetisatiocn (4nIs)
15 decreases, and the energy product declines.
o 'J;he copper content is required to exceed 3% by weight in
order to permit desired acceleration of the hardening of the
precipitate. If the copper content exceeds 10% by weigﬁt, however,
. the sa_turisation magnetisation (4nIs) and the squareness of the
20 hysteresis loop are impaired. _ Thus, the upper' limit for the
cop#er content is fixed at 10%. c _ o : _ w
The iron occupies the cobalt site in Sm,Co, ., crystals, - .
_improves the saturation magn_etiatio_n and lends itself to increasing

the energy product, If the iron content exceeds 35% by weight,

25 however, the Sm2CO1.) crystals can no longer be retained and the

R T



coercive force (iHc) is inpaired. Thus the iron content has an upper lim @
of 35% by weight. In the case where the content of elenent M which stands$

for ¢any- one or .nore of zirconium titanium hafnium tantalum niobiumb5 '
or varadi um exceeds 5% by wei ght, the saturisation nmagnetisation is

extrenely degraded. If the content ofgthe element Mis |less than 0.5% by
weight, the alloy fails to acquire the m ni mum 4000 Ce of coercive force

i.-ndi spensabl e to a pernanent nmagnet. The el enent M when incorporated in the

alYoy, is expected to disper ni,formy_ 1 u teohb&nt2hbh®Yard NgOL
to inprove the FeRIRIP f‘i’fg’epﬁg%‘f%p#a{?%ﬁﬁ brg‘%%gh%hgpﬁxgt I on of na}trogen'
.and nmake other contribufio i.th t range of fromO0.5 to 5% by wei ght,
- the elenent M nﬁ%"?fe]'?ﬂ% r°32$)?3¥veb f"ﬁpfkhte' formof ‘a sole elenent or in the

formof a conbination,of eut b dNBeh@tM,CUnias @Lahdie £60
addition of the el eneff ﬁ%%sag%ﬁggégrrgegr%ﬁgtter effegt in the inprovenent

of magnetic propey (s of WA B¢ 413-cbifiu?d Ui bdDiin naEntiipl caneh RIRNhi b
remai nder of the al9 Oy conposition 1s accounted for by cobalt. The

| mpuritieg whi CgriJ%?Qdkaglé&d%Q8§F5ﬂ'3§owéﬂaﬁtaliﬂayséfﬂﬁﬂsgeion mabﬁ!tﬂsauion
u

mat eri al s"used and ring the manufacture of the alloy desirably should not
account for a p;apPQkll.AR1PiadiRhged Nams OcreYcbytani ghithel Bbenenpot tiEntepdi nt s

whi ch. govern the nmagnetic properties of an alloy for. a pernmanent- magnet in

agcordance W th¢hig dUseSBpiwelaht, theNMEldy Gaikd tter athidrst e oinimum 4000 Oe.

pul veri sation are enunerated bel ow - 9 - S : ,

: of coercive force indispensable to a.permanent magnet. The element
M,when incorporafed in the alloy, is expected to disperse uniformly

10 throﬁghouf the alloy ingot to improve the form of the precipitate
and promote the fixation of nitrogen and make other contributions.
With the range of from 0.5 to 5% by weight, the element M may be
'incorporated in the foim of a sole element or in ghe form.of a
combinati§ﬁ ;f two or more elements. In the latter case, the

15 addition of the element M has the game'or better effect in the
improvement of magneti; properties compared to the addition of
a ‘single element. The remainde¥ of ﬁhe alloy composition is
accounted foi by cobalt.

The impurities which inevitably creep into the alloy from

20 | the raw materials used and during the manufacture of the alloy

“-"A

desirably should not account'fqr a proportion of more than 0.5%
by weight. |

The' important points which govern the magnetic properties
of an alloy for.a permanenf magnet in accordance with the present '

25 invention after the step of pulverisation are enumerated below:



The magnetic powder is produced by using a suitable machine such’ as,

exanple, a jet mll, a ball mll, a hamrer crusher or a top mll, wth
xth possible efforts bei ng rmade for prevent| ng oxi di zation during
P Iverlsatlon It is desirable 5 that the magneti c powder has an

. average particle size of not9more than [err] Preferably, this average

, partlcle size-falls in the range of from10 to [err] The particle size
“distribution.is such that the largest particle dianmeter is not nore than .~
[err] Odhkrwi She nagaebic powder da prPauRed fgMeing af paiteble i npaired 10 |
and the residual negnetic flux density BiBr) exerts a bad influence. Al so,-

t he di emackkner guch @8s sfox) exMPLSovR clett BLilyr M Pt Eéﬂmﬁe?’f%gnet is
heavily worn so that the nagnet y no% fﬁga ed accuratel (2) As
concer n§"?ﬂ€‘b?ﬁo’er‘°9e‘l”tlﬂer %Gggeﬁﬂsé prig bging made for | can pe
d. Ex bi h b d I | ud
t hor nopPRETRELER PAtERtGe, pitgs, pelvrEtetiiteas %*pia TR VA ot hyl onc
I t t hi
56" ancBeE e 'a%#m% B%Mm“%gﬁiéﬁ il ﬁa;%%ﬁc ¢ eF&?Ec@Hﬁt‘Pngr?E? the |

20 b BahOsdlRk £0Q50PY U] W ?:a ?fy ant nmixture
I s noul ded or. conpacte into a given s ape gnetlc el d and :
t her mal lefe SQlrigd! 64 Gom ! fo £BS20n1 IO md i,aetmfeakiz@aaetﬁmeio@&hoy having a

mel ting point "of not nore than [err] Should be used. The netal binder 25

i's mxemt&ath&émamsame QandREE 10 nbe ddie el a6GRf - 10 -

Otherwise, the orientation in the magnetic field is impaired

10 ' and the residual magnetic £lux density (Br) exerts a bad influence.
Also, the die used for pressing the powder to form the permanent
'magnet is heavily worn so that the magnet may not be shaped
accurately.

. (2) . As ‘concerns the binder, either an organic polymer or a

15 metal. can be used. Examples of organic binders which can be used
. advantageously include thermoplastic and thermosetting resins
such as epoxy resins, EVA (ethylene vinyl acetate) ’ rubber,
polyesters and nylon. Resin in an amount roughly in the range

, of 1.0 to 15% by weight, the magnetic powder accounting for the _
20 balance to make up lod% by weight, are mixed. 'rhe resultant ‘ ¥

mix‘l:ure is moulded or compacted into a given shape in a magnetic

B IF: .

field and thermally solidified.
If the binder is a metal, a metal or alloy having a melting
point of ‘not more than 400°C should be used. 'I'he metal binder

25 is mixed with the magnetic powder or applied to the surface of



the particl es of the magnetic powder by plating. Metals which can be used@
“advantageously include zinc (melting point 419.5[err]C)j, cadium (nelting '
poi nt~ 320. 90C) , - i ndi um (nelting point 156.6[err], tin (melting point

231.9C), lead (nelting poin 327.3[err]) and 5 - bi-smuth (nmel ting point

271 C). -Their alloys may al so be used. The plating of the metal binder to

the surface of the particles of thelf@agnetic powder is acconplished by a

non-el ectrol ytic nickel plating or vacuum deposition technique, such as a

sptrt’t ering technique, ion plating technique, CVD technique or PVD

techni que. 10 the particlegpf; Kae Frgsehic PAYSSH PUnPloﬁqugbe Mdé%’fﬁ whéeh i n

.detail belowwith reference.to the foll ow.n E 1 Ingan

at mosphere of arg8nbe PsRg ?ﬁ"a&ﬁa%ﬁquﬂyc’cﬂ?ﬁﬂg? tﬁib"ﬁ é"?ﬁ%ﬁ-% |3‘?én5f41?355@% by
Ton, 1.9% by wSFGHES dResHRPLY 2 §f%&°3a| L s 7 gt B e 10096
P A R e i Bl S RS gné%e?“ ) g elted
Tan T ana 5 Ca}tsifm&h”qkhfdiﬂ?ef’oyﬁlq #50. %éﬁnsgf%gs f rat her Qel &

[grr] and the c I Ng spee second e
casting. The cgg| e | .d G ade
S15C, and consi stedg%t%ngt‘p% ‘%L'dm ésgilb{ggdé 1I-Qeference a(r%%ngfr aﬁgééﬂi fc')égsure 3

2% denot es %Eetﬂ&&}abﬁ&id“ piha&h iEhEc&meﬂ’sﬁ’é%Sbfaa%on—éirécw&fytic o

measuring 35 nm X 35 mMm'X mm was pr oduced
nickel plating or vacuum deposition technique, such as a sputtering

technique, ion plating technique, CVD technique or PVD" technique.
.10 | Now the present invention will be described in detail
below with reference to the following Examples.-
EXAMPl.E 1
In an atmosphere of argon, 1 kg of an alloy composition
_consisting of 23.54% by weight of samarium, 5. 78% by weight of
15 copper, 21.77% by weight of iron, 1.9% by weight of zirconium
and a balance of cobalt to make.up'loo% by weight and represented
by the constitutional formula.
Sm (€. 614%%.077%0.3%%0. 016)8 3 _
was melted and cast in a mould illustrated in Figure 3.

20 - ' First a conventional casting method was used, the molten

o

metal temperature being 1460 C and the casting speed being |
'l kg/10 seconds to suit rather slow casting. The cooling was by
air. The mould was made of a material of Grade 515c, and
consisted of matched dies 1, 2. Reference numeral 3 in Figure'3

25 denotes the portion in which the alloy was cast. An ingot



is conventional nethod, the nould being indicated by the reference

neral 4. In Figure 4 there is shown a col urmar crystal zone B and an
‘equi axed crystal zone C. The equi axed crystal zone C accounted for ‘60 to
'fO% by vol ume and the col ummaxl erystal zone B for a fairly small
proportion. In the method of neking a permanent nmagnet according to the
present invention the alloy conposition referred to above was 10 mel tedQ—
Wi th hinghsuriagudhap 8ndd gp X rBhmmaamPEed¥cedef argon and the nolten alloy *
cast in the sane mould shown in Figure 3. The nolten netal tenperature -
during casti F4ovEs 4 4813 c&'ﬁﬂsﬁ?étﬁ%ﬂfnﬁh%ﬂ’éﬁﬁmcﬁmmf% 5 seconds/ kg.

- Thus the al | o WhICh had a nel ting point of rr vvas cast at a nolten

et al {red; byoehls cemventl Bethody, t’?el’rﬁgpoi nt .
Conse nmount of solidif] cat cI e 0SS roduced after
i nt rog:ieai%% ng’(ffg‘en%? RGP |‘5"9‘°1'= tqhelfl’blf xS, gﬁ I ;nd t he

@gure 4 is a cross-section of the macrostructure -of the ingot obt ai ned by -

owt h of col urmar stal s P ted. .The aI I o h obt ai ned was

en sﬁb %% sl%gyzﬁme _Bpr %rggsse%%?x%% |gu éz i sti ng of the
.St eps. e&;llf 4 "ESte cpHJ:éé%'n: téo‘}”sé Oc.of 64;“ YEARR! ha RAWET :
i ncor pora |on a bl nd Into t magnet1 ¢ powder; conpression of the
m xtur%o%meggelpgw aaﬁ&ta' ?Qf:.rl Bnd1 TRPBHGoh | €] 0 compression,
nmoul di ng, curing; B-H neasurenent to té&st nagnetic properties. 25 s

~ For the ther gl u&é%maatoﬂaamgwop&maﬁewaa?u@xc&mhgwtuéed -12-

A central portion in the length direction of the alloy I ngot S

present invention the alloy composition referrxed to above was _

ld melted .with high-frequency energy in an atmosphere of argon and the
molten alloy cast in the same mould shown in Figure 3. The molten .
metal temperamre during casting was 1580°C and .the casting speed
was: ahrout 3to5 seconds/kg. !.‘bus the alloy which had a melting
point of 1260 C was cast at e molten metal temperature 320 Cox

15 higher than the melting point. Consequently, the amount of
solidiﬁ.ca.tion nuclei possibly produced after introduction of the
molten alloy in the mould can be decreased and the growth of
columnar crystals promoted.

'I'he alloy ingot thus obtained was then subjected to the

20 | process set out in Figure 2. conisti_ng of the steps: thexmal - 4

treai:nents pulverisation to form a magnetic power; incorporation : |
| .o:E a binder into the ma.gnetic powder: compression of the mixture

of magnetic power a.nd binder in a magnetic field; ccmpression

moulding; curing; and B-H measurement to test magnetic properties.

25  For the thermal treatment step, 200 g of the alloy ingot was used.




was heated at [err] for 20 hours and then cool ed to. normal roomtenperature

at @rate of [err] &to 25 Cmnute. Subsequently, in‘an argon atnosphere,

the‘_i"ngot/-was Reated at [err] for 24 5 hours and then quenched at a

rate of I\SC'to [err]/mnute. Figure 5 shows the macrostructure of the alloy -

i ngot profluced by this nethod. After, _nagnetic-curing, .the ingot was cut in

i.nterval s of 4 nm nmeasured from_th"é]ﬁo'md wall 4 as illustrated in Figure 6

: 1‘(9\{ to produce test pieces. The test pieces were serially nunbered 5, 6,

- 7,78 fromthe noyl d |] towards_ the centre of the if . Thus jhe test

piece 8 fell at 'hceen%%#t P«?rg?""t ?lﬁ.'g}eogg- th fixee f’“t‘?rg%ﬁ?l °¥n£"ﬂ°.t Each

test piece was p Ll L.C vi,ng an_average particle

size of 12[err] %%%gsﬁi%jfgﬁﬁfg%%hezﬁ\éﬁ% iag‘ép%hv%‘ef:“mg%de%o%ooz%\ﬂit h 1.9%

by weight of a opgsm falatelata p ' ; £SS '

magnetic field. The Strengtgﬁgeo?ﬁﬁeﬁ%ggynfe?mé%ce Sdcwa‘ S %g't OE%_A%Q%I&'% he

maxi mum 2 conpr egsiagn S r hOR ced a

cylindrical. test%iﬁcﬂ?ﬁ%ﬁ%&mﬁﬁgﬁggs Mgﬁ#%nﬁb gofyrog#h_e o

test pieceswas Chgudd ata then Gubfthed U SatBtos 16°6-¢d euPa/miBesured on a .

QC sel f-recording magnetic flux nmeter. The magnetic properties thus ,

determ ned are shown griRjule C5iishyws thel gadr@strudtirk Ner €8k a3y Lyee and the

equi axed structure zone, the magnetic properties were found to be clearly

& fferent from epiducedidry. tREs metld®s synbol "M x" indicated in Figure 7 <

represents data which was - - 13 - T o :
' After magnetic curing, the ingot was cut in intervals of

3%

4 mm measured from the mould. wall 4 as illustrated in Figure. 6: '
1o to produce test pieces. Thé test pieces were serially numbered
5 , 6, 7, 8 from the mould wall towards the centre of the ingot. -
Thus the test piece 8 fell at the centre of the. crossi-sectio:.xl of
the alloy ingot. Each t-:et piece wa;s pulverised to a magnetic |
pdwder.. having an -averagé particie size of 12um. In a morta:;.',
15 lthe magn;t.{c powder was mixed with 1.9% by weight of a one-
component type epoxy binder and compressed in a .mﬁgnetic 'field..
The strength of the magnetic field“was 15 to 18 KG and the maximum
compression pressure was 5 t,bns/cmz.. The campression prbduce'd"
a cylind:iéa.l' tesﬁ piece 15 mm in diametér and 5t mm in length.

20 The test plece was cured at 150°C for 3 hours and the B-H curve

s

' '.me;as__'ured on a DC sélf-recording lﬁlagnetic flux méte-'z:I. The ﬁ_aghetic
properties thus determined are shown 'g:lraphical-lylih' Figure-' 7. o
In the. cblmhnar zone and the équiaxed strucil:ﬁre. zoﬁé, the magnef.ic
properties were found to be cleari.y different from each othef:.

25 The symbol "Mix" indicated in Figure 7 represents data which was




ai ned froma test piece prepared by pul verising-the remaining half of

I ngot of Figure 6 and treating the resultant powder in the sane
tedure as that described above. The portion of columar zone' accounted
o 20 to 30% by wei ght of the whole ingot 5 obtai ned by the ~
conventional nethod and for-72 0o 80% of the whole ingot obtained by a
nmet hod of making a permanent magnet according to the present invention. It

will be appreciated that the magnetic properties were iggoved in ;;v
pr oporcbkaindd fidme peesepiage rrepatrd cpwlyeriging thefrepaeninggot whi ch CET
consi sted of columar crystals. 10 - EXAMPLE 2 Unde

t he samdfowhdheiireotaet tFigyre i6n ap@Lrsating the KRsHLERPY 8OYFRE present '
i nvention described in Exanple 1, 1 kg_of an alloy conposition was nelted
and cdet the) seme rrosedwirilag thaty REFHERAI AYEr atTHEPYTPBI?] . The al Loy

R SR e S AR
e LEA LBy TR P Sl KPR, G bl e
el QB AS0, L1 25ad s P e (Fommenen gy
Con 0 ot gt g oA T VAR bRt lmcabgnat zone
: properties were improved in proportion to the percentage of the '
macrostructure of_ i;he ingot which éonsisted of columnar cryétal‘s.
10 | - EXAMPLE 2
Under the same conditioﬁs as those in the method according
to the present invention described in Example 1, 1 kg of 'an alloy
comp§siﬁion w.a..sl melted and cast in the same mould ét a molten K
temperature of 1590°%C. Thé alloy composition was represehted iay the _
15 = constitutional formula: |
)

Sm (Coq 605CY. 08F%0.3 40 015’ 8.2

" The conditions of manufacturing a permanent magnet from this

alloy ingot were the same as those used in the method aécording to

the present invention described in Example 1. The properties of

20 the permanent. magnet cbtained were as follows: #
Br (KG) - 8.56
o P
bHc (KOe) - 6.75
iHc (KOe) -  10.1 B
o S 3
25 . Density - 7.16 g/cm

In this alloy ingot, the columnar zone acéounted for 75% by

volume of the whole of the ingot.



- 14 - EXAWPLE 3 By followi ng the procedure of the nethod according to the
present invention described in Exanple 1, a permanent rragnet was produced
from/"h al | oy having the conposition shown bel ow. The magnetic 5
proper‘tles of the permanent magnet are al so shown below. Sm [err] Br (KG -
8. 68 bEc(KOe) - 7.00 i Hc (KCe) 9.8 10 .

_(BH) max. 16. 15 M30e 8 XFensity - 7,20 g/[err]
I nythis alloy, the col umar zone accounted for 80% by vol une of the whole.
EXRR’/PLE 4 15 By follow ng the procedure of the nethod according to

the present invention described in M&il a. per manent _magnet was
produced from an-all oy having the conpaosition shown_bel ow. _The nagnetic
properties of the pe‘?ﬂ‘rﬁﬁéﬁ?"ﬁ?ﬁgﬂ& Pg??%g&%ﬁbmetéﬁ?[aéfcpfd% to the
I_Br (kG- 10. 9 (grﬁ}s%)}nvention descri_ge nOEﬁ@‘} Ijéhﬁ Pvmment magnet Qv

0
\ZOPSHI%/ cm 25 produced fr.'g'oxg his aﬂclayo Xav{nhge tﬁg ! cljomgg‘sritza'.%xq eshaé%goéj rlto(varg 'Ihe magnétgx

5 properties of the pemanént magnet are also shown below:
®
sm (Coy, 6% .08 %0.3%0. 02’ 8.26
¢ : : Br (KG) - . 8.68
| bHc (KOe) - 7.00
iHc (KOe) - 9.8
10 ) -(B.H) max. - 16.15 MGOe
Density - 7.20 g/cxn3

In this alloy, the columét zone accounted for 80% by volume

of the whole. " _ N
EXAMPLE 4
15 | By following the procedure of the method according to the present .

invention described in Eicample l, a permanent magnet was produced from
an alloy having the composition- éhown below: The magnetic properties

of the permanent magnet are also shown:

W Sm (o5 604%0.085%0.3 %. 016! 8.3
20 Br (KG) - 8.60
Vo | ' bHc (KOe) - 6.95
| iHC (KOe) - 10.9
(E.H) max. - 16.0 mMeoe
Dénsity ' - 7.06 g/dn3'
25 In this alloy, the columnar zone accounted for ;70% by volume

of the whole.



fhe whol e. EXAMPI e 5-By follow ng the procedure of the net hod
rding to the present invention described in Exanple 1, a pernmanent
et was produced froman alloy of a conposition shown bel ow.. The

netic 5 properties are also shown: [err] Br (KG - 8. 68
bEc (KGCe) - 7.00 i Hc (KGCe) - 11.0 10 _
(B. H) max. - 16. 2 M~ Density - 710[err] In this
all oy, the columar zone accounted for 72% by vol une of the whole. I'n thi S
Exanpl e zirconi um and - haf ni sed in conbination.- The nagnetic Wb
properties of the resultant%nt 15 magnet are as favourable as
t hose of t t I,LE 6 By follow ng
t he proced%&eggﬁggg tq@ggg%ggg% pryr@cgge 9 nvel\@t i on described in

Exanpl.g. %@é ?Qman qg}gﬁgt oy of a
-COITpO%I t%%lr?aé éﬁ@%}é{‘%ews@ magnetlc prope T es are al so shown: Smerr]

B Ce Xom a =) S EOW. em =]
|rHc (‘g):odu d frém en 11ai;8 5%'@@&‘@&4‘1@&: hown below. TheSmSghet?

5 propert:.es are also shown: _
sm (€O 604C¥ 0gFe0.3%%0.015%0.006) 8.3 )
Br (KG) - -  8.68 .
bHc (KOe) ~- 7.00
iHc (KOe) - 11.0

10 o (B.H) mex. - 16.2 MGOe
Density - ' 7.10 g/an3

In this alloy, the colﬁmnar zone accounted for 72% by volume
of the whele. In this Example zirconium and hafnium are use;i in -
combination. The magnetic properties of the resultant perméﬁent
15 _ magnet are as favourable as those -of the permanent magnei; obtained
in Example 1.
EXAMPLIE 6
By following the procedure of thé method according to the present

invention described in Example 1, a p_ermanenf magnet was producéd

4

_ 20 from an alioy of a composition shown below. The magnetic properties
are also shown: ' o - | | ' .
sm (c° .6025%.087%0.3%. 018’ 8.25 i
Br (k@) - 8.50
bHC (KOe) - 6.65
25 - iHG (KOe) - 10.1
" (B.H) max. = = 15.6 MGOe

Density - 7.15 g/ce



(B. H) max.

- .l this alloy, the columar zone accounted for about 70% by volume as a

i 15.6 MGCe Density - 7.15 glcc - 16 <:::
S&

‘whol e. EXAMRLE .7 '1 kg of an alloy whose conposition is shown in the col um

5 " Al oy
hi gh-freqgtency
[err] in a met

" of Table 1 was nelted in an alumna cruci'ble by use of a
furnace.. The nol ten =alléoy was cast -at a tenperature of
al nould.of- iron of a construction shown in Figure 8. The

moul.d had a wall thickness of .10 mm The alloy ingot . produced had a
meter ost ruct ur e shown Ipntidsyaltoyy the columnar zome accounted for abowk (0% A | oy

1 Alloy 2 _ Alloy 3 Sm _° 23.12 © 26.59 .21.54 Co
51. 15 . 47bgevolume as;a yhole, 6.57 9. 44 6.70 15
Fe 15. 87 15. 21 16.19_Zr 3.30 " 1.69

3.37 (In %by weight (W%) In Fi 58X Ihe chilled zone is indicated as

A, the colum
cut out 20

oftheteg pi
the range “of [

.

10
15
~ 20
v
25

200 58 2 s I R BAEetR0 3 (e B R S5SR1CT
°S524 25 9580 4 100 dlead ISPLE Y e ReBBIL BRGRPLY 11

a high-frequency furnace. The molten alloy was cast -at a temperature

of 1600°C in a metal mould of irom of a construction shown in

Figure 8. The mould had a wall thickness of 10 mm. The alloy ingot

produced had a macrostructure shown in Figure 9.

TABLE 1 |
Alloy 1 Alloy 2 Alloy 3
sm 23.12 26.59 21.54
co 51.15 47.06 =~ 52.20
| ég 6.57 ' 9.44 6.70
Fe *  15.87 15.21 16.19
zf 3.3 160 3.3

(In % by weight (wt%))

In Figure 9 the chilled zone is indicated as A', the columnar
zone as B! aﬁd the equiaxed zone 'as C'.; Test.' plieces ﬁefe cut out
of the zones A', B', and C' of the ingot of "Alloy 2". Each of
the tesf. piéc’es in soiid solution was treated at a proper . | o
temperaturé in the x;aﬁge of 1140°C to 1180°c and then was subjéctea
to a treatment for ageing 'at 800°c. Thus each .te.st plece was
magnetically hardened. Eacﬁ test piece.was then p.ulvl_eriLsed into

a in_a.gnetic powder which was kneaded with 2.1% by weight of an epoxy

et e s o s San e L R e e e 1 o e i S A 4R St ab S SRk 51 [0 P &L o e e e A R A bR i s S ERs fAin L 4 o ek et s - 4 o i v wm ;e 7 ¢ SVl e o



5

1o

15

20

25

d

to a treat nment for agei ng at 800 C. Thus each test piece was rragnetlcal ly
dened. Each test piece was t hen pul verised into 25 a magneti c powder

h was kneaded with 2.1% by wei ght of an epoxy - 17 - type Grganic

der. The resultant m xture was conpressed in a press in a nagnetic

field. The conpressed mxtul was heated at 150 ‘C for 2 hours to cure the
resin. The pernmanent magnet o produced was cylindrical measuring 15 mmin

di aneter and 6t nm5 in length. The reI ationship between the magneti£™

w.,,/ :
pr opgrtlgg ofstgm&)eerr.rra,gggtre g{g&gure ﬁe]%\?gpfi%sse grostructure of = ;

own 1n ure ere atlonshlp bet ween

the agpons%xea b Ad ?ﬁéﬁndﬂ@% AEELIAL ”‘%%‘%.on hf rhacfigyre 11 shous the

rel Sat urat e net i agel ng tinme.

As cb &and f-maq.gjn 0, exhi bits better
rrag\rll\ﬂéétcfc g?%%g???;éés)mtoﬁgﬁ*% ﬁ:geép% A zg;l?\hees QEXANPIEE AI I%gs of the

COW&&Q@%@%&&;Q% HE3Sur ﬁld 9% o iAN@iakRter ana’bt@h 3" in Table 1

were nelted by sanme nethod as in Exanple 7. The noTten all oys were cast

eachimlieagtRPehat 412 t9bndiBp betwkedNthd @aghBtIcIpebumibs Je gure 12. In
Figure 12, (b) denotes a nmould having a copper pipe wound thereon so-as to

be comd pdnbynetr fadmdt B sitiaghediold( e daABOSATuatEFEIod t ch is air-cool ed.
20 : The two noulds of Figure 12 were identical in size, shape and
mat eallaly, iexshqeh inFighee cal | PiguteV1s eshowedthe Famtdlohslyigconposi ti ons s
indicated in colums "Alloy 1" and "Alloy 3" in Table 1_ :
between the coercive force (iHc) and the ageing time at 800°¢.
- Figure ll shows' the relationship between the saturated magnetisation
and ageing time. As will'be seen from Figures 10 and 11, the
columnar zone exhibits better magnetic properties than the other
zones. |
. EXAMPLE 8
Alloys of the compositions shown in columns "Alloy 2“ and
“Alloy 3“ in Table 1 were melted by the same method as in Example 7.
‘The molten alloys were cast each at a temperature of 1600°C in an
iron mould shown in Figure 12. 1In Figure 12, (b.) denotes a Imould

having a copper pipe wound thereon so as to be cooled by circulating

water and (a) deriotes a mould which is air-cooled.

The two moulds of Figure 12 were identical in size, shape
and material, except for the cooling device used. The alloy 5
compositions.indicated in columns "Alloy 1" and “Alloy.3“-in Table 1
were melted:by the same method as in ﬁxample 7. Two ingots were
obtained. ln'addition; One'ingot was produoed by cooling the nmolten

metal directly in the crucible. Observation of the structuxelof



were neltred by the same nethod as in Exanple 7. Two. ingots . were obtaine
In addition, one ingot was produced by cooling the nolten 25 net al
directly ima~the crucible. Qobservation of the structure of  the

above- nentiyoned three alloy ingots involving different cooling speeds
reveal ed tfat the I ngot.s of "Alloy-l18.and "All oy 3", obtained by water
cooling, were forned substantially wholly of chilled crystals, whereas

t Hose obtained by air cooling contained 5 more than 90% by vol une of
codrmmar cryst al sttendbdvesrpentioned cthreehatioyhingateclmiodving different of
coansened equi axed crystals. The three kinds of ingots of "Alloy 1" and
"Alloy 3", in-sol¢eling speeds rmwealeadeshat thetingogaRs "Aklow Al andn"Alloy 37,
conditions between [err] and [err] and subsequently aged at [err] for 2
hours 10 and t ed pyowakers gpoldnge Hexe g?@?,d Bg'ﬂﬂjcﬁ?oilﬂg"wy of

procedure of Exanple. 7, resin-bound pernmanent magnets were produced from
the all oy i-ngots.B‘F'IJréS% crEpERLssSYRRFers, thase ehtalnsd Jye pLT £o0Ling cpatyined

a6 S8 120hce ugnots LR SROUSELS, LSS LS o] Gdga S
Al oy 1o ot orr st e Afeciple vereTtmmerd O petrafied; onefed HRHE R g
gri _g g)  bHc [eEs rlsmethree @M%ﬁﬁi&c};s%?hi&?'ﬂ'“&a "alloy 3°, #PUBu1a
| solution, were heat i:reated_ under the optimum conditions between
1140°% and 1180°C and subsequentiy’ _aé_ed at 800°c for 2 houz;:s |
10  and then at 700°C for 4 hours. Then, by following the procedure
of Example 7, resin-bound permanent magnets were produced f?m
the alloy ingots. These were tested for m_a.gnetilc prépérties.
The results are shown in Tables 2 and 3.  Table 2 shows the
results for "alloy 1" and ".l.'a.ble'-3' for those of "Alloy 3".
15 The constitutional formulae of the al]_.by.comptl:sitions of !‘Alioy 1",
- "alloy 2_" and "Alloy 3" are shown below: |

Alloy 1 - sm{Co, ¢7CU 08¥%0.22%%0.028” 8.40

Alloy 2 - sm{Co, ¢,5C85 1275, 22%%0.015 7.0

- Alloy 3 - 8Sm(Coy ¢7%%,087%0.22%%0.028’9.20

" o 20 . | -

= ' TABLE 2

- . I— —

Method of cooling Br (G) bEc(0,) (BH)max(M_Goz)
Water cooling . 6800 2100 6.5
Air cooling 7600 5500 13.7
25

-

_Cooling in crucible 7500 . 1800 - 6.0




g\g}

r ool ing : 7600 . 5500 - 13.7 25 Cooling’'in
bl e 7500 1800 6.0 -19- TABLE 3 Met hod of
25ef i ng Br (G- bHc [err] (BHymax [err] Water cooling .
050 - 1050 _ 4.2 Air cooling 8100 5400
~+14.5 Cooling in crucible -« 19°=/800 950 3.8 1t will be seen

from Tables 2-and 3 that the ingots obtained from"Alloy 1" and "Alloy 3",
the air-cooled ingots, 10 = had a columar structure exhibiting the best —~_
nmagnetic properties. As @@BBEided in detail above, the present invention : %
residesdn.converting the cast structure of an allioy into a col umar o
structure and causi ng such columar structure to account for preferably at

| east 50% by ¥ebhedre@fofoaliaguhoBE(GIThi s bicSes (BRma(MGO,) magnet i c

propertTE€S O UNe POwWIer-poung megnet outarmed—arnt—consrTst+ng of

predom nowdder ESdXingCrystals t gobg enhangsyd and, at-f"l'xze' sanme time, permts

the alloy itself to be nmass-produced in the form of

ﬁ‘ga; 20 kepib@oblimy 100 kg, fomiesanpl e.s400 -20- CLAMS 1. A per manent
gnet nmade from a powdered all oy conposed of

15

in the form of large ingots weighing 5 kg, 20 ]ﬁg, 50 kg or 100 kg,

arge ingots weighing 5

Cooling in crucible 7800 ~950 “'3.8

It will be seen from Tables 2 and 3 that the ingots
obtained from "alloy 1* and "Alloy 3", the air-cooled ingots,
hgd: a columnar structure exhibiting the best magnetic properties.

| As described in detall above, the. Present invention resides
in converting the cast structure of an alloy into a columnar

structure and causing such columnar structure to account for

_preferé.bly at least 50% by volume of the whole. This enables the

magnetiq properties of the powder-bound magnet cbtained and
cdns:l.sting c_>f predominantly Sm20017 crystals to be enhanced and,

at the same time,' permits the alloy itself to be mass-prodiced

for example.




samarium cobalt, copper, iron and any one or nore of zirconium titanium
+hafnium tantal um niobium and vanadi um and ‘f or ne domi nantly of [err
cryst|l.s with a predom nantly col umar nacrostructure. 2. n Iﬁ?

magreét: as claimed in claim1 conprising 21%to 28%[”’1["’7”’6 mari u
3% to 10% by wei ght of copper, 14%to 35% by wei ght''} ' ’m !&@&%to
I

by wei ght of any one or nore of zirconium titanium héfntum um
- niobi um and vanadi um the bal ance bei-ng cobalt. 3. A permanent magnet
'shbstantially as herein described wi2hTeference to the Exanpl es. 4. A

.met hod of making a permanent magnet as claimed:in any preceding claim
~conprising the steps of subjectingethfugtl | 0oy to a heat treatnent for
~magnetic alloy hardening, form ng & magnetic powder fromthe heat treated
-al l oy having an average particle size of not nore than [err], mxing the
‘magnetic powdei, W th a férddaent Aadneo Hade! FAgn hhgowdekédirar 169 domba®sll ofit 0 a

‘desired shape under the influence of a magnetic field. 5. A net hod as
cl ai med i n cl asamakinm, okaltl, heodpetdeirdns andl anygeane ®orr estre ofr ztravatieh, or
‘nmetal alloy. 6. A et hod of rmaking a permanent magnet as clainmed in

.claim4 and substariumal bafrdsmperantaloes cricbban afiievdrediuwfandhformed

! shecification has been reproduced by photocopying the applicants oroginal
typescriPt. |tphedendpantiyof $myvCaqynenystats wiitbha greddinantlytcalympamd.

| The original typescript containing-these amendnents may be inspected on the
| premi'ses of thBafasERpcETE.ce - : ' C

| 2. A permanent magnet as claimed in claim 1 comprising .
21% to 28% by weight of samarium,. 3%.to 10% by weight of coppeg,
14% to 35§ by weight of iron and 0.5% to 5% by wg;ght of any cne
or more of zirconium, titanium, hafnium, tantalum, niobium and
vanadium, the balance being cobalﬁ. |
3..' A permanent magnet substan;ially as herein describe§ with
-feference tq the Examples.

- 4. A method of'making a permanent magnet as claimed in any
preceding claim compri;;ng the steps of subjecting the alloy to
a.heat'treatment for magnetic ailoy'hardening, forming a magnetic

powder £rom the_heét treated alloy having an average-particlezsize

of,noﬁ more than 50um, mixing thé_magnetic powder with a binder,

and coﬁpaeting'tﬁe mixture so formed inﬁo a desired shape underx
the influence of a magnetic field.

5. A method as claimed in claim 4 in which the binder is an
organic resin or a metal or metal alloy.

6. A method of making a permanent magnet as claimed in claim 4

and substantially as herein described.
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