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Physi cal Society of Japan, Vol. 3, 162, Cctober, 1955). However. 20 such
M- Al al |l oys possess nagmiMBR@HEMQrINﬁND:BEMTM Be |ow, for exanple of
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maki ng them u h&ze aa@fromﬂamﬁ
Mn—ALl alloys con51stmg of 60 to 75% Mn (this percentage, and all
10 percentages given hereinafter are by weight) the remainder being aluminium, in 10
which the ferromagnetic metastable phase (face-centred tetragonal. lattice
constant a = 3.94A, ¢ = 3.58A, c/a = 0.908 and a Curie point of 350 to 400°C:
hereinafter referred to as the phase) can be obtained by heat treatment, such as
by controlled cooling or quench-tempering, are known. The ferromagnetlc T phase
i 15 is the metastable phase which appears between the high temperature phase (close- 15
‘ packed hexagonal, lattice constant a = 2.69A, ¢ = 4.38A; hereinafter referred to as
the ¢ phase) and the room temperature phase (a phase in which the alloy is
separated into the AIMn(y) phase and the 3-Mn phase). This intermediate phase
was discovered by Nagasa{( Kono, and Hirone in 1955. (Digest of the Tenth Annual
20 Conference of the Physical Soczety of Japan, Vol. 3, 162, October, 1955). However, 20
such Mn—Al alloys possess magnetic characteristics which are low, for example of
the order of (BH),,, = 0.5 x 10° G.Oe, Br = 2200 G, and jHc = 600 Oe.
Since then, a method has been proposed in which the powdered alloy inthe r
phase is smtered and then pulverised, increasing the coercive force; however, the
25 magnetic characteristics of these alloys in isotropic form, at best, were low, being 25
of the order of (BH),,, = 0.6 x 10° G.Oe, Br = 1700 G, and gHc = 1250 Oe,
Moreover, since the products were formed from powder thexr mechanical
strengths were low, making them unsuited for commercial use.
A method has been proposed for improving the magnetic characteristics of
30 these Mn—Al alloy magnets by applying a high degree of cold-working on the 30
alloy in the r phase, the ferromagnetic phase, to render them unisotropic. In this
method, rod shaped Mn—Al alloys in the v phase are sealed in nonmagnetic
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A nmet hod has been proposed for inproving the magnetic characteristics of 30
these Mh-Al alloy magnets by applying a high degree of col d-working on the
30 alloy in the r phase the ferromagnetic_phase, to render them —. .. .

anisotropic. In this nethod, rod shaped Mn-Al alloys in the [err]phase are

seal ed in nonmagnetic 2 1,473,002

2 stainless | pipes, and subjected to col d-working, such as smaging, to
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fmely dxspersed in grainy or reticular form with a tetragonal (magnetic) phase asits
matrix. If the alloy has a §ramy Mn,AIC fphase an alloy which is magnetically
isotropic is obtained on deformation. The formation of such alloys is described in
our co-pending Application No. 45507/74 (Serial No. 1,473,373).
60 According to a further aspect of the lpn:sent mventlon we provide a 60
permanent magnet made by magnetising an alloy of the invention.
Such a permanent magnet may have a sepcific gravity as low as 5.1, and a
magnetic energy per unit weight which is 2 to 3 times that of an anisotropic (B a,Sr)
ferrite magnet, 1.5 to 2 times that of an AINiCo magnet and comparable to the
65 best permanent magnets known. 65



there exists a special phase having significant and useful plasticity in a
specific tenmperature range, when the alloy has a particular conposition and
t+he- i ' ar state. According to
anot her aspect of the present invention, we provide a nethod of 50

maki ng the alloy of the invention, which conprises subjecting an <Al -C
50 all oy of the conposition specified above and which is free of jghai ny
MhAI C phase (as herein-defined) to plastic deformation at a tenperldatdre of
from[err]Jto [err] whereby the alloy is rendered magnetically ani sotropic.
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£,(0001) #/ Mn,AIC (111)

55 Furthermore, it was confirmed by electron microscope examination, though not 55
distinctively by optical microscope examination, that the ¢, phase was at intervals
of 1 to 10 between the lamellae of Mn,AlC, and that the phase of the Mn;AlIC
and/or face-centred cubic phase similar to Mn,AlC was deposited on the plane of
£,(0001), separated from each other by a distance of 0.1 to 1u.

60 The heat treatment for causing the Mn,AIC phase and/or the face- centred 60
cubic phase similar to Mn,AIC to be deposited in lamellae as described above, is
designated the M treatment, and the ¢, phase contammg the lamellar Mn,AIC



30 [err], but in the tenperature range of from[err] to [err], the
solubility limt of 30 carbon is greater than (1/10[Mh] - 6.6)% of carbon;
however, by quenchi ng froma-tenperature-above ferr}—antfer+r}phase-ean be
obtained in which a quantity of carbon exceeding (1/1Ow] - 6.6)%is forced
to di ssol ve. _Ihe high tenperature phase at which carbon can be forced to
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Accordingly, to obtain_the ¢ monocrystals, the respective com onent
elements were mixed and alloyed by heating them above 1,380°C, and then,

monocrystallised. Further, a Mn—Al—C alloy in which carbon was prehmmanly
dissolved into solid solution at a temperature above 1,380°C, was remelted and
60 monocrystallised. In this latter case, the heatmg temperature for ¢, 60
monocrystallisation was not necessarily required to be above 1,380°C, and heating
to a temperature above the melting point of 1,210°C to 1 250°C was sufficient.
The temperature control conditions for obtammg the e, monocrystal by
cooling the molten Mn—AIl—C alloy from one end were chosen as follows:



In anot her preferred enbodi nent, an alloy which is magnetically ani sotropic
I's made by subjecting a starting alloy which contains from68.0%to 70.5%
of manganese to quenching froma tenperature of at least [err} and to

pl astic 20 deformation at a tenperature of fronr[err]to [err] Mor e
preferably, the 20 quenched alloy is subjected to tenperingzat a
tenperature of from[err] to [err] before defornmation. In orde ;E& he
invention may be nore-fully understood, the foll ow ng Exanples € gfven by
way of illustration only. 25 - Exanmple 1
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corrposr-rkl oR—CgRSHsti-hg—af—ihr—r2- 25@%0@? 26—G4%-and +—08%t—=as Lﬁen1cally

anal ysed, was ﬁanumteuuneéd Y 9« MUgg&c%Pé fon %F%qagjg' @bt ai ning the

[er r] nonocr )ﬁ@%@‘@fs%‘f? to: end "W gdboand it becane

clear that tedHepeHt nocrystal wa3 éﬂ)m{‘eHytStQ °q, Sndjﬂﬁﬁﬂﬂlﬁnt on car bon
contents. It qumcaecrmgsm ratlondeODﬁhtOfadp ftra WW@ e?gp Ingnpnodr yst al ,
a

[ ‘(RYPr‘tth “B’g atia o b t
oo o sl Barbon, m

%and that the
process of heau-‘rdmgthE@ rﬂd}mm@st &&ﬁﬁdnmm:swlay,rtlsretmcmqubm eStgmerature 35

r equi rid toﬁ&)md@(ﬁh‘@ 1) 160y %ﬂds‘élt Ht B Tﬁ}t‘yﬁrys%houl@ be
carr o out i oL ey e R e (a1
t

the materi almd :Mh ] csad?wmv =ca7 B_Sl 50 Ol (BHQD wvas | ess than
(1/10 M - %O‘tﬁré)e Toest vabies @rey stna#rstq iﬂF*b ttho'é‘kt icace with

difficlty; agAgh ,t‘h"r‘rl;dt'igﬁf-"iggly f fE‘E{“ on, I n an
anount in e };rg?t'ﬁ‘tet (ﬁérs ﬁ WEbT of Yhe! it ;tl ved ©'in the 6. 6) % was

forced to disga&lréeofl e oiditarys dbirdb msodraghetorﬁrcam the mesulti of thbaﬁjnerr ature of 40

above 1, 380diffrecsionskowsyeyi it &apeo nsif Fﬁ“ed‘ % hi s,way, the
[err] ?ﬂ)nocr fhzyh@‘fz‘g%‘ fgtfilgj% ?&‘fe,h%éﬁgcewfﬁh&ﬂﬂfro one end
thereof by thhigudk 1§gmnq3}1 eﬂrre wnysan;ﬁfedaasodapﬂeksemwe B/ regards the
growt h of chs,t\melli)romthe err] hase in the case crystal s 45

|
formed_jn ordi ?4 'a’ I-"’r"' at %}} mat er i al
cont ai ?1% ng ‘g &ﬁ?&?ﬁ& gg:@itffﬁ otbyd, eamy sf}{ he ?%crease

of crystal gfeatnﬂ:nel ze ecorres mar e the crystal grain size increasing
with the increasing proportion of fo e; di ssol ved carbon; but as the anmount
of carbon exceg ﬂ‘b{' I ob %%a pﬁl‘ﬁ IGersswa‘Eas'h Pfed @ e & UM ni um
carbidso [er rt}eatn%?\tﬁn gg%%ﬁkgﬁtl%’n tﬁnpeFxﬁrﬁreE &ﬁﬁzgmmure&aﬁdnﬁs t heor equi red
amount of cahhmuenahed)hbrartmst[empcr]atumma sgakespfﬁ@ﬂtqw m!beh‘he 50 range

of (1/10 I\/h ‘th? 3dppd adgposn it gég’ éﬂo o force the
carbon to 9 quﬁnﬁl;%ﬁktu scr e %P@Tﬁ& ﬁ&mﬁ‘?éﬁ% {lﬂi 0C nust be
used. At nel t terrperatures be ow 1, IS not possible to force the

carbon3%o di ssolve into solid:®0bitA Mﬁs‘“rlﬁ(blr‘rbunt s exceeding the sc®ubility
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s described above, con firmed by X-ray diffraction, X-ra microanalysis, optical
55 Accor di nga{uyms ‘Im h@na s)ilaonoycrysta I's, e respectrve conponent
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prepared with different face cuts and treated in different conditions, but were all
found to be isotropic, with no improvement in magnetic charactenstrcs

55 Example 3. 55
A monocrystal of ¢(M) phase Mn—AIl—C alloy containing 72.10%, Mn,
26.78°%; Al and 1.12% C, as chemically analysed, was manufactured as described in
Example 2, and from this £.(M) phase monocrystal several cubic test pieces were
cut, each of 10 x 10 x 10 mm, each having three surfaces respectively parallel to.

- 60 the three crystal planes (3304), (1120) and (3308). One of the test pieces was 60
subjected to pressure, at a temperature of 550°C, of 30 kg/mm? in a direction



tenperature gradient of 5 to 200'Ccmin the tenperature range of 1,1500C
to 1,2501C, or solidified fromone end at a cooling rate of 10 to 1000d hr
in the—same tenperature range; the nonocrystal_was _then cooled to 900' C
and thereafter 5 guenched froma tenperature of 900'C to a tenperature

bel ow 500 y cooling 5 it over that tenperature range at a cooling rate
of 300 to 00C mn. In this way there could be easily obtained an EC
nonocr yst(a the shape of a cylinder of 35 nmexternal. dianeter. Fromthe
E, nonocr obtained in this way, there was cut a cubic test piece 10

of 8 x 8 x 8 gm having surfaces of (00011&730@ TOO) and (1120) This E
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phases [err] or the phase of carbides such as [err]. It was al so

establi shed that this orthohonbic crystal phase was on order phase which
made it+s—appearance 45— —at the internediary stage in the transformation
[err] proces and the [err] 45 transformation is an order-di sorder
transformatson) where [err] designates the order phase of the orthorhonbic

crystal. 1A Jable 1, the results of the X-ray diffraction of the [err]
phase by tihepowder nethod are shown. Wth a test piece of [err] material,
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8 Wth a test piece of S2 material,
phase and the diffraction lines fromthe [err] phase were present

1,473,002

the diffraction lines fromthe [err]

and al so

the diffraction lines fromthe |anellar
the [err] phase were both oriented in one direction. Wth a test p+ece of
[err] the diffraction lines were present froma 5 smal | pr on of
[err] phase and a | arge proportion of [err] phase as well as t -' 5

diffraction lines fromthe lanellar [err] phase; the[err]phase and [err]

phase were both unidirectionall

Bet weeld

the unidirectionally orj

exi sted a specific crystal

[err]

[err] phase;

the [err] phase and

y. oriented as in the case of [err] material.
iﬁﬂﬂ@%@-@%ﬂd{-@*—qﬁhﬁe—ihe; re

orientation rel ationship: 10 :

| 10 Wth a test piece of [err] material,
only the diffraction lines fromthe [err] phase were found apart fromthe
diffraction lines fromthe |anellar MAIC phase;

the [err] phase was found

to be nedqrly unifdirectignally oniented. {The anglje of the diffraction |ines
fromthe [[etr]JSghase injthe [erd] and [grr] test| 15 pi eces devi at ed
sonewhat {f r prae tjle ﬁngtﬁs: of tche<di?f r*-aqt'i onn I¥nes from the 15
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pressure. = ° 231 s gz ¢z E-ee8y 1, £73, 002
9 X _ 10 & = Ry ESHS A Bii St ehaped test
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tenpering was barely observable. As a result of further detailed study of
t he phenonenon of rapid plastic 15 deformation in the defornmation of
the [err] phase at elevated tenperature, as 15 described above and._of
the process of form ng the unidirectional I y oriented anisotropic material,
it becane evidgnt that these phenomena are based on the [err] [err]

i

t ransf or nmat occurrr ng in specific crystal orientation relationships.
Thus, when{d AKpnocrystal in the [err] phase was subjected to pressure in
t he 20 rection above nentioned, the matrix turns into a nonocrystal
of [err]having the 20 crystal orr entfaq?r3 reI atronshr ps of [err] [elro ]

() U
25 corres pondersOsﬁabeﬂ pstome&s céminhmgveld: éaspmrqmpmtof maglctlpnmromtm Bin

t hrough an orde on

Figure 3, and t he dirgSionpgre tq)ﬁalmar%a'er ¢ 8hthe dise, l ;;agg tion is
not especially | afgbPictr, § ﬁnﬁgﬂ sf«ﬁaﬂ %f&’;\ ormed to
a [err] nonosryst &lm ?aﬁylt urs re@po.- es| GFISL, IS¢ rtE.-a ¢ringl 11) 5

t hrough the [err] wmrmfaﬂse e P 3t Oy rﬁ@ﬁmtchéo peadPTdyee-( 100)

pl ane slides to t B/ d@% f‘}ﬁg% éfﬁuéﬁég Ol Bnocntal
The sliding of th§eP naueenf RP &y e labVe nt eataest ppesdl y i n
30 aval anchdol i ke sliﬂmﬂarver)am tapeke oﬁsnmaotr@p,r fdr exadmt;tmazm tlnam G&%he di rect I o9 of

pressure, from por TE PIUSt “‘E! of theo tah‘f“b@:im a{“ﬁéeq "dgf)ng of

the planes in the gﬁ §b§§ﬁ,"gé1 cry"t‘Ha TN R S&y' MRén al T parts
of [err] have been tl’A.@ uhHérOdeEﬁEcl ktudp oﬁihe&?«br’iﬁmeﬂl@ﬁ Bi rdpl¥eplsgiduct i on
of di nensi onsin tldefopﬁmsuu ﬂxecﬂefoematiommfchraees) phae at elevatdd tempesikure,tdse 15

[err]has been traﬁssfct!'m’e ©ap hej P'PF@S TRNg '(BEf"@ldFF&QWBHlYo‘t“eB'FQ even
35 when pressur e B rrrﬁ:rnm °m°§r;me%r¢
illustrating the ¢ amﬁ.e WhenGl'iydnloody stﬂtui mepna&\b QuHjexted]to xreanmmmaat i on
descri bed a®ve. Hireutior aove meen nesérmgm;tre tutny intey k. moneerystal obe.dpvipghde phase0 of
[err] Figure 4b t K&stahoricatation relationships o i gur e 4c the phase of [err] 40

The diagramof Figure [err] depicts aomyyefiobhe [err] phase observed from
t he 40 directions perpendrcular respectrvely to the (0001) and
(1120) planes; Figure 4b depicts the YL/ 1%k ] observed perpendi cul ar
to its (100) and (g} dalﬁamlsamr frhddibr Ratfba otfbe eemhis . ;basﬁarﬁféhﬁ:ﬁﬁw cul ar
to its (111)25and (cdrtédpondk eoth T&sefdlommlfrdmpmat e:spoj:n in Higsphatd the cryss al
| attices; the dot tdenFﬂFlptrﬂeseduEt lPG‘l?aRTF g r;mgmﬁms ciglly lacge. at ons;
and the arrows, thg, ﬁr,?rrrfg B 335 et maasrm. ptheionte” The'
45 doubl e concent rvdhﬁ:h@liers ﬁbtsﬁdefs hP BiBéctibOSII00] ata pamcafstam or Al in
t he di sorder3ostruct ufl‘ 1 Irtlamr;rtrocthespmfrr?i ginm@olakdi %aqecﬂaelsll)'slnow t Be
posi ti ons of atorrzv%mzm* ,mc"'%r’éf W Qﬁi"rﬂ (R SErcion SRS, The
positions of the efd, ﬁlatsl sﬁy, sSp Hiv’e@&‘.n faﬁsf@ﬂet:lt ed. 50
The [err] after deﬁtaﬁ,rrwat(pmn 5,9 o edtction ndamrensmn mtla(pt«asurresdlrecsqn deases.becones

an 50 ani 3ot r opifier Atk e{hamerrt feqmed #e wrfiithfurther deformatiop @Fqusy, PYe8 af t &7
tenpering. It is PPREE 4"1‘?‘45%%“& ﬁ%hﬁﬁll%étﬂ%hapﬁgwﬁﬁ sitHGre

mechani sm the phenmeeNoL -Of tradfuirdat $criBedCd {ifle @ repdséiss t éageal and t he
uni di recti onal |y (%,E\é@mg%ho llasmfrf %i%ﬁh zgghasﬁsflﬁs%%ﬁﬁwurel“ht ance W h
this conclustbn, t r“éé% ce a

J 4
bei ng subj ect ed t&;’ s - end bse ppt E 2 eéz ?gsqu.gd to be
quite uni form and Bgmmdthe ehdleaxlarxo ssembend)(lm)lp@nb&am soad lipagr r]

phase was ob erved’eSlma%é;Eegw; gry ,1@ q.eg,d qqtigd liggs, talﬁ anebigthe

f
structure. The gl ﬂr?w B étﬁ?mémm ST Soms of M) OP o e et
the magni ficati on divafded stflfdthre; khesi magmtaa tho solid oiceles shOw the posisibsisuaft ur e of

the crystal due t@tqmsrcpf AlrwéslVfGrfestﬂﬁﬁels rr Eh?t‘ﬂﬂﬁ nice ke positione oS theyct ur e
60 of ordinagy al I Ve ergée}:‘ StEfics, bhe fREGANRNEVI dapt
fromthe studies rﬁﬁﬁ & 1Elﬁ£)dcéileﬁi ﬁiﬁinleﬁc f‘d&fdﬁ'& ics @fter tempering.

It is apparent from the studies made that based on such a mechanism, the
phenomenon of rapid plastic deformation takes place, and the unidirectionally
oriented anisotropic magnet is formed. In accordance with this conclusion, the

55 tical microstructure of the test piece after being subjected to deformation at 55
lpvated temperature was found to be quite uniform and smooth, although the
existence of the lamellar Mn,AlC phase was observed. Figure 5 is a reproduction
of a photograph showing the structure. The magnification is apparent from the
scale; in the original the magnification was 1,000. The fragmented or broken

60 structure of the crystal due to slip lines or twin structure apparent in the structure 60

of ordinary alloys after deformation was not present.

It became evident from the studies made that the rapid plastic deformation



1,473, 002 11 occurring in the
deformation of the [err] phase is not a deformation due to slip or twn
which is to be aobserved in normal plastic deforning of other netals or

al l oys, but a deformation based on the[err] martensitic transformnation.
Accordingly, the limting level of this deformation is based on )
different fromthat 5 occurring in the defornmation due to W

har deni ng of netals or alloys. 5 Furthernore, it was cle rf

ani sotropy of elongation of the test piece after being worked

i s due {p the slidi ng of the speqj,b@opl ane to a specific di recthon of the
[err] onal
reductions PosuEi ‘Pfé'@ﬁ'-’k( P!W“S"Ot.a “Pélfter t enperi ng,
[err] bei ngb,fhﬁgg éf 5 4'&@%{8‘3 BSHC deforming P ﬁ%&g tajc@ with respect
to the di nemsiimiting ea‘velrmmeaan@mhm is sasl:d k:ei me@mmkraamere@ﬂfr %{ahl s phenonenon
is thab thep@urrslgflmrthmdefb reﬂuatttt S\tmxk hapsie t%ﬂmwédle orrdhtrsaf ormabi on under
1
pressure, Eé%B\yc’rgﬁdrlsd?scgﬁii:d@ﬁduc.:atI[ %{ﬂé nﬁgﬁ fpigglrjl?oafx ne Lerr]
tiod

t ransf or mat g; [t fmatiof) n Fonaiy ‘brient ed
magnets 15 In tlkcawt cesu ands,, d‘lfﬂgﬂﬁhal@ednhafnamtt eskureauechamever it is
necesd8ry t¥er °9}58-§e‘?°éﬂ8rf9}tﬁdéﬁh% é/-tv Phturéoup to a
poi nt j ust {5&5‘\? dﬁm&ﬂ.@nﬁﬁ"@ﬁ telj‘ E: s, just before
point Cin dgurpees Aol oribnted Ulrys@aR uc g ef ormation at

el evated te ﬁoatlmoesthhqmap@@iure To Mm@mdgm’mhdﬂ ctr@n@k hes 3, but with
di f f erlént dl?ar”ié‘éls R?ng ’B?g“%‘e&gcﬂhi“éﬁfep’t“é%§ yever, s s a('t%r?f a‘@ F%/;Yperlét ures and

rma ion at elev €ral
phase of

ure u oa o1nt u
with differgy 2110 e Foltinstion, that 15 G (VRfre _5@ ie
Wh- Al1- C al | oy havi ng a corrp05|t|on of ' 7 /o AI 27 02%and C 1.05% as

chem cal ly ana) y

madeo agﬁg‘p‘d e andfromthls [err]
phase 2monecrxmbm s aled SRt dbimaiBn of o) E&g B Pst ppeces were
cut havi ng differest teﬁlpﬁath&s]lﬂdwh'hdff &ni ﬁx&isure25 pl ec e SO cut out as to

have three fac’%§ 0‘@4 —t(bal@achhwmtaher and in
rel ation tomhiiee gﬁl 9m! ié ﬂoﬁf‘ gﬁ%g’@ﬁent ly appli ed:
face (2a8) perfepraigu la@ oflberystal t 1&:&@\‘5&@'&& in'h ésQ)'Fﬁt mm The test @ (b)
paral | el topletheweneysclalouifa;ctehayomran fiaces ¢a)f (hpand (@ aetigheardles ecdacion and the 30
[err] direcg Pm nd,if Jelptigngo the digection igythickRypsaure pvas fokecsybseayentind (b) . The cut
test pieces W@ @EfRpeRBRuBY toARDbikiIR driGSSUre of 10 to 40 kg/[err], by
means 30f a h cfaca:u(b) pnrq.nemshe aystza fice Bptaifing (R prange didctibidd the [ er ig and

were 35 & E% gp %Snperl mthetenperature rangefrom
[err]to [err] Tlffrcfg :estnglec:s rebﬁe 3@{ %F lre% rQI)f lﬁggmﬂg} g | on of the
test pi eCESbh éaq%;oﬂﬁﬁﬂé Rl esaza@a I B%85 bard ON,
measurdénentthess s te te upie thy tempe;samremm froxﬁ 560tcto 68QNCeThs at | 035 cur ves
n i Ter crlaRr: f'm%;tfe: FEbtin pelenepeie W@M HeE in the
preferred OhdaGurbmént off] mil bdtio 01::11'9& in gﬁ”erent dir ctlon ‘jlé%er 'tﬁé s the
condi t I ons magdarc mbpcmlibsdﬁe ler prefetrandiveation off ha 40 i ncl udi ng
di rect®on OLClS{ Bives t 5 ﬂ'@PEﬁr pndgn vhikhod m@florde/hs)lcmzbd ont i n t4fe
pressure. diidn xﬁzﬁ,&@m Lo - LIRS mone
characteri sh thesprdfcrretd roe oEihﬁ tisdtidrefftlet @Mpér ng

terrper4|Png “F;g t° 0|r and ﬂmr\vhmtsﬂ.dethenmle tmgltbespessu}e and[ err] where
[ err ] s t EE I?%ﬁ: ang?o?exam e ressu t he 15er r ]
direction, ditladl e»ro o (%?‘ p,essu@ pressure
directi on dliretthon e'pcr]dmhhcetoam 133edeplahe OExampmp & ekpiéssdd essure
direction d‘P["'@f“f‘]“B"fye‘hﬁ $8r #2]= 0% perpendicular to the [err] plane and the

pressure direction perpendicular to the (3304) plane of Exarrpl e 31is
expressed approximately by [err].
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12 TABLE 3 Pressure direction

deformati on
(Ce) [err] 5
crystal .
pressure d

i 3
nost di rec,
wer e found\J€pending on the specific pressure direction enployed,

particul ar,
[err] as defd

Br . [err]l

these ra

nges,

Degree of Tenperature

BHMax Test piece. __.
because of the symmetry of the hexagonal
5 Experinents carried out with different

CLerr]_

(9

i ons showed that anisotropic magnets could be produced with

but that

en the pressure directio

N 44

a&)zwi t hi n 10

| arge di fferences of magnetic characteristics

in

t he ranges : f

characteristics were obtained with (BHTABLE he preferred direction of
magneti sati on exceeding 6 x 10[err] G Ce. On the other hand, with the

pressure direfTToONS [T T [ pessuel 1] — [T 7] Jand [erT] = [efr] [ rerr], Jthe
magnet s obt ai hed wer e |neatifeytiansotr opi ¢, shdidsreg oONf y a sjl i ght| predom |nance
in magnetic 1% . clfargeteri-stHdsmpsttRe defpimatien pnBat nge‘ht afghes fto the
pressure dire¢fFgmiecTHe 8,15 pPef e r eiCYi recti Gh of nejt (%At |61 Skt e t he
mexi mum val ueg Of g MAQT|ERQE C Lhigd acl ef jipt 1 €3 ai-eg POt pisngdl, | Y.a60 Fo, 1.8ependi ng
on the pressufe directlion used. Hor exanplie, with {err] [ [erf] and[er] =
[err], test pleceSq]err]208hone® a [pref¥rred direetiprt7a8 jahS¥npl e3.8f about
82 to the pregsurg dirlegtion, gand w §dy [eqr] .pber le;sogtnd, bar 11 Taleryl,
test 20 i ece [ernr] showed a preferred directjon at| abouf [err] ffo the
pressure dire¢tiof. THe3°20 stthplles #Mre ijn thelery 2N |phad¥e] 1.6
unidirectionally grientgsd, iich shelenr] -14.813] 6.900 | 2,250 90 |

1, 473, 002 | 13 pxis was abpunding jin the
preferred dirgctidn of est'1pfec (860 r]] 2880t h [ &4r]
[err]] =0, the pg'(‘laferr? magnety sgtipn Lay l,@oot he ppessure
direction, bul not'thg However|, the [efr] axis was found {in two
di rections naki ngS.an argPe jof 0abojut ¢8rr]tlo th®4preddspq treoecti bh, as the
centre of 5 symretrye -

5 The magneti ¢ Chg.'I;aCt e%gi st cg of th%oo[err] cﬁigta s’?jm?or%r'é%? fro%ﬁoth [err]
nonocrystal s by d&forqatdP on| a€° r ai sedB0t enper atip e prvd0® gnpedd ng, 7.depend on
the degree of Jorigntatlign of the f[er crystal i in rn depends upon
the directionjof appli cggti oin %')f pyr esgszltﬁ)r e. |The ©rie t6§??on2’% sp dz'gen S on
the 10 orientstionwf theofery] (bddo phgse -brt ork shed Ng2,150ahsf ponmed;

t hus, when theé prgssune, . 10 djsectiopn is within the range fi ned by[lerr]
phase of the ratrlgfk fcare3r?ed b bc{ he [e&P]trensfw?Tat 3n4%€s ﬁgg)r 9'0
unidirectionally sgientsse: [the unj disecti dqnal-inr by dissedt 2,050a) [ ebr] phase
was formed injthe_ensding rr%otrarsfornati n. Ot the pther hand,
X-ray diffraction is howe'd 1900 préé%‘ﬁre 814 qt 11| 0, 62 [err]
and [err] = [err]ss [egrssp di gsect i gnal- {.err| 4,136 |phase] i s2:kor ned,
with resultany formti lti-dirdgctional [err] pghase.

substantial | yjuni B r ec p-FF‘élse ils retti red P |obt¥in a?rizsotropi C
magnets having a gerr [erlr] -G.6e. di,Bdoe

t enper at ures Wwere s } }

wi thin the ranges

. ¢
t enper at ur esg bel of!fits thes aagle sangessag 3¢ p
al nost negligiblep %%
characteristics 2misotropivvaniagnéie@ohly beSgrbduepd ovith\Wwhash direqpey) et padddrgeci ty.
addi tion the def ofifferencgh of alagustic \charageristies wers

pressure direction emplo!

to [err].
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ithirks carfie®
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the hexg
u

i e!fxwes(segg;{

C

doungj d¢pending pry theesppifiat ur e,
ed, in particular, when the pressure direction was within
the ranges of 35° < 8, < 90°, 0° < ¢, < 15°, as defined above anisotropic magnets

20 tenperature range of

[err] to [err] ani sotdnSiRérng RGPSt thd ibxB%aa lchaaL o, MRPHSkekEassumed to
characteristics walllvithiarthd smgsefiDhg 65 <907,6F 1< 6, S 02 Reesere divecgiomcfallingyi t h

dhgueh dhey [Whthén was |
diletidns shbfedTB@NEt i C

In
up
10

having excellent magnetic characteristics were obtained with (BH),,. in the
preferred direction of magnetisation exceeding 6 x 105 G.Oe. On the other hand,
with the pressure directions ¢, = 0, 8, = 0, and 8, = 90°, 9, = 30°, the magnets
obtained were nearly isotropic, showing only a slight predominance in magnetic

characteristics in the direction at right angles to the pressure direction. The

15

preferred direction of magnetisation, where the maximum values of magnetic
characteristics are obtained, varies, depending on the pressure direction used. For
example, with 6, = 55° and 8, = 0°, test piece S, showed a preferred direction at an
angle of about 82° to the pressure direction, and with ¢, = 70°, and 4, = 0°, test

piece S,, showed a preferred direction at about 70° to the pressure direction. The

20

samples were in the 7.(M) phase, unidirectionally oriented, in which the 7,[001]



The rel ationship between the degree of deformation and the magnetic
characteristics was exam ned, and it was found that with test pieces

subj ected to pressure in di rechens—f—&H—mg—w—t—m—ﬁ—t—he—Faﬁgeude# i-ned by
[err] 30 [err]the magnetic characteristics remained | ow when the test

pi eces were reduced 30 beyond the degree of saturation deformati :
described in Exanple 3, or when the degree of deformation did ngt, yeach the

val ue equivalent to one-tenth of this degree of saturation def yon. The
degree of saturation deformation is obtained by cal cul ating, on e basis
35 @f the mechanism of trandfa3.00ti on described in Exanplel3, the

nmeasurea : A eftek gy, saturat ion is
appr oached 3’; P éﬁbuﬂ&h hmp%%fﬁ%ﬂé%&ﬁoéﬁé%éﬁﬁbm@ h{gtgod;?gﬁshrmnocr ystal by

the [err] <tmeetmf bwtret itlen I0BH awighld ovedyen ttheln (081] japis ofas fdyed i} tee 0 at ons as
descri ped i 4 Qreps fipplkingan %E@Fﬂ?"ﬁbﬁy,m the @regs drecinm adbqreatt 8h def Qrmat i on

differs, de e"[‘ﬁkﬁﬂa %lctéﬂgraét@rtstlcs of ¥hE I IM €r %ﬁafseﬁt'rhWFrorEQﬁe epapl e, changes
of the degrre@:ooﬁystsabmmrhﬁﬁom el Bdniparuturd Bn ﬁdrl’ilg epéddhoncieanges of [err]

keepi ng [erde];ret of @rlp?ztatmﬂeofsﬂhavml\’i) eyt rWéICB in ?Fré’eem@lé‘!eor med beyond

Lne "dggr cos CRRIE) <RANTAN T o AT HIR SRR EEAT L IBLE o ongat 1 on,
di d not havgreBionGE it QEléfﬁ'l 3 egocoe a;a¢5°eme { pHase an vvere al |

found by X-afaie dhafrixr m:rhccbhy tlteOE,c—onsnra;tsfoofxat@nrmlnearlydmucmcttlommlafl ly oriented
[err] 45 onebp E unidirectional or bidirectional -r phase was formed in the ensuing ¢,

45 Exagpl e B 5&:“ 0 e AP I Py e, e ‘E.J*‘ahféi%';t piege in the
formof a cihae i8forméd, ¥vi regiiltiva Foreration éﬂglltf-diﬁbeﬁmﬁfr(l\@p (ITOO) and
(1120). The té‘sw a@@éy idir¢rtipenl aA(M phe%pgl mum#eo oftaip apsdtrdpiy 5 i nut es.

The. phase. SHeGE BkR 3 s ’t‘:égf SoSEATURESORY way of X-ray
di ffragti omaniiiekin SR h@ﬁ &4 0°p 8,@?152 Qdammomeed a Juaj or part
of the phasxemmefrattxhermge;tof @B@’cm 8301(:5 atnm;toppl mgnema ba@edleumder pressure

and defornéﬁ?ga!tlce?hF’ Y edm E‘"\S it kg/[err] in a
i ecton EHEOIEL Y R M e e et <o LT (L

t he trgat edy esdarlpisae@xmmlemﬁswaamyﬁhedmnsadeeormhmmtoa:y sticx in the
55 pr essquedmﬂemmmnmm@re. up to 750°C.

=5 Br = 5309 Bttt v AL SIS (e BT The sare (e
pi ece was hﬁs b el WitﬁmQIfn éabyess thm@ Perpad of one hour,
when &3 anlﬁbtmoggcetmgmttcmass reiphiaediew, whiamthe mmnececmhat actesd stics: -

60 beyond t "qﬂwef-o"gg@e dessribedr I % d“z"‘g) ggtbﬁ 106 G Qe

degree o de?‘grma ion d not reach this
60 14 degree of saturation deformation.
14 1t was est aiak dedn &.be'fsh&iatlarndd'ﬂhfaﬁ@i i€ obfainéd b}G:aa:hlaﬁryg maguadbhsnscan be obt ai ned

by defdrm r% thé) enecgnisin atrtmrt %?:F@hed i Pg ?th v:ha e C - a¥d oy
consi sting %f ‘° nuf act ured by
the met hOdSbr&nfo zob al% sl andh b ﬂr&%ﬂ? Ged B0 B Bt 3. 5
deformati omcabrdmlysetd: dee ewfaiamrzewm defprniatﬁdnedxéfm depemding omsheof appli ed

pressuffe. su u é‘} rorgeaf o gﬁﬁé&;fﬁ@e .Fi‘gﬁé“‘ﬁhl di r &t i onal
[err](M phﬂ Tt e ortiha $§a&at@[§, od Rbreists tenper ature
and terrperlemgxgatimsdxagaltuavsdihpm‘a rteﬁtepmgmaub eharamistydsr@da:em essure of 40
kg/ [err] i rplitfpendsyrierayi ditfrastiqpntojepnsist of agaulti-Hisectiptally Eentefl 14M) appl i cati on
of pre‘?suré’h %t a tenperature of [err]. In this 10 operation, hafdly any
deformati on took place. Pr essuregﬁmlel gation was continued, with the

pressure furtrFecrmthnGJ(Masenbcu;taB ﬁée&rﬂestph@ elstform @@eutreéduced by 8% in

the direct |§g Lri%é@gﬁ{lglg,‘”ggy% ;’ﬂg@u&gﬁ%ﬁ?ﬂé *Y#He direction at
ri ght sngl Gns lo | diBabthoal whivle SISONeE TR theOl: Yphadignet s
char act er i stceupiedaf mdjbr part oftthe pliass bf the estepiedet This tebti mecp messlacael treat ment

un ressyrgiapd defi mﬁg |at a temperaturgmf 550°C, with a pressure of 35
shoved t hat ﬁe?lgﬁiq dl.rec':mn fg‘pen 1cular to (1100) p zgl)e The magnetic characteristics

of the treated test plece were measured. The magnetic characteristics in the
55 pressure direction were: 55

Br = 5300 G, ,Hc = 2200 Oe, (BH),,. = 4.1 x 10° G.Oe

€ value equiva

The same test piece was held at a temperature of 600°C for a further period of one
hour, when an anisotropic magnet was obtained, having magnetic
characteristics:—

60 Br = 5700 G, Hc = 2100 Oe, (BH),, = 5.2 x 10° G.Oe 60



orientation of the [err](M phase was effected, and the nagnetic
characteristic, in the preferred direction of magnetisation before applying
pressure, gave a val ue of {(BH—- reduced to 3.8-x-[err] G Ce. Se test piece
of S3 of Exanple 3 consisting of the nonocrystal in the [err](M 20

phase, after being tenpered, was again subjected to pressure, applying a
pressure 20Q-0f 40 kg/[err] in the direction parallel to the direction of
easy magngtisgtion, which was nearly at right angles to the initial
pressure {d{yeCtion, and at a tenperature of [err]. Rapid plastic

deformati @sul ted, reaching a saturatwgneo2simlar to that of Figurei1d.
The degree of reauct essure re N was - 277 ITEe Tne 25

el ongation in theby(jd}fgﬁgj &5“55 M} b sotét?é’éflgg_?%_?ﬁgo’b?’%gé‘gw bgln?t%‘(?? on was

as nmuch as 25 28%1n the dir‘ection parallel to the initial direction -

pressure, but only about 1% el ongati onE 6.ed | n anot her d| rection at
right anglesg thus, ac‘ﬁm OHQP’ gg“f’ e 53 l":‘.‘é wa su ?f{llgdent The
magneti c chaf act ok thiafosh £ Faited E {lre féi\&ft irbde %rfgﬁe pref ered

direction of magnet ns:at piede S,u:iiﬁmm ledd, Ic ns&ﬁng of the&finicﬁﬂeﬁﬂm
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The test piece of S,, of Example 4 and having two different 1.[001] axes, was
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The test piece after deformation as described was -examined by X-ray
55 diffraction, which showed diffraction lines from the r phase, 3-Mn phase and 55
AlMn(p) phase but the orientation of the r phase was barely apparent.
Widely different temperatures, pressures and degrees of deformation were
tried, but the tendency described above prevailed, and test pieces in the r phase
only could not be obtained, indicating lack of anisotropy. The effect is believed to
60 be due to the low stability of the ¢ phase and the 7 phase. It is a difficulty that in the 60
Mn—Al alloys, unlike the Mn—AI—C alloys, the T phase exists at above 530°C
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|l arel lar [err] \é\ﬁi {ﬁ ff'@mag‘t?admcﬂmws énylé{lh‘FeIP?‘?fé apg Hiefdanellan o

| anel | ar patter Lisidclsld 1€ 6 W ivEScu 1ty [ QxfapBt ely
right 10 angpege ntmulh t@’@Wxﬂﬂdn&cﬁ%ﬁ%ﬂtMoﬁﬁn rﬁey v ﬁuﬁg‘g{;@é wad al s. The
casting wad’ examuhmled !l.Q)a S)(:erQi 54 z/fnfm’,aattaltgnperaim Otﬁ@°@4 Tlferdimeq:gh | i nes
fromthe {err) PESRNLYS :cﬁzgu e RSt G rom hi s
casting, a cubicy P QI e 6
per pendi cul ar tOmhgmetlsgﬁmM amgndhtr aﬁglesono Othel Ipeessued wnauioncrystmhgnedidwe t est
pi ece was 2% chyrasieristics cis tmeasyrady in dha pressye d!FSCtK’g/ Vere fqund 3¢ bei t enper atr e
of [err]. The degree of =33 gduq_}cl oqsgfogh t h6CRs idlod he pressure
direction was found to rbe 365 59 o The't est’ gFeg a?ter def ormati on was
nonmagnetic, but V\/rierwnté gt c;alqsgg fhgrprepsure direstion Gndtngrarhlebmthﬁto an
ani sotropi ¢ magn§PVRg 3 She Pl cREe! SROBT PSRt e APFBFEC at ri ght
angles to the pressure [ rect ion. Its magnetic 20 characteri st ics,
as neasure@Sin the prd&rsu#d0dGy gikci-oR350/@e, e(Bld).md:N)xbl@‘ G.Oe, 20 Br 225800
G Hc = 1,500 Cg, ne.direction at rlght
angles to the pr%’gsfﬂraggtéﬁ de%‘ftfogr?té’ﬁ‘g‘ %glfs Tpfef)s“feh reg9%i ng direction of
t he col umar crystal [Baf-04,8500GeS3Her-€2,40000¢, nmgnm,u:emhamaa@w stics were: 25
Br = 4,300 [err]Hc = 2 350 Ce, (BH)[ : ! = 3 6 x [err] G Ce,

to
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the

4,750 [errpoHc =Ma&-4 ﬁédi’
shape castings V\Mr—@nzmdeca qut by hojdi dermsaturn f Mfﬁléth pP@snimftes3 b

Mh- Al - C al | oys, 8% e sareep Poapeltwellg e olidigglyti Cé‘. ¥ %l ven in
IR L G T
for 30 mngses, dnd thampsRiuillye oGlad hern tﬂnoteﬁipérhtuwa I830°n‘ta0a bdc&in@ﬁid(ﬂl&‘bl ut i ssn.

Cylindri cal testtop‘i5° 5‘,61"” 'W@Pféso ﬂ“ ﬁ*eg3‘é°§st| ngs.
Each test piece it ¢ é@chﬁ {;ﬁecﬁaltgﬁ t was
heated at a terfplai'aﬁltrwhﬁer@ éxlhx]m for2ts Kudé Sructhde lﬁil Gdh, Qﬁt&éua Iy

cool ed frombt hi smtceq:mvamdm@trm miiceescdpyaln test piexsk pht et:catpesxmnspéhrt% P, 35 t40

n ce lt lybil (l/
Corr i 11 e G ek SR e e om
[err] at a cooli &9ec'ia€ﬁ§ &n Qtf:st &itidns - P;, %nﬁ B[ 1A QEst PilebLsft €d to a
heat treatment ofontpesihesiohB, aatl P arhe tliamo]mhafwacboh‘:&ﬂ Ishdresfithesgolbilitye n
subj ect ed #d t hikmit, thc lamellar Mn,Al phase and/or similar face centred cubic phase was not 45
present. In test pieces of compositions Py and P, where the amount of carbon was in
excess of the value (1/3 Mn — 22.2)%/ separation of Al,C, occurred and the r, phase
and lamellar Mn,AIC, and/or similar face centred cubic phas was observed. In the
test piece of compaosition P,, the 3-Mn phase, and in the test piece of composition
50 P,, the AIMn(y) phase, were respectively found existing in a substantial amount. In 50
the test piece of composition Py, the AlMn(y) phase was faintly observed.
These test specimens were subjected respectively to the following
deformation at raised temperature.
A test piece of composition P, was pressed under a pressure of 50 kg/mm? in
S5 the axial direction of the cylmder, at a temperature of 680°C, which produced a 55
deformation of — 25%; in the pressure direction. After th:s deformation step
numerous cracks were found to be developing in the test piece, and its magnetic
characteristic greatly declined. Before deformation the test piece had a value
(BH) e = 0.6 x 10° G.Oe; after deformation it has the characteristics:




heat treatment was examined for its phase structure, by X-ray diffraction,
optical 40 m croscopy and el ectron mcroscopy. In test pieces of the
conpositions of [err] to [err] 40 containing carbon in excess of its

solubility limt (1/10 Mn - 6.6)% the lanellar [err] phase and/or simlar
face centred cubic phase was clearly apparent especially in test pieces of
conpositions [err] and [err]. In test pieces of conpositions of | ~and
[err] where the ampunt. of carbon fell short of the solubility 45/ :

the lanellar MAIC phase and/or simlar face centred cubic phase#%
45 presgpt. In test pieces of compggidobons [err] and [err] wher e (9 e anount
of car [err]

occurred and the [Brr]igA&Se di=1"9HEFr éPHPr@rT]“ *arR&FbPesr nmlar face centred
cubi ¢ phas t nfhedB9 RS bifeRbod £1ar ], the
[err]-M ph %ﬁgﬁﬁfﬁ%ﬂfgg&%e&&etﬁgg&“ﬁﬁgmm%sz@?nt ~Hpart from aP, the Al Mh(y)
phase, vveresme&(g@cltmvét ainingrrcbhesei Additigpal mmaerma@srtamiwt ﬁﬁiﬁl!nt I 50 the
test piSece GRUSELAPEHCT GRS By PEBUEYLChATARACEISHCS nhase was faintly obsetved.
These test speci mens were subjected respectively to the foll ow ng

deformati on at raised tenperature. TABLkeSt pi ece of conposition [err] was
pressed under a pressure of 50 kg/[err]in 55 the axial direction of the
cylinder, at a tenperdture pf MarrJ] Vdil Ch prco‘cn’%ed a 55 deformation of -

25%in the pressure dijectipn_Aftel thisideforngti on step numerous cracks
were found to be devellopgiing| i ?-%he {eXt*pilect? and its magnetic
characteristic greatly dgcl nmjn Be orvessdef ay.pmt ifon the test piece had a
value (BH)[err] = 0.6 xllerr] Oe;{after |{deformgtion it has the
characteristics: 19 F 73.44 25.51 1.05 1,473, 002

19 Br = 1,700 G [err]i 270D €36 (B)deesor]] =1.8% 3 |x [err] G Ce indicating it
to be isotropic. This jtest piece wap examjned by |X-ray diffraction and

| arge anounts of the [erPrS]- 7]p‘l‘i’ase ald3Al l\/h’(ﬁ/“) phase were apparent, apart
froma smal | amount of| rema] ngg [ ef rdo.;ehaseg.40Addi tional tenpering heat
treatnment nerely 5 caused a fufther declinel]in magnetic
characteristics. TABLH 3710 67:8 supj¥cted tH% hils treatnment was found to
disintegrate, and its | wpy| gfp&ul es 26143 ghowed Barely any magnetism as a
per manent nmagnet was ught near tp it, This sarne test piece was exam ned
by X-ray diffraction, blaj)dn P 1 phadt®™ds btétedted, only the AlMh([err])
phase and [err]- M phase LK vvas consrdered that this was due to the fact
that its deconposition fromthe [err] phase to the AI M(y) phase and

[err][-M pha %ﬁriet plgcek ‘;ﬁ%ﬁ, aéduwgre HRAten B ata‘i‘ el evat ed
tenper at ure A5 e SREE oF i %rst_swe@ﬁ% H&e plecded above. A
test piece os‘ubjeaammnms &aatine:rtrs}aswamdsw biigmegeke] andiitcnmpy gemue defior mati on

using a pres@gwedhﬁrelwngﬁ qtisn a A tmsnehgasd)w ht@ﬂt{({!ﬂbh of the
cylinder at V‘)YQS 3;,“3; f@&’fﬁﬁ igffhé)f -40% This
test piece S composnﬂm brre M@@) asdBBENTh pirbkd On i n the
di rect t®n ofwastascedhrancbbsetrhlsmtormdten aQﬂe\rmgmenpecat as mcbecassofithss f oudd i n

this drrectr’(’Jrfe Fé°8‘i"fF il?‘f‘ etig gcharacteristics were not

o

€Ce 1on

t
i nproved by erhgaaﬁbirrewko ‘r’rsrb.e'ﬁ,sphgd b o g ndlon’ ol ected to
this defor rraﬁcmpcramasofemmm @cyhailén of —40% OTHis ted pietshomet] the [err]

phase #s fou slirgetion p '%ﬁe lsﬁlpﬁ;ﬂc}mﬂ@ difejqtian Pfslts diameter usrihg der €8 t o have
m.litated ag‘&?gr% f 85'@??5—:5 un EEINEYSTe °¥¥ar act eri stics. A test piece

of conposition [ersd»asoes; rjHted 1500 ae,de¢BHERE 01.0650f G.be degree of

extrusi on bej ng expre sed as. t he percent decre e of sectional area of
the Cest or dimmgithy S i dess I ERORT 1, A SR er 1) s
' 4

used, appli ffia@tr&nhﬂl -Mn asdfohe& tpre@an 2@t RS o at 35
tenperature @hsx@eedt}: ha\?éhmhtaeﬂiag semprmiupreof el ma tit dramcternsms on was found
to be an excel [Ateft PigsE 9tk ?l%onr&eg eax triyfiadiio ad of p17e ghe degree of

extrusion being expressed as the p nfage decrease sectronal area of the test

piece, before and after extrusion. A pressure of 40 kg/mm’ was used, applied in the

30 axial direction of the cylinder, at a temperature of 720°C. The test piece subjected 30
to extrusion was found to be an excellent anisotropic magnet with a preferred
direction of magnetisation in the extruding direction, that is, along the axis of the
cylindrical test piece. The magnetic characteristics in the preferred direction of
magnetisation were:

35 Br = 6,100 G, ,Hc = 2,200 Oe, (BH),,, = 5.5 x 10° G.Oe 35



direction of magnetisation in the extruding direction, that is, along the
axis of the cylindrical test piece. The nagnetic characteristics in the
preferred direction of magnetisation were: 35 _ ___ __ [err] 20
1,473,002 20 The test piece subjected to
extrusion was examned as to its phase structure by X- ray diffraction and
optical mcroscopic observation. It was found to be in the [err] phase and
the | anel+ar [err] phase, with a streak pattern of the lanellar M3AIC
phase ngarliy parallel to the extruding direction. Another test piece of 5
conposi fﬂ was subj ected to conpre§§tﬂﬁaby applying a pressure of 545

kg/[err
produce a deforr’rﬁf1 f‘%‘?\@?sr"éﬁm ?dr ¥Ksati on of

str 1§
1cTTlm1c l q
e spect o o1 TR A SNl ar VB P ”%}%Eﬁfna,help:crecu on
W th magnetic chMmAlCeshast neatly pﬂt@llel to the extrudmg de!cuen fest pidde of 2, OO
Ce, (BH[erf] = gomp 'ePr as @ubigsted to compression by applytn Amsxre |4éb@!m
conposi tion [err ?, 3ot ﬁ’ﬁgﬂf f&ﬁﬁ?’% é}tﬁ&«c é‘g‘ﬁf’gﬂ Q@ "B‘?ﬁ%ure of 45
kg/[err] in the efmﬁaﬁ’lb@nw {5Cb@%h Stho! didhrat 1ﬂeﬂ I [ widht fefit, to

produce a def or mehargierisfics: 65% The preferred direction of magnetisation of

h ' f d ' ,
char act or | obi co: 15 Br 24906 &' S0 Bl @by ¥ ST TERE. ' (g or) -

4.6 x[err] G Ce A test pxece of conib'f)snﬁori Sias PitGREdQb cOBproRids ivy iapplyill a Was

subj ected to ext Pmﬁum mrté S°f0h lindeo, at $B0tGrdo di rect i on
al ong the axis ofi i T ﬁ‘: R SRR B et rusi on
of 65% The preferre di rectlon o magnet 1 sati on e extru speC| men
was in the Wirection oBr eﬁ%&ﬂ,onﬁcwlmmgn@ﬂi)ﬁ. 2@6 x 10°ch@eact eri sti c¥:

20 Br = 5,850 G SHR

tes i ece of
conmposi tion P. vasSuf] d%iéffﬂﬁ&m‘é%f%iwyﬁb °éf]f’s ¢ 3 ““332?’@5% o

extrusion in theptide®ck degiee af extrgsiénof 6551 The @ efdrhed&ydtmmdﬂﬁagnasatﬁﬁlaf and t he
t enper at ur e, of exier extiud vsascuvepr iwagl lm £ dltveuqnangexmsncaoom MegBEo’ C. Jpol e
6 25 stHBws t AATPM™H9on bet ween the extrusion tenperature and the

magnetic properties 2Bri5$506G,prHt er 2,550 Gb r(8EM,[,00 5Tfx MA@ISE | sation. At
extrusion tenperatures bel ow 500"C, as in Exanple 4, the test pi ece had
little plasticity;. éxtt’ﬁf wsmf opitigrs P ‘EHStsubnm t@@ﬂ@lx podduce acks was

mar ked, and the[’ r§§j§ &J“&n g%ﬁﬂéhm of;g’é‘ fs%gin eratures

above 8301Q5al 305 ﬂfe&ﬂﬁtidﬁg)e ea.smbemhmom;)sﬁ andithdm

formati on, and f &i thgrmefmed)é@@nen af imagaetistion.. A{ exttusien It turf:s below USi on

30 tenperatures SEOP mplsch Eggvt@kea ?‘l*@ﬁ “lf st'l(;ﬁ“b’ é'!fﬁc“}&ére

obt ai ned WI t h (Bifpic. §§ovc 8181 dec 'Ea i e

Br © formatioBaH@Xfaflfel-)to become ams6 pic. In t ge of G Ce)o 500
2,700 1 400 temperatures.of 53 @o 830°C, excelled aBS@ropic magn@s@ere obtamed ﬁxtl() 630

6, 050 2,150 (BH)uy in excgss pE$8 x 10°G.0e. g (0 2,100 5.5 830

5, 500 2, 000 4.8 850 2,550 950 0.7 A test

pi ece of conposition P6 was subjected &Qgg@6extrusion using a pressure 35
of 40 kg/mMm®2 and applied in the dlrectlon along the axis of the cylinder,

at a 35 tenperature of fEP-E—to ar3ide-exrusten—yhe test piece
subj ected to this workinf s eh@\@?d“the a;l ow r@e)mai Eﬂ%mypa acteristics in
the direction of S

500 2,700 | 1,400

530 5850 | 2,050 5.0

630 6,050 | 2,150 5.6

730 6,000 | 2,100 5.5

830 5,500 | 2,000 4.8

850 2,550 950 0.7

A test plece of composition Py was subjected to an extrusion using a Jn-essure
35 of 40 kg/mm® and applied in the direction along the axis of the cylinder, at a 35
temperature of 700°C, to froduce a 317 extrusion. The test piece subjected to this
working showed the fo lowing magnetic characteristics in the direction of

extrusion:



extrusion: 21 1,473, 002
21 Br = 4,350 G ,Hc =1,600 Ce, (BH.,1 2.4 x 106 G Ce This test piece,
subjected to extrusion, was further subjiected to extrusion by applying a

pressure of 25 kg/mm2 in the sane direction, at a tenperature of 700'C, to
produce a degree of extrusion of 25% The nmagnetic characteristics 5

in the direction of extrusion were: N
5 Br=5700 G 3Hc = 1,950 Ce (BHnu, =5.0 x 106 G Ce A test pi ;29
conposi tion P. was subjected to extrusion by applying a pressurelor 4

kg/ mm ln t he di rectlon of the ax1$73@62the cylinder, at a tenperature of
7800C, +oypt+otuece—a—degree—of—extTusTom of 509 OT e Test pl ece subjected
to 10 ext r usiBsre 4810€k sHeev bFWIRY B ke 4rat®1§-Oser pendi cul ar to the
di rection ofhis tdt piete; lssbjmmd thhextrovigm otas durtiva setgecedi @thcrsswmbt he direction
of extrusio plyj dan@ 25tkﬂém f*éf&ler??%}ﬂl gion; gnd éﬁ*ﬁ‘ﬂ?ﬁghﬁp sation were:

Br = 2,750 i B Q{I o © hfd%agefttﬁec REEETDi ece sof
conp03|t|on was su Jecte to co ression b lying a 15 pressure
of 50 kg/ m® |n t Be=Pe& i e ofl 9t5P|é’ea>(P§)nef gﬂ yG-Pder, at a tenperature
15 of 750'C, ta tqsst pituc of 8o mee Pofwadelibammdtuocmtrwom%%Pl)@z the test piece

subj ected t '@s’§ dn j}& A “}!}fﬁﬂﬁgral direction,
SCEe e IR e S AN
be in the de@dEbs dhe tagmeeit blﬁu?ac istida mﬁheﬂi‘recpbmcfe)&trumdnharﬂl&gmtmC

char act er i sthe @seferpg direction of magnetisgjon-weze:300 G, 3Hc = 1, 800 Ce, (BHm = 2.1

x 106 G Ce Br = 2,750 G2QHEhi $,700e0¢ (BH)gs = EhewetiGAesC3 separated in it,

and after sevexadst fRysSofRebsitd Iiwak E\Ib%feattecoxﬁpr'éﬁﬁh bplapslEingd conposi tion
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(e}

the di rect|®fr7 OTC, tarsodies 3degreero Veld& He dlamet th’otnﬁajgﬁﬁ e a degree of
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nmagnetypCc charact egj st3ig6¢ G, BlH=3,8000G (BHYC, =21, /08 e (BH),,. =0l.9 x 106
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test pi ecesapnlyntgmmp#saseafdﬁ kFm(i¥hin sth(ﬂmctlonsm tieexaxés| df diret Cyplldfs,taltm ty in the

t'enper at ur 7903 g gdyes 5 degre '-‘o°f§3’§ 3 !ﬂl wg?;é‘fo@m e < ﬁfﬁ?jfopl c,by the

ditdet %tv%%& éwéﬁgﬁaérﬁnc | €ces Thus yie

def or M8t i ong;

ani sotropic nmagnegs ent et char ol cs. On the other
hand, when the Iamal'c§ 0@;{7“2” 7'68% dB 1364 Gk st Ri eces or when
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the renai nd&t | cord iy ﬁg:é% tYoplcOmahbis & s r;et't%sa-{y {Mse phase wi thin
such COWDOSbém@Bme% B@W:ﬂurﬁthp a’:h§§s|o$ mm(avao Mail-s&6je/ttenperature in
t he ratige ofl/HMO pyefwltlhwekmrthpsna Sto 7 ég¢ee of040 to
S el
characteri Sﬁéf@%atyxgﬁ)ﬁt Péé‘mimn er Hthel dAnR>HES w1tl45 G Ce.

Fur t her nor eexttusien e ahdugreeadf 49t toehd Hhmasuareohnaburmc d@trmtsrﬁaatvc on showed a
Stes,
mar ket npr gﬂﬁ& l@ﬂ?&ﬁ@?&fﬁe’?&?&ﬂgﬂ 5 r@mﬁl@%@dsureg%t%fo?%ag% Ehéc;Q/ Exaﬁi)l e 12.

a marked improvement, and also the machinability was excellent.

Example 12.
From a casting similar to that of Example 11 of composition Py, a cylindrical
50 test piece 20 mm in diameter x 35 mm long was cut. The test piece was held at a 50
temperature of 1,000°C for 5 hours, and was then cooled to 835°C at a cooling rate
of 10°C/min. It was then further quenched from this temperature at a cooling rate
of 300° to 3,000°C/min. The test piece was held at 500°C for 10 minutes, and it was
confirmed by X-ray diffraction and optical microscopic observation of its phase
55 structure that about 70% was the ¢(M) phase, and the remainder the (M) phase 55
This test piece was extruded by applying a pressure of 40 kg/mm* in the
direction of the axis of the cylinder, at a temperature of 730°C to produce a degree
of extrusion of 40%,. The magnetic characteristics in the direction of extrusion of :
the test piece, after being extruded were found low, and the existence of the ¢,



Froma casting simlar to that of Exanple 11 of conmposition P., a
cylindrical 50 test piece 20 mmin dianeter x 35 mm |l ong was cut. The
test piece was held at a 50 tenperature of 1,000C for 5 hours, and was .
then cooled to 835C at a cooling rate of 10C mn. It was then further
guenched fromthis tenperature at a cooling rate of 300 to 3,000C/ mn. The
test piece was held at 500C for 10 mnutes, and it was confirmed by X-ray
diffraction and optical mcroscopic observation of its phase 55

structurg that about 70% was the E (M phase and the renai nder the TJ(M

pha 9 1he t- (V] 3 L

— g;z | s L M@" £I88 in the
direction of extrysy oacafemt agh@fcl dahéaensnas‘temh g B&f@?&ﬁr gedionese found
| ow, and t he_ exi shagnetiatidn in lite afigl direct{dR. The magnetlc characteristics in the preferred
1, 473, 002 5 direction of magnetisation were: phase was established by
X-ray diffraction. The Bres6.2¥l €ceastitas Z;BQQOher(BHh.npeﬁéd W Ga0' C for 2
hours, and in thiThewes pietdaden vemshighvinachasical amergth &digbapmachimabjtigtafted very
excel | ent magnet i etrasien: &tvingvElyes eqyal tior higherghart dpsceabtained de Examplod 1.
magneti sation in its axial direction gﬁﬁn jagnetic characteristics in the
preferred 510 di rmﬂhltﬁbaa{ngrmgm;ﬂesatdfganwmn P,, a cylindrical test piece of 10
5 Br = 6,200 G lf)m ifong véis Quix 119 l@lcba adtespembire pf ece had
a very hi gh rrechatHS@a‘F f%‘ cj\{;ﬂﬂf Tl uenghed feam thisi on,

civeny valbes equai“"i{é“:iieif.é‘ q'azf“fg“"fh““° O ety ol
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cylindrical test |7é%° %pro leezcsiearm weefé%% ‘3&5’@ Mq ltmgss | t
was held at a tenfEFARARTEe i‘ioi%‘,b“ﬁm‘p%‘ ?éﬁ?éqo C ﬁiﬁﬁnooooc

and then quenchedpitdepaftdry eﬂug (PR usrﬁuﬂi todbeCRQ wg;;ma&ammﬁhe émnge 300
to 3,0000C/ 120n. Tmmmambypxeuedlfftanthnhe E ?hase after bei n quenched, v¥s

extruded by applyj ggfﬁst‘lg‘s“ﬁ;“t {i%ec"gon %Og'igg% P?P'i ed‘Pi‘ge‘E‘E‘i on of
the axis of the ¢ a % roduce a degree
of extrusion of 4%% | t g‘fz {‘fat %gf’t \%@‘ l(*g;aﬁ the J

di | opic
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test piece, afterth thoge ebtdinedcie Exanples Floandd 2to e in the E phase and EC

phase, on 20 exam nation by X-ray diff 6\ tion.
20 pfter tempering {sigm il | Ssittond'O.Ub B, aslehen HAUREL! ©
charact eri stacs, dylindrie@ tese isE BAstEIONS rﬂilﬁldriligg«@i& A s?ﬂe <Dt pidces 5, 200
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in the direction % cobling s SRE A e ﬁgtéhp\‘.ﬁﬁﬁl"e ol
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deformation at raised temperature as described hereinafter, and then further
subjected to tempermg approprlate to the respective test pieces.
A test piece of composition P, was extruded by applying a pressure of 50

55 kg/mm? in the direction of the axis of the ¢ _ﬁnder, at a temperature of 630'C, to 55
produce a degree of extrusion of 407,. The test piece after such extrusion -
disintegrated into fragments of 0.5 to 2 mm, the original shape being lost. From a
larger fragment a | mm cube was cut and further tempered at S00°C for 30
minutes. Measurements of its magnetic characteristics showed it to be isotropic,

60 giving the following magnetic values: 60

Br = 1,200 G, Hc = 400 Oe, (BH),, = 0.1 x 10° G.Oe



phase, but the test pieces of conpositions P. and P2, containing carbon

falling 40 short of this solubility [imt, the lanellar M3AIC phase
and/or simlar face centred 40 cubic phase was not detected—The-test-.

ot ot Cur

pi eces of conpositions P. and P, containing carbon in excess of (1/3 M -
22.2)% the existence of Al14C3, as well as the E, phase and the |anel|lar

Mh3Al C phase and/or simlar face centred cubi c phase was observed-.In the
test piece of composition P,, the presence of the /3 - M phase, and
in the test piece of conposition P., the presence of the Al M(y) e,

were 43 nar ked. The test piece (bml;@ﬁ‘posmlon P. was found to Rave a snmall

anount—of e & ARGy and the /3 -
i phase. e e AU St Qenfl AR LA S0 L1512,

res pect-l veI phafbf. Tmhs comstdlaaseq beAlue td\he fabietb® degnanpodifidn thas@stem sted in
adm xt jt aE t%t% a%%*t%ﬁﬁané ¢p- Mﬂat%%tedcgm eraipq by the s

50 These t e PEXombleSRl B Reidr¥s! y subj ected
to the defog { 1chﬁbr§%ﬁ SNt tyliRdeast ggg%&ﬂ Bl?ﬁmom nafter, and*
then furt heprosucbjaelegredofédefom rot' H /a ctvpirs%@t,elfttetbe!méom edtive test

o eces A BN ':gf o Hﬁ? B B A o cpressure

of 50 aln@ haé! Thi astc kader ,
tenperatureb@aueﬁsﬂne ctt:lmd nqpbmdmcfﬂmathdeghﬂet(xﬁle A}Mm(u)snh@w a0f 40% O The

test piece AFtMn pbepetw xcqel;sqtqsinb ckhs idefo re u”tf of 0.5 to 2
' he"ort g ARG ey D8 LB g9 " e v
cut and furg%@tce @raagee HOL5834) Oh nhié 2o pileasaeceing s of its
magneti c cheamessr.rdl. atsmaE nainbweuﬂ cntcks: wergaletesedt inoi PI d!ain@l directi 911 ving the
fol | owi ng mgce qssgl (@ es:l:rrlse showmitsl;)glht ma n;tlsm Apr:l% ter;xgeanlrgg cttl::)snt St 60 Br =
i— 200 2@ agne 1tsz tral ’d_lr ti fg &‘cchara rlstlch[vere low: ; thzo { ost
ion o is tes
pi ece by X-ray dl?;fratt %’1 é%c_lmoe H %% 508

na N f‘in the/-thphase
and (e’ LGB eyt Pavnprehteoated il - T O
consi der ed luwtot eaiix{prdvhﬂbmdeaﬁgms icharaqteristiaén t he E phase and
t he T 2shase t oAtt#se pﬁb is®e Papas ¢xtrudgdl by auplyf B RIogpES %é@el erdded by
the > l%llnuce,rf‘at ?reﬁeo gntt?usxoigsg}ém??a??ﬁ a;tgtrg eﬁggiﬁr ded, was
5 A test pi E,gfl%mgﬁb e SweRD e didins éfbby Medidksa pressure of
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diect [on 2oy LA e BT AR sm A or

t enper ing tbgagle isibn ReREE at t he test pi ece showed a
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ar

but the magnet ter| s = 1, 400
Ce, (BH),,, of moi“?p‘% 5 e"fzﬁfwaslfigﬁm s '°ﬁaﬁo.td § ifezd ég’gg’&%fter havi ng
been conpr esgmderadid t xﬂﬁmﬁxedfﬁhtm/adtertembmdgaheaeapieeﬁegéﬂamm of the /3 -
Mh phak, ah'dlri, fitiwas ﬁ@@&‘k@ﬁﬂ@@ee‘x itsiprelerrrd dirgetion oEmeggetisgtiendde i npo ovenent
in magneti ctherifestianatiextrysion. Its gharacteristics were; o o ¢ rFPﬁQece of conposition P. was

extruded by appl yBhg 625pCesstif & 2100 4% ("Zﬁm-kg/6 ¥5-Ofe direction of the
axi s of the cylindgy, 2L ¢X0b STPEAL BB60 OF, BHARK, 00.92

A test piece of composition P, was extruded to produce a degree of extrusion
55 of 40%, in t%e direction of the axis of the cylinder, at temperatures varied in the 55
range of 500°C to 850°C. Table 7 shows the magnetic characteristics in the
direction of extrusion measured after tempering the test piece following extrusion,
for the different working temperature. With a temperature of deformation below
500°C, there was little plasticity, as in Examples 4 and 11. This posed difficulty in
60 extrusion; there was marked development of cracks, and tempering did not render 60




produce a degree of extrusion of 50% The test piece, after being extruded,
was exam ned by X-ray diffraction which showed the existence of the E
phase, _besides the M3AI C phase. The.nmagnetic characteristics of this test

piece, in the direction 30 of extrusion and neasured after tenpering it
at 5501C for 10 hours, were found to 30 be: Br = 6,400 G *Hc = 2,550 Ce,
(BH).. = 6.2 x 10' G O The test piece was a very excellent anisotropic
magnet w its preferred direction of nagnetisation in the direction of
extrusi qﬁ he phase structure of this 35 test piece was exam ned by
X-ray dif aii on and optical mcroscopld’3d8servation, 35 and was foudAd to
be in th

. phasg_and the L t 1BER @k t he
llamel | ar M3A C pib’a\rgcsé)nff il Bﬁl\a(gfmeang?ﬁgﬁ%gi gﬁtgﬁggﬁz%tgéﬁ d’r%gg%riiﬁgl{;llﬁfthéx'[ rusi on
was al so obser vediemperatasd rqmgescel 530° aorf3oie], tanoncmnmsougmprre%sedwmt o
produce a degree gr )4Qin °x°°ls g bt welffi GiPeores ohBipd.3y oS ASE TR O e S ur e @f
45 kg/ nm2 i the F?g‘c'?’faBW the 40 axis of the cylinder, at a
tenperature of 6500C. After being conpregs 7the test piece was tenpered at
600" C for 3 hours, and its nagnetic characieristics were nmeasured. It was
an ani sotropic rragnet__w_t.h_J_Ls_p.t.eiJ;u d direction nagnetisation in its

di ametral direction. | Pgmipagimeertrchar het Br i sti gdici n B8k ef ef r ed

direction of 45 magnet i‘Sati on weref B9 = 5 300 G (3%0'062 6500 Ce, (BH).
= 4.7 x 10" G Ce 500 45 A [ e€3h000! ¢Caey  Lonpesitiop P. was
extruded, to produce a degr ee of extrugion of |50% by pl y| ng a pressure
of 45 kglmmi in the [directi*3h of the aki $%%¥f {hd®¥Fl)n g' t enper at ur e
of 630" C. After ten'ﬁ{grl ng he test pieceqsdo 550260 of 29_350 hours, it
was an ani sotropic gnet with its preferred ¢lirectipn of nmagnetisation in
50 the direction of |extrusi’®h. Its ch raéﬂ@ri ti28%® wereb.1Br = B, 250 G 3Hc
= 2,500 Ce, (BH) . 4 6.3 xg3p" G Ce 4, sfhee]= 26800 G5 1Hc 5 2,800 Ce,
Br/4,irl,0,= = 0.92 |A test piece of copositipn P. s extruded to produce
a degree of extrusion 55 80 of 40%:i tHéDOdl ed8i%n| of 1€he axjs of the
cylinder, at tenperalures varied in range o 500C. Tabl e

7 shows the magnetic characteristics i n the direction of extrusion neasured
after tenpering the n‘}@étpl eéeommmwr t“ldEfisiOml\Od“f‘-m dqgtwe OﬂwlT“é ©nt
wor ki ng t enper at u%@nd;\ﬁﬁ ﬁé@‘gfﬁé’ %? %g :@%fz’ob i Z’Eﬁg % t here
was little pbasti@sthen aaanikdir &asvit 1t§1ﬁxdfe iddxe tién T@@RE ty ijp 60
extrusi on; there dinstiormeflestusibayid apretid chafacterigickin thaa diectiempereifougpdde d not
render 60 JgQpe24 1, 473, 002

24 it anisotropic. At t8npesPEhesHabovie0 880 (B Duixt= §howdt GPeni ni shi ng

pl asti ci ty, W th conmrm ﬁxeuatofdﬁmbmmm,rvtas ecfm ésﬁﬂkﬁ,adag‘rde éfatefoertlation obecone
ani sotropi c.!3In th@f m*mm @resyl 455:0 adB%'O Oféh? aiscd|thent 15

ani sot ropi ¢ magnefy\ (“ggg‘%?fg;";’y ln g 3 @et & ¥@bt ai ned,
at | ower degrees Q&feﬁ%a Iditsd¢tidn JF magnetlsaﬁ aiﬂ tlhEl isﬁlre%ﬂmn TABhkgnétief or m ng
t enper at ure charggteristics, howeRiriGvere low: (BH) max ( OC) (G
(Ce) (4@6 G Ce) 500Br =1,950 G, zHc = 1,050 2¢0QBH),,, = 012000 G.0e 1.0 530 20
6000 1950 A 55 63(f) P 6300 )4 fd2f450 ; 6.3
730 g:fgﬂece of com ggp s Was cor@rg_ss egree of deformation of 570Q
applying a ressure o mm’ in t ction of the, a t

2000 5.1 8§ ndery atpal.) g::mgperefture of 73 fter being 325 ssed the tes- Ei é; E.?St pi ece
of conposition P6tevipsreext 510A€ dort G)hqmrs)dmta veas dixgr aneanibtrepid magicORith its

25 preferred direction of magnetisation in the d:ametral direction. Its magnetic 25

characteristics, however, were low:
Br = 3,350 G, ,Hc = 1,900 Oe, (BH),,, = 1.7 x 10° G.Oe

This test piece began to disintegrate after several days.
A test piece o %composmon P, was extruded to groduce a degree of extrusion
30 of 319, by applying a pressure of 55 kg/mm’ at 780°C in the direction of the axis of 30
the cylinder. After being extruded the test piece showed lamellar cracks
perpendicular to the direction of extrusion. After tempering this alloy at 600°C for
4 hours, it was an anisotropic magnet with its preferred direction of magnetisation
in the extrusion direction, but its magnetic characteristics were found to be low:

35 Br = 3,700 G, ,Hc = 2,200 Oe, (BH),,. = 2.1 x 10° G.Oe 35

This test piece also began to disintegrate after several days.

Disc shapped test pieces were cut from the test pieces having the magnetic
characteristics mentioned, with the preferred direction of magnetisation in the
direction parallel to the major disc surfaces, and the magnetic torques were

40 measured. Every test piece gave a unidirectional magnetic torque curve, the 40



of 31 % by applying a pressure of 40 kg/m®? in the direction of the axis of
the cylinder, at 650'C. After being extruded, it was tenpered at 620" C for

direction of nmagnetisation in the 10 direction of extrusi on. Its magnetl o
characteristics in that direction were found to be: Br = 6,300 G *
2,150 Ce, (BH), = 5.3 x 106 G Ce A test piece of corrp05|t|on P,
conpressed to a degree of deformation of 15 -35% by applyi
pressure of 45 kg/mm®2 in the direction of the axis of the 15
at a tegperature of 800 C After hehinge corrpressed t he test pi ecezsnas

t enper ed—at gner with its

oot e o 4La I KA LI T T SR (B 11

magnet i-c ChﬁYrﬁWm’Stbt 7, HON& Y tal oﬂ\Eia@p eOWall test pieces gave high Br = 1, 950 G

3Hc = 050d@gees() :w1@ rtiog ab_qyga@u@6 In particular, the test piece with A t est pi ece
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direction. Lhssactagfiaiweee obtained rdlefb'i‘rhﬂﬁ)n al &vsed/&mpewe ow. Br =

3,350 G 3Hfollawad @Oém eﬂﬂlpleﬁz emmxth@d@re formgtionDece began to
G e e @xét:'%f SRR S e
he e,

eXtrUdl d toipk &i\ﬂt ﬁgﬁl%e ?ﬁEt’él‘iﬁic@dﬂ't stplecelﬁ appl y| ng a
pressure of gsén hadgi mmﬁledtl 780C | n the di rectl on of the axis_ of 30 the

cyl i nder . é)@ﬁi“& g cracks
oot perg e e el A e 0 oy

600C for Ifm:umge of tMMAES a:n72a§‘)4 noerc mgne@lBVMhh D5y, pndther r e Oi recti on
of magneti septmamdel Al éwtqog@tlw smcrgtgétarmslﬁlr)bm Q:grttrhan Bt

characteris w%o% 1 e h@% @z%}nﬂ ay of extn;'.ﬁs%on w1(t£ g? 700 G’ THe =

2,200 e, ( Busion oF30 stren th and machmablhty 'te'i1afse$t i ece al so
began to di gieassn raﬂtce shfet deforgration adndd ssequc[ntstem dri pevdret astabiyi eces were cut

fromthe teglflpl‘% e r%raégrfe \g?lﬁgg ?’)(ﬁ# I:arsa 1eces havm = L ert an4 MI oned, with
the prefer r eodiob@ QﬂhQ bcﬂ}@%ﬁ &1 Gicte Réhsited,al l el to the
maj or 3 SC st ilagaes;/alﬁm@reta than netxl m’ ayare uﬁSn wen 61e4€ht piecesMBASUr egh Ever y

test piece §wwed ahmhmrv@f@nmwy rAlgYeeet a0 ?f@Ib@]‘!]@ degprdglinedraheve. 40 25
1,473,002 25 torques falling within the

range of 0.63 Ma, At 4@ Kstdrtng ame@fpﬁrsr&fou@ﬂph@&aiaﬁa mell€d Qg@ﬁ@e of
ani sot r opy atsabbhtel,ﬂfsa‘tti tor<30rrmrmas,t blectaumgtd::c carbort to mdne‘uliba wetsof 1. 07 + 101

S

ﬂyne- éﬁVcnz Tﬂrs t‘e %ol oslﬂi(!)n o cas thus m?’g gsnr?)u da%y c}’xemlcal pi e¥es gave

i gh degreegmégmqagﬁ $od"aboveabout®d n particular, the
test piece with 5 : 6. x 10" GCe and obtai ned by extruding an
all oy of the P. conp05|t|on 5 was found to have a magnetic torque of 0.86
x 10" dyne-cm cnB, and excellent orientation, and was therefore an
ani sotropi ¢ nagnet with a very high degree of anisotropy. The above
descri bed exanples indicate that the Mi-A -C all oys having the 10 E(M
phase showed excellent plasticity in the tenperature range of 5300 to
8300C, 10 and fromthese alloys, anisotropic magnets havi ng excel | ent
magneti c characteristics were obtained by a process of deformation at

rai sed tenperature, followed by tenpering. Wth the exanples given, with a
degree of deformation 20 to 30%.|ess than that used in Exanple 11,
ani sotropi ¢ magnets coul d be obtai ned 15 havi ng magnetic
characteristics equal or 10 to 20% superior to those of Exanple . 15 11,
conpared with the magnetic characteristics of the test piece in the T.(M
phase,



given in Exanple 11. Accordingly, it again appears that good ani sotropic
magnets can be obtai ned which have a conposition falling within the range
of Mn 68.0 to 73.0% C (1/10 Mh 20 . - 6.6)%to (1/3 M -_22.2)% and the
remai nder Al, and preferably those within 20 the range of M 70.5 to
72.3% C (1/10 Mh - 6.6) to (1/3 M1 - 22.2)% and the remai nder A, when the
conditions specified are observed. Anisotropic nmagnets having such

excel | ent, magnetic characteristics as (BH),,, greater than 5.2 x 10 G Ce
wer e obt ed, wi th deformation, by way of extrusion, with a degree of 25
ext rusi gf 280 to 50% The nmechanical simemdth and machinability of the
mat er i al T t

re
not abl y

wproved, reaching val ues equal T&LHétter than those of Exarrpi es

11, 12 and 13. The magnetic torques of the test pieces having (BH m hi.gher
than 4.8 x 10' G Oe, obt piSaedle Nn. tihe Mb%bve |neM oned Bxanpl ps 11, 12, 13,
14, were nmeasured, 30 ang—at T [gaggEsyvat e, greatgr g33am p. 43 x 10
dyne-cmcnB. Al the tesf pieces tfhus 30 gshowed a i gh degfee of
ani sotropy, above a ratip of? about| 05435 as|déti®hed gbdv¥®. Ekanple 15. M,
Al and C starting materipls jere tlhogpeghl Y rgiixgd, dng gyel t pd toget her at
about 1,450C for 30 minufes, therdby causifpg the carlbon to helt fully into
its 35 solid solutibpn; the mgl t %R thedléast tlo ¥¥rm [od shape
castings of a Mh-Al-C 3p aldoy. Thescanposi tsies of |t egscasfings thus
obt ai ned was found by chem cal anglysis angl i s giverl in Table 8. 3 26
1, 473, 002 6 68.04 1 o@lfABLE {8 'SEnplE No. M %
Al Woe1l 67.51 7 32. 37 68.48 ). 32.40 0.12 6J.55 '31.95
0.50 3 68. 03 - 31. 88 0.09 4 68. D4 31. 66
0.30 5 67.91 B1.66] 2 0. 43%% 0-2068. b4 31. 41
0.55 7 68. 48 B1.40 68.49 0. 12 38.22 0.2968. b3 31. 27
0.20 9 68. 49 1.22 0. 29 68} 53 30. 95
0.52 11 68. 55 105,754 5 “ofests 0-2 "6B. 45 30. 80
0.75 13 68. 50 11 30. 59 68.55 0] 9B0.za 0.65 6P. 02 30. 85
0.13 15 69. 00 1230. 76§ (245 O 240%2 0.7s ©p. 04 30. 64
0.32 17 68. 99 30. 49 0] 52 6B. 97 | 30. 28
0.75 19 68. 98 1330. 14 68.50 0l ggoze 0.91 6p. 55 30. 35
0.10 21 69. 50 14 30.3Q ¢9.02 0] 2Gp32 0.13 6P. 48 30. 23
0.29 23 69. 50 29. 95 0}55 24 6P. 53 29.79
0.68 25 69. 49 15 29.6Q 69.00 Qf 98026 0.24 @P. 51 29. 40
1.09 16 69.04 30.64 0.32 '

17 68.99 30.49 0.52

18 68.97 30.28 0.75

19 68.98 30.14 0.88

20 69.55 30.35 0.10

21 69.50 30.30 0.20

22 69.48 30.23 0.29

23 69.50 29.95 0.55

24 69.53 29.79 0.68

25 69.49 29.60 0.91

26 69.51 29.40 1.09

27 69.97 29.91 0.12

28 69.96 29.82 0.22

29 69.95 29.72 0.33

30 70.04 29.41 0.55

| 3 69.98 29.30 0.72
32 69.95 29.12 0.73




29.41
29.12

09

27 69. 97 29.91 0.12 28 69. 96 29. 82
0.22 29 69. 95 29. 72 0.33 30 70. 04
0.55 31 69. 98 2930 072 32 69. 95
0.73 28 1, 473, 002
28 TABLE 9 Sanpl e No. Br (G BHc (Ce) (BH)ymax (x106 G Ce) 1
100 50 0.0 2 500 150
g 1300 200 0.1 4 2600
0.5 5 1950 500 0.3 6
550 0. 4,473,002 1450 250:8
2200 450 U.o0 Y o200
0.6 10 q“?é&@ 600 0.7 11
00 Q.7 12 2950 550 :
Sanpiesiip. Br (G 590gHe (Oe) | (BH)yax (105 G1O¢) 1500
—04 15 T 2408 566 0.4 16
400 ¥ 6 17 %900 650
. 2150 500 o 150 ®07 19 2900 °
0.6 20 1300 130, 0200 0.1 21
400 0.3 |22 2450 450
3200 2600 Qo 550 08.7 4 3200
0.8 25 1950 3008 0650 0.7 26
d00 0.6 (27 1250 250
2300 2500 490 530 843 29 2600
Q 0.4 30 1450 30580 0700 0.7 31
50 0.9 32 2950 900
0.8 27 8 2200 430 1, 473, 002 '
27 TABLE 8 (Corjt.) 9Sanpl d Na200 M 586 oAl % » C % 33
70. 06 28.184 1.10 34 70.5 9. 39 0.
35 70.|56 10 29.£é&’ 608 1g 67
11 3150 600 0.7
12 2950 550 0.6
13 2750 550 0.5
14 1500 250 0.1
15 2400 500 0.4
16 3250 500 0.6
17 3200 650 0.8
18 3150 600 0.7
19 2900 600 0.6
20 1300 200 0.1
21 2350 400 0.3
22 2450 450 0.4
23 3200 600 0.7
24 3200 650 0.8
25 3000 650 0.7
26 2800 600 0.6
27 1250 250 0.1
28 2300 1350 0.3
29 2600 450 0.4
30 3050 700 0.7
31 3100 850 0.9
32 2950 900 0.8




36 70. 47 28. 98 0.55 37 70. 45 28. 66

0.89 38 71.02 28. 07 0.91 39 72.05

26. 90 1.05 From each of these castings, a test specinen was cut,

cubic in shape and 10 x 10 x 10 nm and was brought to the uniform E phase

or EC phase by heat treatnment at 1,1500C for 2 hours followed by quenching

from900' C or higher at a cooling 5 rate exceeding 100C/ mn. in thfé;
J

tenperature range of 8300 to 9001C. After this 5 heat treatnent was
carried out, each test specimen was exam ned by X-ray diffraction, opti

m cr oscopy ang7 el ectron m croscopy to dﬁﬁ"ﬂﬁ‘i ne its phase structure. T
results were

was apparent included Nos. 10 2, TABLEIQ(Cofd 19 and 26.

10 (2) O the-test specinens 2, 6, 12, 13, 19 and 26 rrentioned in (1),
those which had a matri x[Ofampie No. NI EMPRASE | naleudefl Nos. 64 12, 13, 19 and
26. (3) Test specinens i.L-th-c-b—d.egnc-f-nn of —AlLMa{p)-phaseiwas apparent
included Nos. 1, 2, 3 ang 5.33%5 70.06 (4) 2I“egét SJecﬁﬂans ot her than
those nentioned in (1), (2) and (3) wense all 293915 1oumo|9to be E or -e

si ngl e phase. These test |spe JITEI’IS F’rgf’ (% hg H;e erature range
of 4800 to 8301C. Wth alte erlng of 30“rﬁnutc , ¢ was an
appreci abl e decrease of fmagngdic pf opeml e$ alzose 7800€sf or {al| test

speci nens, Nos. | to 39.|The, 20 é gpe at re rapge g@ the T or T.
phase existed stably varjed &reatlw d% ndij ng 620 on th osition; with
the tenpering tinme of 30 m neg es, {het. venpér atsunre s toel ow|7500C. The
magneti c characteristics g@ch t<=sha§§)ec nej) bt \QTne g/\/ne t enpered at

700" C for 30 m nutes wer§ sured arejgi Ve . 29
1,473,002 29 TABLE 9 (Cont ). Sanpl e
No. Br (Q ganai)of thegel%la es chg;é %ut g’ublc in shape and %800
1200 10Q 19%nm, and was brouglta th umfgrm Ep ¢, phase by hea‘: treat li(( 35
1550 _ 450 at 1,150°C for 2 houts fRlIGEd by quenching fraaa(mo*’c or hi er dtTdbddoling
0.9 37 5 Gte(yxceedmg 10°Cimjpin the temperature rapgenof$30° to °C Afte 00 5
ig 3 tment was “carrie ci} each test sp was examined by 51
1300 iffraction, optical micros %nd electron y to determme its The
phase structure ofstreaare. Tmsieslsqsmrdmrfo ws:Tabl e 9 af bei ng tenpered was
det er m ned rad it AP él)ffﬁ& thlCéél@nx'eﬁenquéAbﬁems msenl\bsludeﬁ Ne, 3, . 05
7, 14, 20 2 %ftﬂ h 1 26 Lhdn2h Y ! ht han
&b 0% or C I bss 5 had § mdtﬁnaﬂ' mfm eldthdhaw s. 18025, 8.3,015 gnE’ "ng SR hase.

or both, were observé-'ﬂ Teahebwmensd:g hbchrdemsumhsﬁeAleeomhesvswmaappﬁmumd to be
less than t fi gdped a an £Q | 0 ospec cpnt ai ni aboyve
0.2% wth []l g'rrperlfg;l,g1 % he' mosrelu agon ({F@? ‘P&B ﬁaséglg 9
stabl e and t he val ueThéseBest\am rchmperamre;hehuhpeaaurZSQng@ dﬂats0°eooceeded

the transformati or$3Q°63 W\Hf(‘ivt‘?g “ta “-SNMWM@S arpeppreciab) hd@égg T}gan
confirmed byt he gﬁ x?%edh &l!he-r p@b r}%%icg endl 10 -y
m croscopy. The nagn d:di'np@ rﬁ@ﬁtﬁﬁhe’%hﬁ&m@ cRifB@ﬁai ur§\0

No. 17, were detersioned0¥kt er t he speci men had been tenp ered for 30 m nut es

' the' termper at ur g s EBSET T peach o e shaied geoseeraot

10.



TABLE 10 Tenpering tenperature Br BHc (BH) max Code

(00 (G (O (:106 G Ce) Phase structure a 480
2600 400 0.4 rc b _ 500 2 800

450 0.5 rc c 550 3000 560

0.6 rc d 600 3200 650 0.8

'c e 650 3200 650 0.8

700 3200 . 650 0.8 r. g @

3150 600 0.7 h 780

500 0.3 rc - Al%n 3- \ Mh i 800 1000
2150 2 01 rc & ALNI (_\ 30‘{3_\ Mo ) 830 29 100

50 0.0 AINN(y,) +TARLE(@onts. 1, 473, 002

30 Exanpl e 16. From each of the castings of specinmens Nos. 1 to 39 of

Exanpl e 15, a cylipdea—test—speerren—oi—ao—nm-a—di-ageyer and 35 nm | ong
was cut. It was <u%‘] H%’d totﬁégt t]?@gfﬁg“ﬁt t%ﬁ)mﬂ% md&iqﬁ?( a uni form phase,
foll owed by quen¢hindg 5 2809 i n| Exaepl e {15. The speci ren was t hen
tenpered at 600" ¢ f01:4 30 m ”“H@%’ 20 tither e er, itjwas extruded in
the tenperature fange of 5000 to 8000C~ %y an oil ‘operat ed hydraul i ¢ press
at an extrusion pres8ure off 12558 tgns, 46king a di®2gi vingla surface
reduction of 759 Atjan extirusjgn temqg@ture bel gy 5301C} all test

speci mens were r¢duced to 10 simal | fragments, so thaf no test pieces
were avail able for mdhsureden2é®f tlhe 13000 dagnetl® charagteristics. At

t enperatures aboye 530" C but kgj,ow |600/';6 sgme tegt pieces cracked and sone
di d not. Even whé¢n cracki ng did notj occur, deformability yas |ow, and the
degree of ani sotropy3‘as gi \en3b59 the ridbd o of (BH3 - in t}e direction of
extrusion to that—TTmtihedrrectTom at— Tyt~ angteswas 15 smal | .

15 Wth tenperatures exceeding 780'C, in all specinens except for Nos. 38
and 39, transf orBLhAR str@ulrBSf Hlclésy )pe@llﬂéﬁ%f Mle 9 afterMingR@RGrda00K Pl ace;
the magneti c vas dgenntiyedr dzhyfodnﬁnhaa:sedhoaﬁ Ehaenﬁeg;rseez a5s, a,nu,sotropy al so
di m ni shed. Zg” P a't’d 3530&)1) h Pﬂsh‘ mma ah‘v‘sﬁ Oﬁﬂer?lfr‘é i onshi p

bet ween %OWDCS jnb(lzg?'ﬂ%h specxgeezswas m&%} e . Cwas 0.2 to
(1/3 M - 22.c3ptast, iheed mgﬁs&ena@nln@mbm 1Or20) WitWain up ovso r 3oange of 68.0
to 70.5% M, mth'épsethmasnumhaaem@dstame &l thovalwm f@rm%zwﬂﬁmrmrawpw eferred
directi Xﬁ Of a e an :gﬁ%rm';%e%wﬁag%’e fp t1 l d t 0 Wth
Wh preseéent excesdin /db ute PRl tq‘?aca 73 6% "8l y a d 25
smal | deg ree of Taanmgrteltlopya,ramrxsﬂamd poiacipal ipRake of @timap &l mameHo 17 of
Exanpl e 15 welstes Fb@fterdthf a?el% mmrﬁ@maﬁ ﬂ%l’ﬂrh e ithe Exanpl e 15,
and was t enpdFBRFTAITCEHC g% to £ &Sulty 48 BVEL Nt as in the

precedi ng exanple. It was then simlarly extruded, wth an 30

extrusion pressure of 12.6 tons w thABLBW f ace reducti on of 75% The
magneti c 30 characteristics in the direction of extrusion obtained after

this treanmr—'mmm ed angq are [given rm rapre 11— TABLE 11 Pr ocessi ng
t enper at uf . temperature Br gHe (BUBH) max

ode 0 © (Oe) | (x10° G.Oe) Phase structure

a 480 2600 400 0.4 e

b 500 - 2800 450 0.5 7o

c 550 3000 560 0.6 e

d 600 3200 650 0.8 e

e 650 3200 650 0.8 e

f 700 3200 650 0.8 e

g 750 3150 600 0.7 e

h 780 1800 500 0.3 e = AlMnG) = B-Mn

i 800 1000 250 0.1 7e + ANR(G) - B-\In

i 830 100 50 0.0 AlMn(y) + B-Mn + ¢,




Code (OO Br (G BHC (Ce) (xIO G Ce) a

500 - - b 530 3150 1350

1.5c¢c._ . _ .580_ _3200 1500 . 1.8 d

590 5050 1650 3.3 e 600 6200

1960 6.5 f 650 6450 2500 6.7

700 6450 2550 6.8 h 750

6350 2400 6.5 780 6350 2300 6.3

790 4950 1900 3.7 k 800 2300
uch
St

speci mens  Codes (b)’fom( ggchaor}dthg iéz)istinggch:;lg?nigé Nosgq 1 of| Exgmple; 15 :

1,473, 002. indrical, test specimen of 20 mm in diameter ar?&iﬁv@r;l?o lwas%lgt tvs')af;r opi.c, and

test speci mens E¥ccaito bdaf irbibiem 15 SRR 104 b s mbhas Tolueh P Yudnbiafe, Codes (e)

to (i). Théis, ondin Bxamplf Gr Thé sperineh vas tlenpenpdred & @D°GOH Hanid@es; C, 5

pref erabl y 6500 thefraltgp kyas

ani sot ropy obt alRg#S

T B

uction of 7

SORF £0808° Griby
??Bﬁé‘s‘%”s‘.i‘é %239

Bn@dgr ee of

of

5%
Exanpl e 15 were t expar &trusién l@ﬂ/éérﬁufdb’elo“&33@,ﬁﬂﬁkttsﬁ&irﬁénﬁ@ére$¢dﬂj:&l&bi ng them

to the hed@ trean#bﬁégr?mc,}g,;
(4 T

,Séln ) ¢ [
s e e

extruded at 700'{2@%

75% The nmagnet 4&ro

tho tegt piscep NC%
v
ah

R6UEApY hs GlveR

fob )
t bel odoMeduct i on of
ﬂéi“%e %ﬁé‘}ﬁéﬁﬁf the

5 meagycement of thhen,

10

speci nens treat emHﬂ'.,,;; it thediraction\ot egtrusiva 3ol tiedl imthel direation iat/ gght iangldsGrvas T?Sbl e
12. 15 smal’. 10
With temperatures exceeding 780°C, in all spegi cept 8
1,473,002 39, transformation to the AIMn(y) phase and ﬁiymg’ &kwm,ﬁ% Sanpl e
No. Br (G magnetic rfyOedpidly decrefséd,Oafd th&¥)degree of anisotropy--aldo
0 odgmmshig. other h 2d00 the relati 52' bs ‘to' O, 20
n the other hand, ag, regargds the relationship en composition
1050 20 n%%%@c characteristics, “%éﬁ was 0.2 to (1/3 N%I—‘ge 2)%, the degreeazl 00
6.0 5 ani pﬁwas high; for th e of 68.0 to 70.5%, 1 tere was obtained aft350
1700 aniSotf>pié magnet with a préfé& direction of magnefiéyfion in the direction of 0. 2 8
ion. ;
gggolo 25 E g Mn present in a ik gt exceeding 70.5%%%9 gssician 73.0%, onlg %022 58
: sm& 9 ree of anisotropy, ne, occurred. :
2400 6 Test 3pkcimen No. 17 of £xdMble 15 was subjecté@®dheat treatment and 4. 0 13
3350 AaEhing as in Example $, and) was tempered at 600 (?01' 30 minutes after55Q
0.3 15 qu?{g ing as in the prece ample. It was then sipi 3; truded, with an 640
. 30 ext £ressure of 12.6 ith a surface reduction %. The magnetic 901
2400 chdradverbtics in the directio®8DEktrusion obtained dfoéxCQthis treatment were 6. 8718
6300 2fs@@red and are given inalile 11.
TABLE 11
Processing
temperature (BH)max
Code (°C) Br (G) BHC (0e) | (x10° G.Oe)
a 500 - - -
b 530 3150 1350 1.5
c 580 3200 1500 1.8
d 590 5050 1650 33
e 600 6200 1960 6.5
f 650 6450 2500 6.7
g 700 6450 2550 6.8
h 750 6350 2400 6.5
i 780 6350 2300 6.3
j 790 4950 1900 3.7
k 800 2300 1300 0.8
The test specimen Code (a) was reduced to fragments such that its magnetic
35 characteristics could not be measured. The test specimens Codes (b), (¢) and (k) 35



19 5050 2350 4.7 20 1200

450 0.2 21 4500 1600 3.7 22
4866 1966 4523 6500 2600
7.1 24 6. 450 2600 7.0 25 6300
2550 6.3 26 6350 2250 4.8 27
1150 600 0.3 28 4550 1 SN
4.0 29 4800 : 1950 4.2 30
2400 5.9 31 6250 2450 2
' 33 31 1,473,002473, 002 TABLE 12 (Cont.) (B3H)max
Sanpl e NO. " e r Bhinlofd isotropic, atd & imens (4 andXj 212{2) 100
pic, a es imens al a lower degree

2400 anidotkbp than Codes (e) to (i)é , only by defor@ at a tempcragturc .5 34
800. - gﬂQ'S’OO 780°C, tpre:ferall’ﬂy_.650350 780°C, were anisolrofi0 magnets with a R0

egree otropy obtaineg:
g 13 036 5 A&qucgst specimens Neogs.zggéﬁ of Example 15 w5' 3pYo.ared at 600°C fi 45:73%0

30 nirutOafter subjecting th the heat treatm% d quenching as ?g
3350 Ex&f)fle 15, and were the, eRtridéad B 20040 WhiderQl présage pitaSeors withgt ure of the

sanpl es by X- seriacelireduction iof) (737 0dh¢ qrasneticcehamstspsticarinl tkd diseqtion afi cr oscopy
showed tfpat : ’j}}f‘f@éﬁf ShespEimrRsHERater IRHIL HaYOHLe Fteatymrdrang fare §iEEnAp vin( %) or
/ 3- M\n phases were present in large quantities included Nos. I, 2, 3
5, 7, 14, 20, 27, 34 and 35, that 5 is those test specinens containing M
being less than 68.0,/ or Cless than 0.2% The X-ray diffraction

exam nation of those specinens showed that the amount of T phase was found
to be appreciably |less than of those given in Table 9. (2) Test specinens
in which Al 4C3 was observed by optical mcroscopy 10 i ncl uded Nos. 2,
6, 12, 13, 19 and 26, that is the test specinmens in which the amount 10 of
C exceeded the value (1/3 M - 22.2)% These test speci nens began to decay
several days to several weeks later. Test specinens in which Al 4C, existed,
showed di m ni shed plasticity, and a di m ni shed degree of anisotropy. 15
(3) - Test specinens other than those nentioned in (1) and (2) above, that is
15 specinmens Nos. 4, 8, 9, 10, 11, 15, 16, 17, 18, 21, 22, 23, 24, 25, 26,
28, 29, 30, 31, 32, 33, 36, 37, 38, and 39, showed in the main, only T or
T,.. phase. (4) O the test pieces nentioned in (3), MAIC and/or a simlar
face centred cubic vhase were found in test pieces Nos. 4, 9, 10, 11, 16,
17, 18, 23, 24, 25, 30, 31, 20 32, 33, 36, 37, 38, and 39, these test
pi eces having a conposition including carbon 20 in an anount exceeding
(1/10 Mh - 6.6)% and a tendency was al so noticed that the amounts of MAIC
and/or simlar face centred cubic phase were slightly greater after
deformation at raised tenperature. Simlarly, with conpositions in the
range of Mh 68.0 to 70.5% C (1/10 Mh - 25 6.6)' to (1/3 M - 22.2)%
and remai nder Al, .ani sotropic magnets were obtained 25 by plastically
deform ng the alloys, quenching and tenpering. The magnets had '



excel l ent magnetic characteristics conpared to ani sotropi c nmagnets obtai ned
by plactically deformng the alloys tenpered after Mtreatnent, as
described in Exanple 11. 30 The cause of this is not certaln but
in the case of Exanple 11, it is surmsed 30 that the presence of a smal
anount of the Al WMh(y) phase reduces the degree of anisotropy, because in
this composition range, the Al Mi(y) phase could be found in the phase

exi sti nj \;n the test pieces of Exanple 11 before plastic defornmation, but

e found in the phase of this present exanple.. 35 Al so,
s.of a conposition in the g Mh 70.5 to 73 0%; C (1/10 M -
r13f1L3 Ma. 22 ')\0 ~Tala -f - .>' de =

ani sotropic only sllghtly or not at a&RBLEIL is conS|dered that the reason
for this is the presence of substantial anmounts of spheroidised Wh3AIC, and
only small anmounts pf TamelTaf MA3AFCfand/ or Sim afpH} ace ientred cubi c

phase in the alloys}hbgfor.&.p! fStccfO | pHcdeSHor npy 1151

40 Exanple 17. Test|{speclnmen No. 23 of{ Exanpl e 16} wa urt er tenpered at
5500C for 30 to ! 1 0 01,47 , 002

34 240 m nutes aftef havj ng bnen.ﬁ trutded agyin Exanpjg 16{ The magnetic
characteristics in fhe extrus Irection were neasured afd the results
are given in Table [3. BABLE I3 1fperf ng t*Phe 0.1

(BH) max Code (myn) 6200 B ( Q200 BHC {.0®) (x 10" G Ce)
a 30 6690 2750 7{8 b

60 6600 5 2y501500 07 gL 04 120

6500 2600 6 7. 356 1700 240 3.8 6150

2200 5.9 5 Exanpl e 18.

5 Fromthe casting ¢f sanple No.1P4 of] Exampte 15 cy®fndrical test

speci nens were cut, {eachky 20 mn dygpet er ango®d5 mm | ong: The speci nens were
subj ected to quench ng as in Exaqple 15 and tenpefed at 6001C for 30

m nutes. Thereafter{ one part ma%ogxtruded”Phrough a ¥fe, Qnder a pressure
of 12.5 tons, at a 10 0 tefppesmburel of #ZBOLC, fo gé.ve afsurface
reduction of 65% The gnet i 10 aracterigticsjin the extrusion
direction were neaSJregﬁand regﬁg 645%8@ *He %g (BH) = 6.8
x 106 G Ce The ot hef pafit of he*@&nple ma§0%|nllarly4@xtr ded but to a
surface reduction of 25% at 730" (3yandt was,,phien further extruded at the
sanme tenperature, sp that 15 the surface redpction woyld be a total of
65% 14 1200 15 Afte® thej secbhdd extrusion, the
magnetic characterigticgsin the gjspecty on gk, extrpsi opswer¢ nmeasured and
were: Br = 6450 G {Hc = 26001{Ce, ?BFD. = 7.1 x 1p6 G Ce The test specinen
twi ce extruded was {enptred aff 5880C for 3¥W0%i nutps ahdl 20 t he
magnetic characteristicg in the ggﬁect on gk extrysi ongwer ¢:
20 Br = 6500 G 3Hc|{= 2700 Cej(B =t 7.5 x 106 G Ce Exa
speci men No. 39 of Exanpl e 15{wa 0t‘%xtrudedzst‘]‘hder t he &6ndi
in Exanple 18. Aftef a s ngl e|exsgsusi oh t 02330 surfpace §.educ

ie 19. Test
i ons descri bed
ion of 65%the

25 magneti c characteristijcs both jn the diregtion of éxtrusion and in
the direction at 25 ritht angl et%er el neasd? ed apd . Br = 3300 G ,Hc
= 2450 Ce, (BHmM =}2.3;x 106G %o 1600 3.7

22 4800 1900 4.5

23 6500 2600 7.1

24 6450 2600 7.0

25 6300 2550 6.3

26 6350 2250 4.8

27 1150 600 0.3

28 4550 1700 4.0

29 4800 1950 1.2

30 6000 2300 5.9

31 6250 2450 6.4




After the second extrusion, to a total
being carried out as in Exanple 18,

surface reduction of 65% extrusion
the rragneti c characteristics both in
the 30 direction of extrusion-andin-tbe-direct ri ght angl es
were neasured and were: 30 Br 3350 G ,Hc = 2400 Ce (BH), = 2.3 x 106
G OCe After the test specinen had been subjected to the second extrusion, it
was further tenpered at 550C for 30 m nutes and the magnetic
characteristics in the direction of extrusion were neasured and 35

Br = 3200 G 3Hc = 2200 Ce, (BH),, = 2.0 x 106 G Ce 35
Exarrpl e 29 A series of rod shaped {gsglpospeci mens having di ffere

conposi t ' 0.03%
with respect to the anmpbunt of Vh TBEEtIRECamad ance bei ng Al, were cast as in
Exanpl e 15. From each of 40 t hese castings, a cyli ndrical test pi ece of
20 mm di aneter and[ 35 mmTong was cut] 40 It was @®HRy,ected to heat
treatment and quentlsangle Nas ijn Exanpl ¢ %Skaneb S(ubfemome pered at 600' C
for 30 mnutel. The—tefperedrest prege—p 0C 35
1,473,002 - '

tons to a surface fedussti on of 789 The r¥b&ati onshi p-Sbet wgen the proportion
of Mh and the degrpe of, anisofropjsatiion |§ba typi cgl, onejof these test

pi eces was found tp be as sho I'n Figure A vYery h| gh ¢egree of

ani sotropy was achjeveth for i1804 he {rand® of 68. 0%0 70{5% 5 The
degree of anisotropy ig expregsseadsy asjbefgee, b thg5ratigu of (BH,,.1in
the 5 direction of extrusion, that ig, along the axis of {the test
cylinder, and the {lire¥tion riTeht anglE99 that i$2 the|di ametral
direction. Exanpl ef21.3;Fromthe ggsting ofsganple Ne._; 24 of Exanple 15, a

cylindrical test pfece 20 10 ~mm iin di anete
was subjected to the h¥t trept Mt 10 88 quepchi A as iin Exanpl e 15,

extruded at 700'C at_a pressure of 1Ib tons, using a die having a reduction
of 75% and tenpered at 6001C for 30 m nutes. The magnetic _characteristics
in the directi opE migation £} 187) Spuetyrecef the Ya?‘rfé’d diffactinf.s way wer e:

b
15 ST LI I, LA 2608 Mifhals O

15 Exanpbe 22 .wekd mesentiielatgegtidntigesiicligiedPoe 103, 51‘014) Exanrmkfss:hﬁat a s

cylindrical |t eemnegccmﬁﬁlqms nam @FS ta le a'\/\fa%ocut It was
subj ected to % )gg[% %ﬂi{g °we m W8T and
tenpered at 5 cxﬁ’ﬂe nes‘vmc tAny@&v bservedt Bptib@ﬁﬁﬁicros’d&ﬂyng a die of

40 mm dit@net enr;cltalted NE{JZ ,,12.413 ﬂbamlé,thagtthﬂeecwcmnmwhwhtmnnwanet er and

|l ong was cut. It

8.8 mm | ong,
t est piece,

Mﬁé gﬂﬁsec1}$Al}§(:b)€g%‘?gg_ca severa Qied

magneti c char a!egreer bfSniiso8 opyl { “was

found

Ut er

idhy. dna

eekplg{%r allestpart of this
ShHhieRgat of its

be an ani SOtI’OpIC rragnet wthits

preferréad direct (bﬁesfsp%% torlyathaomh Shﬂteh
{3

I(Z)d%lao Thié
observed 25 spec;gﬁ?ﬁgg? Q%ZL ;gq;éﬁ& ?@ aggtl on of
rragnetl sati on "We{8of the ¢ esm dﬁ(s),hdﬁx EIC mxl£r3k®e,centrea 5.3 x 106

I ast icgbic ehase watlfcmnd avsteadesc;qsmoed 9 @ édielﬁ,dr'/'niSanZ"shSi $81,0f
nagnet|

vg@ gﬁ}?ﬁ&%ﬁﬂ% 1/?0 RS Pe%@’“&??ﬁﬁo E )Of t‘ﬁ?" 3020
A square I‘Od iGh lai(fa éﬁtr Hé@esweci@-ﬁ htl rea@erCONMPOSI ti ON

30 of Mh 69 2&%r dHforBﬁmﬂB%ramﬂt Perdttf, as chem cally anal ysed. After
subj ecting Q-g,ﬁ S'atth rangeont Mp$8. 02‘°H8é4‘osc(1a fgenching from
o

1, 0000C t% 60 nisgEppi
t enpered at 6§g§ﬁg Qiagﬁ@ncmhﬂuﬁte:&ncs Hg gﬁmg

;{[}ne t hen??
altee ¢ arﬂ!oﬁ@ﬁc\ﬂﬁﬁndi aiy 650 Cin
five cycles t@laathaﬂy (sikffpgglgg olie dlpysipampered after M treatment, as described in
Example 11,
30 The cause of this is not certain, but in the case of Example 11, it is surmised 30
that the presence of a small amount of the AIMn(y) phase reduces the degree of
anisotropy, because in this composition range, the AlMn(y) phase could be found
in the phase existing in the test pieces of Example 11 before plastic deformation,
but could not be found in the phase of this present example.
35 Also, test pieces of a composition in the range Mn 70.5 to 73.0%, C (1/10 Mn — 35
6.6) to (1/3 Mn — 22.2)%, and the remainder Al, were rendered amsotroplc only
slightly or not at all. It is considered that the reason for this is the presence of
substantial amounts of spheroidised Mn;AlC, and only small amounts of lamellar
Mn,AIC and/or similar face centred cubic phase in the alloys before plastic
40 deormation. 40

Example 17.
Test specimen No. 23 of Example 16 was further tempered at 550°C for 30 to



35 using grooved rolls with a 30 mm groove wi dth, w thout producing
cracks. 35 The forned test piece was found to be an ani sotropi c magnet
with its preferred direction of magnetisation in the rolling direction, and
the magnetic characteristics in this preferred di rection of magnet i sation
were: Br = 6450 G Hc = 2500 Ce (BHym= 6.6 x 106 G Ce 40

Exanpl e 24. 40 From the casting of
sanpl e MNa, 16 of Exanple 15, a cylindrical test piece of 20 mmin dianeter
ong was cut. It was subjected to heat treatnent and quenchi ng as

G }5 and was then extruded gh%OOC under a pr essure of 1245

direction by 4 naéte fha‘anﬂsGFglneﬂdldcq {as vtasE*taﬁelﬁ te reesnatw 6001C f or
30 minut es. Thec*t@ggfgrw © PUrUgRY SORHER Ve MTPLTRR)d HEdUhLHA YD be .an

ani sotropic magnet with its preferred direction of nmagnetisation in the
extruding direction. The nmagnetic ch‘gjg%ucé%rr stics in the extrusion
direction were: Br = 6550 G ,Hc = (BH,,,, =6.8 x 10" G Ce 50
Exanpl e 25. éreTgem tl&lg/ 50—Froep {he eashi ng of
sanpl e No. 10 of l'imd est ce of ?6“ ifn di aneter
and 20 mm | ong wa gg‘pl Aft@r‘ subj eit :iah Q ]'{ch(ge’heat ()f Oegmnt and
guenching as in _xampl e 15, B¢ was nm%ed at B001C fgr 30.8m ndtes. It was
t hen extruded at{ 70010, usi ng, a die grg/w@g redug,ts'bon off 75%, ul tjrasonic

vi bration 55 berng applied, eitlher on the dire or pdgnch, durijng

extrusi on. The nphgneti 126 characte@0dstijcs 2690t he ¢xtr@di ng |direction
using a vibratiop fpequency 27 K e: 36

1, 473, 002 ¢ 25 80 | e B%adn &5 e - 2600 Ce,

(BH,, =6.8 x 10" G Ce Exanpl e 26. Fromthe casting of sanple No: 16 of
Exanple 15 a cylindrical test piece 10,gmm in diameter and 20 mm | gng

was cut. After subf@flthé\gasfidg &Qarﬁﬂl@NEQthf Exd mnéyltﬁdncal test@dinfid€nchi Ng as
in Exanpl e 15, wt:re\mseatce mmechbrmer@@d)mmm imehn$ wera subjeerdto 5 ext r uded

at hi gh speed, §fn ig at °?°€g{§t u l’/‘?5’*"%}\|!th an
ext I USi Ontwpeed&gfpeqﬁglg eﬁ(zg:i%: %?gﬁff@nﬁ%%c sure . oq’l EFS’?.%

R oI 4598 | Fhg rnggn"tn% di ygcti on
of extrusion wecharaciristics GRMR erusj nmctﬂﬁO&r{hpas@BH)and weee: 6.4 X 100 G Ce 10

The test piece could lm':pmdm:emy\uzlzw@etm{deuedg)pn@sr@dgf cracks.

10 Exanpl e 27. otropic
Mh- Al - C magnet Som%%g%%gg&t n‘gﬁfaﬁﬁt wu@?g%qg &:'rﬁ%dszﬁ%‘yﬁ% ai‘): Ift hey could
be machi n&d, f otheayfarp|reductipnaviuld beea tasallof 6§t h di f f | cuI ty, the mechané cal

strength of 15 %“?‘%ﬁﬁﬁggﬁgﬁ “ri"g‘“ﬁf‘e‘éf shataclerississ In the, direstign sl e a

tensile strengt nd t ans rse strength 7
gg@%n 2‘?1‘? grﬂf the respecti ve

kg/ m2. On the other Héﬁo“
t?eat ment s descp i bEhs thhleﬁ'é“;Eﬁ? ’ﬁﬁ'ggﬁ%l W%Feqpﬁé‘drahﬁl@r@f%ﬁomﬁ’e&tﬁsﬁet:hanrzé
T S e e W50 o™

g el ongati on Sy EI r 0
kg/ nm2; machr nability was inproved sg,gm, 1e2@ t hat machi ni ng operations such
as turning and g% i ”l;sl rpgcmﬁn omrmvemmmaas vdﬁlekthldg% uﬁ?@hh@e&ndﬁmud d be
performed_with esseee el extrusiontp e pyrfacereditia 6é/2® A rod
shape 02‘3‘2&840 aﬁ’ﬁ“ % mﬁf J,sﬁ 4 “"’a“‘e’b %&‘P??‘b‘tt‘dd‘r‘g()b °Fst2b/ b 252 |
an Bs ¢ }éaq_g F: nu&cq@e y nelting an

A4 T G6f 20 Mmin

casting. 25 Fromt h|
di aneter and 36 second cxtruston, to a total surface reducnon of 657, extrusion
being carn out as in Example 18, the magnetic characteristics both in the

30 direction of extrusion and in the direction at right angles were measured and were: 30

Br = 3350 G,  Hc = 2400 Oe (BH),,, = 2.3 x 10° G.Oe¢
After the test specimen had been subjected to the second extrusion, it was

A : further tem tpered at 550°C for 30 minutes and the magnetic characteristics in the
direction of extrusion were measured and were:
35 Br = 3200 G, pHc = 2200 Oe, (BH),,, = 2.0 x 10° G.Oe 35
Example 20.

A series of rod shaped test specimens having different compositions within
the limits, Mn 67.5 to 73.09;, C (1/5 Mn — 13.3) + 0.03% with respect to the
amount of Mn and the balance being Al, were cast as in Example 15. From each of

40 these castings, a cylindrical test piece of 20 mm diameter and 55 mm long was cut. 40
It was subjected to heat treatment and quenching, as in Example 15 and was then
tempered at 600°C for 30 mmuteq The tempered test piece was extruded at 730°C



was cut. It was held at a tenperature of 1,0000C for | hour, and was
quenched in water. The test piece after be| ng quenched shovved NuUer ous

j i X-ray diffraction
and its phase 30 structure, and was found to consist of the - phase
only. 30 This E phase test piece was conpressed to a
degree of deformation of -50% by applying a pressure of 45 kg/ mR ia—-the
direction of the axis of the cylinder, at a tenperature of 6501C. st
pi ece after deformation was found to be isotropic, vvith | ow magne
characterjsstics 35 Br1 473802300 G 3Hc = 800 Oe, (BH).35 = 0.3

x 10' e C T was exam ned
by X—ray dI ff%gg&.&etmssure o&}}‘m fﬂﬂgh‘?&:‘;? duttidh Sﬁﬁ?&?ﬁf&ﬁl ase to be

present -i-n | adfgmesammécﬁs wisrfoindao ibeds sﬂoapm Exgsrcl n volfy high-dgrea jof oy havi ng a

corrp05|t on C#HISWOW@B%I&M o MBG“Q’G of 6
eyl a1 gr SR M et "f}t S "éf ﬁﬁﬁﬁm g uds cut.
The test piecq righs g,s erre mJnour 40 and guenched i n water.
The phase structure of the ‘quenched test piece was found by X-ray

diffraction to gﬁ_ln t he Eg&"g@ ‘g‘gasvgﬂTh t est iE‘" elas tﬁgpered to the
[ hhase1gand bl Qgﬁm f SRR & M"{‘n@ taga
reduction of &m mIExBnSIe €5, eﬂhﬂﬁﬂiamm} Qlp mwr&ona s,lubifig Magnet i c
charact eri st i cgieveaving aA&ducnon of 75% and tenijrered HFQ0G, foB 30 minwt&) The, ( BH) ,

0.1 x 10' G (magnetic characteristics in the difestipn ofiextrusignenf ths\teskpiees obtginediinct i on of the
t est p| ece af Per*Halir ?1g been thus treated, |arge anmpunts of p - alphase
and Al M¥p) phase wef & $PLSenste 5300 P ( 'B%ase%vés Gl i n only abvery
smal | amount. Results nearly the sgigpnese obtai ned when the conposition of
Mh and Al, so  Froieheastthgiof ample®No. r(laxgﬂixam;ﬂatmcwwrwdltbdumeQmﬁMt i ons of
treatnents wefa il laldt @ﬂm“l 5m9§:‘§a§3 B*t“f HLSS dp é‘eﬂt(tiefeé e8in a magnetic
char act eji st i feghins E‘yﬁ‘o g FS{Q& {a%rengioh was
consi dered Vvegdi¥ymékd & sesmAsxo Svtﬁfch \(ﬁckawlﬁ' iphatal Oys, the
stability of paheofﬂn awcamdube%as&\&dsmmwwm bbrmremairpfntn Mh-Al --C

al [oys contai Bt @«a?m"*fa §§atf:§"mawme SISRL T ol ubi | ¢y

limt, bt thgcelblﬁ?c agn atn Whnﬁ"e
treat mant was perf opgpedsshd g tergpcereiw(% ﬁgg)es ab 9\4e05é(bc so that it was

sef
ot obt 2l ned °SS%E'§,§5 I } bt s deocins. Bt anereb ot popeudlecy | a7
e

1,473,002 mhe gree of orlentatlon |s |ncreased by the presence of

t he Iarre3I | ar Nhl;’él C or SI m | a{et haE:elmpExb? ‘V? An ex eri mant SI mJ(I)(ar to
t hose of Exangf] g@l’m 5 ;éd% I @P s a°°mP -G

he ic an ter biectin 1t
al | oys manuf aglaMes dr o@foa \f e mﬁ' tE%éosoo"f"c 5 Mh-Al-C
al lL.oy. An M- #la Codiog t ® ,abd reﬂlav(BOO(leerB!b |n t he

shape of,.a cymlﬂﬁtfér'fh ?’Wﬁ ‘dhéﬁsﬁo‘éfht& fBSCX?FﬁS F‘bﬁ lc Fﬂis of-10

anal ysed, V\B.Spriﬁrred dlrediﬁafﬂlb Yn 3,7 &)lhﬂﬂdlrébﬁs ldhﬂ t&n aﬁ'tﬁﬁ& treat ment
as i n Exanpl echifacteTitics lralhiwefetté‘d dmtl@eofemmﬁsehdnywexe ray diffraction and

optical m croscopy tBs =het50, nL§c i=r250(hee T(H}mm pheats . 10°TGIce t est piece was

conpr ess‘&d to a degree of deforma -65% | n the direction of the axis
of the cYlinder wnder. A Fam&,gﬁ ‘k%a YndticafiedBece or 26 enpefat ur e
of 680" C. Themnaf WiafeR€ nci3S Bin 161! Wi cHOT tfrau éntand 15
ani sot ropi c n@g}néunmsnmlixml ednslrwaedleduextscite - errepresereiobn in t he
g
dranetr o di L TENARERNIE ST o ﬁ@%%‘b@zgm PR o5 i hat
directiofn: obtained in this way was shown to e an anisotropic magnet with its ptefetred
direction of magnetisation in the extruding direction. The magnetic characteristics
in the extrusion direction were:
Br = 6550 G, ;Hc = 2250 Oe, (BH),,, = 6.8 x 10° G.Oe
50 Examgle 25. 50
From the casting of sample No. 10 of Example 13, a cylindrical test piece of 10 '

mm in diameter and 20 mm long was cut. After subjectmg it to the heat treatment
and quenching as in Example 15, it was tempered at 600°C for 30 minutes. It was
then extruded at 700°C, using a ‘die giving reduction of 75%, ultrasonic vibration
55 being applied, either on the die or punch, during extrusion. The magnetic 55
characteristics in the extruding direction using a vibration frequency of 27 KHz
were:



Br = 5,200 G 3Hc = 2,800 O, (Bh)u,. = 4.9 x 10' G Ce This represents an

i nprovenent in (BHym over the rragnetlc characteristic 20 obtained in
the simlar experiment_with an Mh-Al-C alloy. of. Exanple 11 20.Next, a
cylindrical Mh-Al-C-Nb alloy test piece 20 nmin dianmeter and 35 nm | ong of
a conposition Mi 69.59% Al 29.14% C 0.72% and No 0.55% as chemcally
anal ysed, was nelted and cast, and then subjected to the heat treatnent and

quenchl ng-as i n Exanple 15. The t est pi ece was tenpered at 6001C 25 for
30 mn and its phase structure was exam ned by X-ray diffraction. The
ﬁhase and fI-Nh wer e not qb,s,eméed and substantlal Iy onI y 3tﬁhe T
) S : , sret—8 che v re
of 15 tons, to producBraﬁﬁﬁdﬁctifbrFéﬁwm% (Bﬂ‘)ﬁ\.. |=e53?uktlp“r©Q=est p| ece forned
proved to be an anisotropic 30 n%glbg pith its preferred directien of
magneti sation in tfemee @dink 0fsamble W6l 16 Efdthple 1302 dytuﬁirimgéleﬁxé& of 10

characteri sti csmmnn dthetprmﬂéﬂmndo&ws@m Mem’ubﬁa attodathmmremet Br = 6200
G ,He = %600 xtmfﬁit‘m ame xapmpl 5‘%5%;& . %«E;S /armh%ovmeﬁt in
(B4, _comar e i, LAEMCRETS i tﬁcte% te BBl of Exampl e
35 extrisidrUiwérBer experiments, vari ous - | oys were
prepar ed by 35 agdLngoig, tq;cﬁj%obet;ged(m the;yvellgm;dgf the Vnh- Al |

al 10y, O 10n1 Ofneiiph 18l elbug N prblpcelfCinfind’ rPpmEof Mokl - G2, 0.y

Pb Zn, oys consi s 68.0 to 73. 8%
(1/10I\/h- 6.6)%to (1/3 M - J%trahc!hhererralnder AI 40

Exper| ments siml a[P tt Yt‘!& §’é°lt§ ‘c gs, 1opnv H‘"& cted with
a0 these ol | oy SISy ﬁf e e o o

all oy, with 2 Ofe ttﬁﬁ towsta@we r&ﬁhmﬂmﬁ(l\ﬂﬁim%er@ AReim210% i 13

(BHm, over tidong tﬁn\terﬁedtww nd 14, and that with

TRRCSEE o e e e e

45 and No Sydig k@dlly lnfibré?@ mﬂa tedd 11etsMngQf20ﬁ@1§(ﬁcg/nh 1NpRfENt s I n
magnetic 20 453 koti%raadtreuswstsq sugngx\bBOeto n@kgénxim’ mmmmas/@m@vdabucat | oys20 wi th

Pb added in a rigimachiping opers ° J“g%‘“‘“ ﬁﬁ&t‘?‘%ﬂ 24irilieg cs” nearly

chme d ven ne als
equal or somewhat 1t erior 0se obtarned %1 T and 14, but
their plastici ty vvas not abl y better Eﬁmphza tendency vvas 50 al so

observed i el 8 51501 7162"o

Al so, i rrprzgved g@ o ’flli A LE '% B- Ti2>
alloys with 0. 2 % tenip moooc/\@mhmay@u 10% over
that of the al IwerofrhExt i@e mter Atlsm qu¢mh¢mslmved @ur)(erahat skscemeal ni ng

addi tive gfenen the est. Ripce pas eppguinedcd g%@tff’%m“a"daéd Riasgy| y of. 55
n" conbi naP on %;gt p‘k ‘T”E“Sg“ et E‘SM cdadsp ’“‘“ Padkimfiolorabighy | mptoved
55 magnetic chaipfptytr@ral ;ﬁéssurs owkymxetm lmd;&dno tiehais oMthe Alinde bt Al | oys with

Pb added in 2.0 e of 684°CoThe, ﬂpnagﬁ@tﬂeforenawawéwnéw esisqigenicl y equal to
or sli ghtly%/ | es¥ith ét’nm?gﬂ&té° c%*acﬂﬁﬁfjl e 16, but the ey h had not abl y enhanced

pl asticity? The sinmil :?Fﬂb?méncyﬁ\‘ivﬁss%&eer(}’éﬂmﬁﬁ 0.3 x IfHEO8 Zn was add®,
that is in M-Al - (Ihzntes;_mt%zaftcr compression was exammed by X-ray differctipre andar i ous

exanpl es gi ven %8 95‘ %’9_ %? 0 to 830'C
for M-Al-C al |@£§§%%Tﬂéig§196 E al Qyi?’;@x 113% %&gﬂ’hm in -

1,473,002 40 dtameter and 35 mm long was cut. The test piece34as hel@ Jat' ],0006C cik/lEhth - 280 2)%

and renai nder ’Br‘l"a ehé'hF %‘&F‘“tcf‘z‘é et g% ecﬁ“‘é‘fP‘Tewﬁs E%?
i nduced by the sooéﬁﬁd" % furt o6 &ﬁﬁ%ﬁﬁﬂtt& ge
ani sotropi ¢ pl asieq. cmt;es mde &'medwla R&topic] Biditshanarahenctefistiadneat:nal

pl asticitygscan be cal |§1d_t96@6§f9{d’mf450)@e plBasLCl bY -« 1hg.¢&r ked ani sot jopy

brought about by As revealed by X-ray diffraction of the test piece after having been thus
treated, large amounts of 4 — Mn phase and AIMn(y) phase were present, but the r
phase was found in only a very small amount. ,
Results nearly the same were obtained when the composition of Mn and Al,
50 the conditions of heat treatment and the conditions of treatments were altered; it 50
was not found possible to obtain a magnetic characteristic of (BH),,,, above 1. 0 x
10° G.Oe; its mechanical strength was considered very brittle.
As described above, with the Mn—ALl alloys, the stability of the ¢ phase and +
phase was not only lower than in Mn—Al—C alloys containing carbon in an
55 amount in excess of its solubility limit, but the strain-induced transformation was 55
promoted when the treatment was performed in tem erature ranges above 530°C,
so _that it was virtually impossible to preserve the r phase, and moreover,
anisotropy was not obtained because of absence of the orientation control effect




5 pl astic deformation at raised tenperature, taking advantage of this
transformation 5 plasticity, results fromthe slip of the atomc plane in
the direction toward [0011 on each of the followi ng crystal planes: e. (001

)/ E(1 QO)// T.(1l I) particularly on the . EC(100) pl ane, which
acconpani es the above described phase 10 transformation, as descri bed
in detail in Exanples 3, 4 and 5. Accordingly, by 10 having the | lar
Mh3Al C phase on the E-(0001) plane, it is possible to give prefer#
the desirable slip of the atomc p ane on the crystal planes ne
t hat th% degree of anlsotropy canlbegampre0|ably I ncreased by ta
advant age—ef—the—ortentatrom—contr ot tue to ttre—tamertar- Mh3Al C
15 n&ggyf% °rlw§1°aé§m°5ea Dythe BiSHS26 PIOYF MRl - C al | oys
obt ai ned by " Ject ng the all oys having conpositions within the
ranges encl osed by the lines connemmph 9t he points A, B, C and D, as

ted inA sigilar éo pRsc agied opfanithi 5 ¢ |
Compostt on 13 _Q%W%wvafgd%w é“%f}‘ﬂﬁ“’ﬂ\}% Resi X o her) 3 i - 22.2)

% and renain erAnAMn—er—prallsy,dai ﬁ,rvﬂﬁt-d tﬁaadiﬂitlv53(0s B, ifhe shape 0f8300C.

20 Parti cul arlct inder B@ mafe i g 0 4 mep;nomposahh Mrmhavi ng-
corrp05| tiong nuﬂég I'?émzlat éc ﬁ/ﬁf ‘eﬂeap% Mﬁ({s ‘1‘5 1: § Kg Eﬁ F, C and
Din Flgure i Eoy 29 maﬁwﬁde Gidal fis ) i

6.6) to (1/ 3r|;(M‘) pha522 2)% C, the remai nder e| ng , can be substantlal I y

i ncreased by, l?l gﬁ‘ EF? ggf?the a r;&a‘irmu:dg;-a;ﬁgrlgfé?f tlb“ef ore plastic
def or Rt lon, Gre °C .The test piece after bei g 31 tLe haysng a
very hi‘gh d%fs&@o BERRQIWitH fos prefefréd @IRCtIGN &lsht Qﬂtm tmgfmeml

characteri stdu@snomahavm tbfbfoclipwegi myneglbp%emrngcsah ltheay dirpcaipiing conposi ti ons
within the area dedd nedobg, | jHes 2800010ect(BR,, R4 NkSIOAG.B, F and E of Figure

8, that is, BATRARALAORS ifbroldiil 68 afh ,,,.9 otk 0% Mpnedicl tcMakic 6.6) to 30
(1./3[Mn] - cbthirzd/in Ghe sirhitar erperimactewith m I—Ctﬂloploaﬁkamplcdmf or nat i26n at

el evated 3Q teﬂvﬁ geal M‘J mrl ehandool ycrystal s
can hardly %2{ Ao Fad; ?(.'D:I’I bed in the
Exanpl es gi \&EHﬁtnﬁ‘ea a Q;ubriﬂhﬁiﬁﬁiﬁtaﬁﬂ mhates c)! ﬁyte &e&k @y nechani sns

of def 2 nat ifon3p m@stes and tits @ﬁ@wrmurp ovas ayachinesd hyeX- raerrdlffr@xéthtmlihmr yst2al s.
Thus, becausMab) piass sphf s Mo were “3‘5°bg%fi‘i%1r%‘Flsybsﬁéﬁﬁliyr"élytq’f’e’ F%r mat i on

needed for rot AtsGe eéwaamma@&a@bodd\ﬁmer@resmgmasﬁs,mlpfbda@édltlon to the
ani sotripic adueﬁm:mmab ;. iThhe mclhng:re ormed ;ovech @ybennsinistxeopiwor ked to a

gr eat eB0 ext apagnethvith ggﬁé g ‘ﬁ?"@'ﬁ cgf‘gﬂ tnﬁo?l extEusioRar act¥ri sti cs

are i npr oved®aRaBactftAmster ‘cfﬁlg'ft FRERS U ¢ agBYlation Yeffacause 40 of
thei r being pol ycrBst 490 Ge,sHerre 268 Qe eBDmarmi Gsox 18y C8t t ai ned with themis
30 to 40 40 §rlmlr¢pe¢semthmmqvmemm(ﬂﬂ)ysccam@redbutth theresuftoppainéd i on range

phase g{ructies cg ?T ‘@ r 108 equi rad, for t]
phase s{ruc aggﬁ‘g%‘&%%xgn egfﬁ*v‘ﬁ uf SRS R SANIGL S O 1B |
the conmon egS®IPd| Bi ¥, A FevmssthGsNd&ceathS (Iehed&ncmumesm—@f

ani sot r opi sailpyggogsisti 'ﬁh‘f §8.0t0J8 &o0f =t(HE0 MB — 6.6)7 4¢ 13Mur &2-2¥duced by

. and the remain
wor Ki Ngo 1ments 51m11ar to those of Examples 11, 14 and 16 were conducted \égh The ﬁxanpl es
clearly est ab&se a ytsh&ésut: esp u&lsemele ercarabem M R—ARBCH{ND HM&)XCGSS of the

solubility Iai11 ,tWﬂth % rsﬂla t:ﬂl!RS?\S r°f such
anexpect ol (2 B ofEplh eAElghll R e st s o

def or g4 i On,ana rWﬁ Q&lnlﬁ d loP Iiﬂor mprovements inVihighetidie magseri al s
descri bed, tclhe'actmtlanwcralnostir er’;gth of ani sotrop| C rragnets 50 of very high

degr ees of |§6‘f‘ hrh oys, Withoh 8d tio ofy3.0p i, were 4 to 10
(e s %%m aéﬁéz%ﬁm SRR ool

toughness aSalsenm taﬁmg raa;t yaddmivlal ng; exceldjoed in

weat er reswtaﬁ’d?ﬂ ﬁﬁlﬁ 1?‘5 anblsetre emature
it
55 The materdo Gt e in iewm xeba dl&ﬁie@ m

ext rusispn ana cobipatios iithin, 3"/.bbbt wozlhemthfrcspcm tQ)anJr/’ds-tG ailozlethmonait | on 55

n agteristics were recognised.
I ncl udi ng, W?gﬁ?ﬁ it i{‘h i ~—Pb alloys with Pb added in 2.09; weight ratio, had

magnetic charactensncs nearly equal to or slightly less than those of Example 16,
but they had notably enhanced plasticity. The similar tendency was observed
60 where Zn was added, that is in Mn—Al—C—Zn alloys. 60
The various examiﬂcs given above indicate abnormally large plasticity at 530°
to 830°C for Mn—AIl—C alloys consisting of Mn 68.0 to 73.0%, C (1/10 Mn —



drawi ng, drawing, rolling, die rolling and die upsetting, and nmaking
feasible the cutting of magneti sed workpi eces whil st providing anisotropic
magnets with a 60 preferred direction of nmagnetisation in any desired
direction in a particular shape. 60 WHAT WVE CLAIMI1S:- 1. A bulk alloy
whi ch consists, by weight, of from®68.0%to 73.0% of manganese, and from
(1/10[ Mnh] 6~6) % to (1/3[Wwnl - 22.2)% of carbon, the 1,473,002 -

(1/3 Mh - 22.2)% and renmni nder Al, based on the phasal
transfor oy of |- . -. Tc i.iuced by the plastic deformation, and
especi al | ywal§normal |y | arge ani sotropi &4B83ticity of the 4e phase. TB8 s

phenonenon of abpgpre (1BIMsL '2@2)%%:1‘34&11&163&%‘! |b§§1dfoﬁ@ﬂ'b§;h9§aﬂi@atrﬂsfaﬂn£io§3t'C' ty.
The marked ani sotoer»y;c ﬁgu Bybihel bla y:dEformanon naeipleaal ﬁdirﬂﬁnyl@fgcat rai sed

tenperature, taki Obfhe Jﬂh set oo bnﬁf SSEIFIGM resul ts
from the s ip o “ﬁﬁwm@&‘aﬁg HO Mgl cacy o
the foll ow ng cr)s&ts: ty Fbsalefom the ffhe)a/témxcp(anemm p’ectTm(t walrd loo
pirticularly on ke dE4iel®Dywipt amvegal pldmesh acconpani es t he above descri bed

phase 10 transformati on, as dgseny/bedioow dgtayl in Exanples 3, 4 and 5.

Accordingly, by pl@ichay st ReidophiBle FhicMBRBinpadMdiaREatole Bé}@nd%d(pﬂml) pl ane,
it Is possitde t(t)ra fareha refaeﬂsnﬂm-.dtm defait udﬁsam;ﬂdslae4$hd . Atcordi Ql;&tbgam c 18l ane

on the crystal plha %thﬁéﬁﬂql %&A' d’hﬁﬁa?" thea 3( gnegft E‘PSS' E ecan be
sppreciably nor ey g Y Galomente i o o
effect due to theakl r%rﬁﬁ nﬁi@e fidrientafibn controlling effeditie ko RE Qﬁﬁ

descri bed ate ani soffhoipi pcovmallﬁzb'w@scaibbd) ambn@pnéﬂl 1—¢510$ tmﬁtdlbm t hi

al | oys havi ng co@ﬁp%c‘f:‘t?g é‘"‘\’r}ﬁsthw“g °%r£ﬁﬁh‘aﬁae _S‘_A%E"‘Ih 'érpé
connecting the pq 2 16thBeorositil glolto 13 1/ {) ternary
di agram of Fi gur e—86)tbhm Mns—che) % @and cesiatndenAll aarmpan@.ﬁefm;lt{&l 4 B 3. 0% C

2 3 0
(ag' / égo(l\)/h t 06203) t (i”g:g/ éﬁxlg ly, & %\e de ree/of mrltgneru% ra]lﬁr?lsot%py of alloys hav1ﬁg cosrr;[plogltlcgn%f orntt i on

ea defined by lines connecting points E, F, Cand D m Figure 8, that
20 Particularly, i bengbeigbgef & mrvegmetn @/ My, HODIMFY. €6 )ta 1z Y 09
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55 were thus of high industrial value. 55

The materials were such as to make possible the use of not only extrusion and

compression, but other forms of plastic deformation including, for example, wire

drawing, drawing, rolling, die rolling and die upsetting, and making feasible the

cutting of magnetised workpieces whilst providing anisotropic magnets with a
60 preferred direction of magnetisation in any desired direction in a particular shape. 60

WHAT WE CLAIM IS:—
I. A bulk alloy which consists, by weight, of from 68.0% to 73.0% of
manganese, and from (1/10{Mn] — 66)"/ to (1/3[Mn] 22.2)% of carbon, the
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85 were thus of high industrial value 55
The materials were such as to make possible the use of not only extrusion and
compression, but other forms of plastic deformation including, for example, wire
drawing, drawing, rolling, die rolling and die upsetting, and making feasible the
cutting of magnetised workpieces whilst providing anisotropic magnets with a

60 preferred direction of magnetisation in any desired direction in a particular shape. 60

WHAT WE CLAIM IS:(—
1. A bulk alloy which consists, by weight, of from 68.05, to 73.0% of
manganese, and from (1/10{Mn] — 6. 6)% to (1/3(Mnl — 22.2)% of carbon, the
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11. A method according to claim 10, in which the precipitation of the
| anel l ae is effected by cooling the alloy froma higher tenperature to a

—at—a—ecooHng—+rate- of
not nore than [err]/mn, 30 foll owed by quenching. 12. A nethod
according to claim10, in which the precipitation of the lanellae is
effected by holding the alloy at a tenperature of from[err] to : for
at least 7 mnutes, followed by quenchi ng. 35 - 13. A

according to any of clains 7 to in which the deforned all S
subject¥®d to tenpering at a termét‘*Z%QPPe of from[err] to [err] 4 A
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subj ect ed toér‘{beM?e FatG fro err r bef ore
def or mat | oqomg ses d‘lﬁ fgﬂ% ﬂd ‘%X.B{l’ rfey as herein
n

descr ibed ion bathyof Pb dnd to 7 9 14 a 16 to 10 17.
A net hod of M%Jg ) n?:retmm rlraghgubswmaihashermgmtlbe@lai hr;y 45
ani sot r opi of E@HK [ d_in any of clains
| to 5. 18. e brBel e 1580 o i a'm Beeh “na e"blaﬁlyt nzlerr?lé't hod clai ned in
claimi7. A A ATrH(ﬂRNT

z&n@@n all@%a: tlamedl nPatyecmcla?mos‘}, vNi)dht humaér | and

House, 303/“30}8“%‘1? J° °f\}¥ hisvRj esty’ s
Stationery |Gf thte if Publ i shed by

t he Pat ent aﬁ)‘seﬁtrap& 25 Sout harrpt on BUI di ngs, Y from whi ch
copi €30 nay  be 8obmaihad sccording to claim 7 in which the Mn—Al—C startmg alloy has a - 20
hexagonal phase.
9.A method according to claim 7 in which the Mn—AIl—C starting alloy has
an orthorhombic phase.
10. A method according to any of claims 7 to 9, in which lamallae of the
25 compound Mn,Alc and/or a face-centred cubic phase similar to Mn,AlC, as herein 25
defined, are precipitated in the Mn—AI—C alloy prior to the deformation
treatment,
11. A method according to claim 10, in which the precipitation of the lamellae
is effected by cooling the alloy from a hlgher temperature to a temgerature in the
30 range of from 900°C to 830°C at a cooling rate of not more than 10°C/min, 30
followed by quenching.
12. A method according to claim 10, in which the precipitation of the lameliae
is effected by holding the alloy at a temperature of from 830°C to 900°C for at
least 7 minutes, followed by quenching,
35 13. A method according to any of claims 7 to 12, in which the deformed alloy 35
is subjected to tempering at a temperature of from 480°C to 750°C. :
14. A method according to claim 7, in which the starting alloy contains 68.0%;
to 70.5% of manganese and in which the starting alloy is quenched from a
temperature of at least 900°C and then subjected to plastic deformation at a
40 temperature of from 600°C to 780°C. 40
15. A method according to claim 14, in which the quenched alloy is subjected
to tempering at a temperature of from 480°C to 750°C before deformation.
6. A method according to claim 7, substantially as herein described in any
of Examples 3 to 7, 9 to 14, and 16 to %.
45 17. A method of makmg a permanent magnet which is magnetically 45
anisotropic, which comprises magnetising the alloy claimed in any of claims 1 to 5.
| 1817A permanent magnet which has been made by the method claimed in
claim
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