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SPECIFICATION

TITLE OF THE INVENTION

ISOTROPIC PERMANENT MAGHRETS AND PROCESS

FOR PRODUCING SAME

FIELD OF THE IRVEHTION

The present invention relates generally to isotropic
permanent magnets and, more particularly, to novel magnets
basea on FeBR alloys and expressed in terms of FeBR and FeBRM.

In the present diéclosure. the term "isotropy" or
®"isotropic” ié used with respect to magnetic properties. 1In
the present invention: R is used as a symbol to indicate rare-
eartl elements including yttrium ¥, M is used as a symbol to

agencte additional elements such as Al, Ti, V, Cr, Mn, Zr, HEs

v
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Nb, Tar. Mo, Ge, Sbs Sns Bi, Ni and Wr and A 1is used as a
symbol to refer to elements such as copper Cus phosphorus P,
carbon C. sulfur S, calcium Ca, magnesium Mg, oxygen O and

silicon Si.

BACKGROUND OF THE INVENTIOHN

Permanent magnets are one of functional materials which
is practically indispensable for elec'tronic equipments. The
permanent magnets currently in use mainly include alnico
magnets, ferrite magnets: rare earth-cobalt (RCo) magnets and
more. With remarkable advances in semiconductor devices in
recent years, it 1is increasingly reguired to miniaturize and
upgraae the parts corresponding to hands and feet or mouths
(voice output devices) thereof. The permanent magnets used
therefor are required to possess high properties
correspondingly.

Althoughr among permanent magnets, the 1isotropic
permanent magnets are inierior to the anisotropic magnets in
certain points in view of performance‘r the 1iscotropic magnets
find good use due to such magnetic properties that no-
limitation i1s imposed upon the shape and the direction of
magnetization. However, there is left much to be desired in
performance. The anisotropic magnets rather than the
isotropic magnets are generally put to practiéal use due to
their usually high performance. Although the isotropic magnets
are substantially formed of the same material as the

anisotropic magnets, for instancer alnico magnetsr, ferrite
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magnets, MnAl magnets and FeCrCo magnets show a maximum energy
product (BH)max of barely 2 MGOe. SmCo magnets broken down
into RCo magnets show a relatively high value on the order of
4-5 MGOe, which is nonetheless only 1/4 - 1/6 times those of
the anisotropic magnets. In additions the SmCo magnets still
offer some problems in connection with practicality, since
they are very expensive because of the fact that samarium Sm
which is rare in resources is needed, and that it is required
to use a large amount, i.e.r, 50-60 weight % of cobalt Co, the
supply of which is uncertain.

It has been desired in the art to use resourceful light
rare earth such ass for exampler Cer Nd, Pr and the like in
place of Sm belonging to heavy rare earth and substitute Co
with Fe. However, it is well-known that light rare earth and
Fe do not form intermetallic compounds suitable for magnets:
even when they are mutually melted in a homogeneous state, and
crystallized by cooling. Furthermore, an attempt made 'to
improve the magnetic force of such light rare earth-Fe alloys
through powder metallurgical manners wvas also unsuccessful
(see JP fatent Kokai  (Laid-Open) Publication No. 57
(1982)-210934, pp. 6).

On the other hand, it is known that amorphous alloys
based on (Fe, Ni, Co)-R can be obtained by meltiguenching. In
particular, it has been proposed (in tﬁe aforesaid Publication
No. 57-210934) to prepare amorphous riﬁbons from binary alloys
based on'FeR (as R use is made of Ce{ ?r: Nd, Sm, Eur etc.):

especiaily FeNd and magnetizing the ribbons. whereby magnets
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are obtained. This process yields magnets having (BH)max of
4-5 HNGOe. However, since the resulting ribbons have a
thickness ranging from several microns to a few tens micronss
they should be laminated or compacted after pulverization in
order to obtain magnets of practical bulk. With any existing
methodss a 1lowering of density and a further lowering of
magnetic properties wounld take place. After all, it 1is

unfeasible to introduce improvements in magnetic properties.

SUHNIARY OF THE INVENTION

It is a principal object of the present invention to
provide novel permanent magnets superseding the conventional
isotropic perménent magnet materials.

More ©particularly, the present invention aims at
providing 1isotropic permanent magnets (and materials) having
magnetic properties eguivalent tor or greater thans those of
the coventional products, in which resourceful materials,
especially Fer and resourceful rare-earth elements are mainly
usedrs and in which Sm and the 1like having problems in
resources may not necessarily be used as R.

Furthermorer, the present invention aims at providing
isotropic permanent magnets having improved magnetic
properties such as improved coercive force. _

In addition: tﬁe present invention aims at providing
isotropic permanent magnets which are inexpensiver but are

practically of sufficient value.

The present invention also aims at providing a process
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for the production of these magnets.

According to lst43rd aspects of the present invention:
there are provided magnetically isotropic sintered permanent
magnets based on FeBR type compositions. HMore specifically'
according to thé first aspect, there is providea an isotrOpié
sintered permanent magnet based on FeBR; according to the
second aspect: there is provided an FeBR base magnet, the mean
crystal grain size of which is 1-160 microns after sintering;
and according to the third aspect, there is provided a process
for the production of the FeBR base, 1isotropic sintered
permanent magnets as referred to the first and secoﬁd aspects.

The 4th-6th aspects of the present invention relate to
FeBRM type compositions. More specifically, according t6 the
fourth aspect:, there is provided an isotropic permanent magnet
based on FeBRM; according to the fifth aspect, there 1is
provided a FeBRM base magnet, the mean crystal grain size of
wvhich is 1-100 microns after sintering; and according to the
sixth aspect, there is provided a process for the production
-of the magnets as reffered to the fourth and fifth éspects.

The seventh aspect of the present inventioh is
concerned with an allowable level of impurities, which is
applicable to the FeBR and FeBRM systems alike, and offefs
advantages in view of the practical products and the process
of production thereof as Vell as comﬁerical prodﬁctivity.

In the present disclosure, "$" means "atomic %" unless

otherwise specified.

Thus, the isotropic permanent magnets according to the
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first aspect of the present invention are characterized in
that they have a composition (hereinafter referred to "the
FeBR composition or system®") comprisings in atomic percent,
10-25 & of Rs 3-23 § of boron B and the balance being iron Fe
and inevitable impurities, are isotropics and are obtained as
sintered bodies by powder metallurgy. 7~

The isotropic permanent magnets according to the ‘second
aspect of the present invention are charécterized in that they
have the aforesaid FeBR composition, and the sintered bodies
have a meén crystal grain size of 1-160 microns after
sintering.

The process of production according to the third aspect
of the present invention will be described later togethei with
that according to the sixth aspect of the present invention.

The present inventors already invented FeBR bases
anisotropic permanent magnets in which Sm and Co were not
necessarily used. Bs a result of intensive studies of
isotropic permanent magnets, it has further been found that
permanent magnets showing good isotropy can be obtazined from
the FeBR systems with the application of sintering. Based on h
such findings: the present invention has been accomplished.
The FeBR baser isotropic permanent magnets obtained according
to the present invention have properties equivalent to, or
greater than, those of the SmCo base: isotropié magnets: and
are inexpensive and practically of extremely high valuer since

expensive Sm may not necessarily be used with no need of using

Co.
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In the present invention, the term "isotropy" used to
indicate one of the properties of the permanent magneté means

that they are substantially isotropics i.e.r, in a sense that

no magnetic field is impressed during compacting or formings

and also implies isotropy that may appear by compacting or
forming.

The isotropic sintered permanent magnets accordiﬁg to
the fourth aspect of the present invention has a composition
based on FeBRN (hereinafter referred to "the FeBRM composition
or system"), which comprisess in atomic percentrs 10-25 % of R
(provided that R is at least one of rare-earth elements
including Y), 3-23 % of boron B:s no more than given percents
(as specified below) of one or two or more of the following

additional elements M (exclusive of M = 0 %, provided that,

when two or more additional elements M are addedr the combined.

amounts” of M is no more than the maximum value among the
values, specified below, of"said elements M actually added):.
and the balance being Fe and inevitable impurities entrained
from the process of prodauction:
-9.5 % Al, 4.7 % Ti, 10.5 % V. 8.5 % Crf
8.0 % Mn, 5.5 % Zr, 5.5 % HE, 12.5 % Nb:,
10.5 % 7Ta, 8.7 % Moy 6.0 3 Ges 2.5 % Sby
3.5 % Sn» 5.0 £ Bi, 4.7 ¥ Ni, 8.8 & W.
According to the fifth aspect of the present invention,
there is provided the permanent magnet of the fourth aspect in
which the sinterd body has a mean crystal grain size ranging

from about 1 micron to about 100 microns.

s e
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The isotropic sintered permanent magnete according to
the seventh aspect of the present invention comprises the FeBR
and FeBRM compositions in which one or more of A are further
contained in given percents. A stands for no more than 3.3 %
copper Cur no more than 2.5 % sulfur S, no more than 4.0 %
carbon Cr no more than 3.3 % phophorué,P, each no more than
4.0 % Ca and Hgr no more than 2.0 % O and no more than 5.0 %
Si. It is noted that the combined amount of A is no more than
the maximum value among the values specifiead above of said
elements A actually containedr andr when M and A are
contained: the sum of M plus A is no more than the maximum
value among the values specified above of said elementé M and
A actually aaded and contained.

The permanent magnets are obtained as magnetically
isotropic sintered bodiess a process for the preparation of
which is herein disclosed and characterized in that the
respective alloy powders of the FeBR and FeBRM comspostions
are compactedr followed by sintering (the third and sixth

aspects). It is nbted that the alloy powders are novel and

crystalline rather than amorphous. For instancer the starting

alloys are prepared by melting and cooled. The thus cooled
alloys are pulverized: compacted under pressure and sintered
resulting in isotropic permanent magnets. Cooling of the
molten alloys may usually be done by casting and;other cooling
manners.

Preferred embodiments of the present invention will now

be explained in further detail with reference to the
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accompanying drawings illustrating examples. It is understood
that the present invention is not limitea to the embodiments

illustrated in the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the relationship between the
amount of R (Nd) and coercive force iHc as well as residual

magnetic f£lux density Br;

Fig. 2 1is a graph showing the relationship between the

A

amount of B and iHc as well as Br;

Fig. 3 1is a graph showing the relationship between the
the mean crystal grain size distribution and the coérciﬁe
force in one example of the present invention; |

Fig. 4 is a graph showing the relationship between the
amount of some of the elements A and Br in the FeBRA system
(Fe-8B-15Nd-xA) ;

Figs. 5 and 6 are graphs showing the amounts of R and
B and Br and 1iHc of ﬁhe FeBRM systems (Fe-8B~xNd-1l1HMo,

Fe-xB-15Nd-1Mo) r respectively;

Figs. 7 and 8 are graphs showing the relationship

between the amount of M and Br in the FeBRxM system

(Fe-8B-15Nd~xM); and
Fig. 9 is a graph showing the relationship between the
the mean crystal grain size distribution of sintered bodies

and iHc in the FeBRM systems (Fe-8B-15Nd-2Al and
Fe-8B~15Nd-1Mo) .

IUOURUERIC PP
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GENERAL AND FIRST ASPECT

The FeBR, FeBRA, FeBRM and FeBRMA systems of the
present invention are all based on the FeBR systems and are
similarly determined in respect of the ranges of B and R.

To meet a coercive force iHc of no less than 1 kOe, the
amount of B should be no less than 3 atomic % (hereinafter "g"
stands for the atomic percent in the alléys) in the present
invention. An increase in the amount of B increases iHc but
Gecreases Br (see Figs. 2 and 6). Hencer the amount of B
shoulGc be no more than 23 % to obtain Br of at least 3 kG to
achieve (BH)max of no less than 2 MGOe.

Figs. 1 and 5 (wherein M denoﬁes Ho) are illustrative
of the relationship between the amount of R and iHc as well as
Br in the FeBR and FeBRM systems. As the amount of R
increasess, iHc increasesr but Br increases then decreases
depicting peak. Hencer the amount of R should be no less than
10 ¢ to obtain (BH)max of no less than 2 MGOe, and should be
no more than 25 % for similar reasons and due to the fact that
R is expensiver and so likely to burn that difficulties are
involved in technical handling and production.

Preferable with respect to Fer B and R are the FeBR
compositions in which R is 12-20 % with the main component
being light rare earth such as Nd or Pr (the light rare earth
amounting to 50 % or higher of the overall R). B!is 5-18 % and
the balance is Fers and the FeBRM compositions wherein the
aforesaid ranges hold for Fes B and R and M is further within

a range providing at least 4 kG Br, since it is then possible
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to achieve high magnetic pAroper’ties represented by (BH)max of
no less than 4 MGOe. ' |

Most preferable with respect to Fer B and R are the
FeBR compositions in which R is  12-16 % with the main
compon:nt being light rare earth such as Nd or Prs B is 6-18 ]
and the balance being Fe, and the FeBRM compositions wherein
the aforesaid ranges hold for Fe, B and R and M is within a
range providing at least 6 kG Br, since it is then possible to
achieve high properties represented by (BH)max of no less than
7 HMGOe. which has never been obtained in the conventional
isotrop.c permanent magnets.

Tie present invention ié very useful;: since the raw
materialt are inexpensive owing to the fact that resoufceful
rare eart" elements which are resourceful or f£ind no wide use
else can be used as Ryvand that Sm may not necessarily be
used, and i3y not be used as the main ingredient.

Besiies Y, R used in the permanent magneté of the
present inv ntion include light- and heavy-rare earth, and at
least one thﬁeof may be used. That is, use may be made of
Nd, Prs lantisnum La, cerium Ce, terbium Te: dyspfosium Dy«
holmium Ho, edium Er, europium Eu, samarium Sm. gadolihium
G4, promethium tm, thulium Tm, ytterbium Yb, lutetium Lurs Y
and the like. i%zsuffices to use light rare earth as R/ and
particular prefthce is given to Nd and Pr:'é.g.; no less
than 50 % of R Ormainly of R. Usually, it>suffices to use
one element as Rtibut"-practicélly. use may be made of

mixtures of two or mie elements such as mischmetal, dydimium,

v,
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etc. due to easiness in availability. Sm, Lar Ce, Gd. Y, etc.
may be used in the form of mixtures with light rare earth such
as Nd and Pr. R may not be pure light rare- earth elements,
and contain inevitable impurities entrained from the process
of production (other rare-earth elements, Ca, Mgr Fe, Ti, Cs
Or etc.)r as long as such R is industrially available.

The starting B may be pure boron dr alloys of B with
other constitutional elements such as ferroboron, and may
contain as impurities Als, C, silicon Si and more. The same

holés for all the aspects of the present invention.

THIRD ASPECT (Producing Process)

The FeBR base permanent magnets disclosed in the "prior
application are obtained as magnetically anisotropic sintered
bodiess and the permanent magnets of the present invention are
obtained as similar sintered bodiess except that they are
isotropic. In other words: the isotropic permanent magnets of
the present invention are obtained by preparing alloys: e.g.:s
by melting and cooling and pulverizing, compacting and
sintering the alloy compacts.

Melting may be carried out in vacuo of in an inert gas
atmosphere, and cooling may be effected byrs e.g.r casting.
For castingr a mold formed of copper or other_metals may be

, s
used. In the present invention, it is desired that a
water-cooled type mold is used with the application of a rapid
cooling rate to prevent segregation of the ingredients of

ingot alloys. After sufficient cooling, the alloys are
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coarsely ground in a stamp mill or like means and. then,
finely pulverized in an attritor, ball mill or like means to
no more than about 400 microns, preferably 1-100 microns.

In addition to the aforesaid pulverization manner,
mechanical pulverization means such as spraying and
physicochemical pulverization means - such = as reducing or
electrolytic means may be relied upon for the pulverization of
the FeBR base alloys. The alloys of the present invention may
be obtained by a so-called direct reduction process in which
the oxides of rare earth are directly reduced in the presence
of other constitutional elements (e.g., Fe and B or an alloy
thereof) with the use of a reducing agent such as Car Mg or
the like. |

The finely pulverizéd alloys are formulated into a
given composition. In this case: the FeBR base or mother
alloys may partly be added with constituticnal elements or
alloys thereof for the purpose of adjusting the composition.
The alloy powders formulated to the given composition are
compactéd under pressure in the conventional manner, and the
.resultant compact is sintered at a temperature approximately
of 900-1200 °C, preferably 1050-1150 °C for a given period of
time. It is possible to obtain the isotropic sintered magnet
bodies having high magnetic properties by selecting £he '
sintering conditions (especially temperature and time) in such
a manner that the mean crystal grain size of the sintered
bodies comes within the predetermined range after sintering.

For instance, sintered bodies having a preferable mean crystal
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grain size can be obtained by compacting the starting alloy
powders having a particle size of no more than 100 microns:
followed by sintering at 1050-1150 °C for 30 minutes to 8
hours.

It is noted that sintering is car;ied out preferably in
vacuo or in an inert gas atmosphere'which may be vacuo or
reduced pressurer €.g.:s 10—2 Torr or hiess or inert or
reducing gas with a purity of 99.9 % or higher at 1 - 760
Torr. During compactingr use may be made of bonding agents
such as camphor, paraffin, resins, ammonium chloride or the
l1ike and lubricants or compacting aids such as zinc stearate;

calcium stearate, paraffin, resins or the like.

EXAMPLES (First-Third Aspects)

The first-third aspects of the present invention will
now be elucidated with reference to examples, which are given
for the purpose of illustration alone and are not intended to
impose any limitation upon the present invention.

Samples of 77Fe-B8B-15Nd were prepared by the foliowing
steps. In what follows, the unit of purity is weight %.
(1) Referring to the starting materialss electrolytic iron
of 99.9 & purity was used as Fe; a ferroboron alloy containing
19.4 % of B with the balance being Fe and impurities of Al, S5i

S

and C as B; and rare earth of 99.7 % purity or higher as R
(impurities were mainly other rare-earth metals). These
materials were fomulated into a given étomic ratio, melted and

cast in a water-cooled copper mold.
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(2) The cooled alloy was coarsely stamp-milled to 35-mesh
through and, then, finely pulverized for 3 hours in a ball
mill .to 3-10 microns.
(3) The resultant powders were compacted under a pressure
of 1.5 t/cm2.
(4) Sintering was carried out at 1000-1200 °C for 1 hour in
argon in such a manner that the mean crystal grain size of the
sintered body came within a range of 5-30 microns, followd by
allowing to cool resulting in the samples.

The permanent magnet samples shown in Table 1 prepared
by the foregoing steps- Qere measured for the magnetic
properties iHc, Br and (BH)max thereof. Table 1 shows the
magnetic properties of the individual samples at 'room'
temperature,

Within the given ranges of the respective ingreaients:
iHc of no less than 1 kOe and Br of no less than 3 kG were
obtained. (BH)max of no less than 2.0 MGOe was also obtained.
Thus, high magnetic properties are obtained.

It 1is found that the combination of two or more
rare-earth elements is also ﬁseful as R. To .make ~a close
examination of the relationship between the amounts of R and B
and the magnetic properties, a number of samples were prepared
by the same steps on the basis of Fe-8B-xNd systems wherein x

= 0 - 35 % and Fe-xB-15Nd systems wherein x = 0 - 30 8.

Tables 1 and 2 show the iHc and Br measurements of the

sampl es.
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Table 1
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magnetic properties

No. compositions (at %) iHc (k0e)| Br (k@) gﬁgéz?x
Cl 85Fe~-15N4d 0 0 0
Cc2 55Fe-30B-15Nd 10.8 1.8 0.7
C3 76Fe-19B~5Pr 0 0 0
C4 53Fe-17B~-30Nd 13.5 2.2 1.0
1 82Fe-3B-15Nd 1.7 5.2 2.0
2 80Fe-5B-15Nd 3.4 5.3 4.5
3 77Fe~-8B-15Nd 8.5 6.4 8.7
4 68Fe-17B-15Nd 7.2 4.8 4.6
5 70Fe-17B-13Nd 5.3 4.9 4.8
6 65Fe—-12B~22Pr 11.0 3.4 2.3
7 63Fe-17B-10Nd-5Pr 7.2 4.7 4.1
8 75Fe-10B-8Nd-7Pr 7.4 6.2 7.8
S 68Fe-19B-8Nd~-5Pr—-2La 6.6 3.6 2.6
10 75Fe-10B-18Ho 6.0 3.2 2.1
11 70Fe-10B-10Er-5Pr 4.7 3.1 2.2
12 75Fe~10B-10Nd-4Dy-1Sm 3.8 5.3 3.6
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Like the ferrite or RCo magnets, the permanent magnets
of the FeBR base sintered bodies are the single domain, fine
particle type magnets, which give rise to unpreferable magnet
properties without being subjected to once pulverization
followed by compacting under pressﬁre'and sintering.

With the single domains, fine particle type magnets, no
magnetic walls are present within the fine particles, so that
the inversion of magnetization is effected only by rotation:
which contributes to further ‘increases in coercive force.

To this endr the relationship was investigated between
the crystal gfain' size and the magentic properties:
particularly iHc, of the permanent magnets qf the FeBR base
sintered bodies accoréing to the present invention, based on
the Fe~-8B-15Nd system. The results are given in Fig. 3.

The mean crystal grain size should be within a range of
'1-160 microns to achieve iHc of no less than 1 kOer and within
a range of 1-110 microns to achieve iHc of no less than 2 kOe.

A range of 1-80 microns is preferable, and a range of 3-10

nicrons is most preferable.

CRYSTAL STRUCTURE

The present inventors have already disclosed in detail
the crystal structure of the magnetic materig}s and sintered
magnets based on the FeBR base a'llo‘ys in prior -Européan
" “patent Application No. B3106573.5 (filed on July 5, 1983),  the
detailed -disclosﬁté 6f  which is .herewith referred to and

incorporated herein, subject to the ‘preponderence of the
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disclosure recited in this application. The same is also
applied to the FeBRM system.

Referring generally to the crystal structure, it is
believed that the magnetic material and permanent magnets
based on the Fe-B-R alloy according to the present invention
can satisfactorily exhibit their own magnetic properties due
to the <fact that the major phase 1is formed by the
substantially tetragonal crystals of the Fe-B-R type. The
Fe-B-R type alloy is characterized by its high Curie point and
it has further been experimentally ascertained that the
presence of the substantially tetragonal crystals of the
Fe-B-R type <contributes to the exhibition of magnetic
préperties. The contribution of the Fe-B-R base tetragonal
system alloy to the magnetic properties is unknown in the art:
and serves to provide a vital quiding principle for the
production of magnetic materials and permanent magnets having
high magnetic properties as aimed at in the present invention.

The tetragonél system of the Fe-B-R type alloys
accoraing to the present invention has lattice constants of (o
: about B.8 E and Co : about 12.2 k. It is useful where this
tetragonal system compounds constitute the major phase of the
Fe-B-R type magnets, 1i.e.r it should occupy 50 vol $ or more
of the crystal structure in order to yield practical and good
magnetic properties. . !

Besides the suitable mean crystal grain size of the
Fe-B-R base alloys as discussed hereinabove the presence of a

Rare earth (R) rich phase (i.e., including about 50 at % of R)
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serves to yielaing of good magnetic properties, e.g.r the
presence of 1 vol % or more of such R-rich phase is very
effective.

The Fe-B-R tetragonal éystém compounds are}present in a
wide compositional range, and may be present in a stable state
also upon addition of certain elements other than R, Fe and B.
The  magnetically effective tetragonal system  may be
"substantially tetragonal®™ which term comprises ones that have
a slightly deflected angle between ar b and c axesr e.g.:
within about 1 degree, or 6nes that have o slightly different
from bos e.g., within about 1 %.

The same is applied to the FeBRH system.'

The aforesaid fundamental tetragonal system compounds
are stable and provide good permanent magnets, even when they
contain up to 1 $ of H, Li, Nar K. Bes Sr, Bar Ag, Zn, N, F.
Ser Ter Pbs or the like.

As mentioned abover, contribution of the Fe-B-R type
tetragonal system_compounds to the magnetic properties have
been entirely unknown in the art. It is thus new faét that
high properties suitable for permanent magnets are obtained by
forming the major phases with these new compounds.

In the field of R-Fe alloys: it has been reported‘to'
prepare ribbon magnets by melt-quenching. However, the
invented magnets are differen£ from the ribbon éagnets in the
following several points. That is to say. the ribbon magnets
can exhibit permanent magnetic properties in a transition

stage from the amorphous or metastable crystai phase to the
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stable crystal state. Reportedly, the ribbon magnets can
exhibit high coercive force only if the amorphous state still

remainss or otherwise metastable Fe3B and RGPe23 are

present as the major phases. The invented magnets have no - . .

signs of any alloy phase remaining in the amorphous stater, and

the major phases thereof are not Fe,B ang R_.Fe

3 23°

When the magnets of the present in;éhtion &re preparedr
use may be made of granulated powders {(on the order of several
tens-several hundredas microns) obtained by adding binders and
lubricants to the alloy powders. The binders and lubricants
are not usually employed for the forming of anisotropic
magnets, since they disturb orientation. However: they Ean be
incorporated into the magnets of the present iﬁvention: since
the inventive magnets are isotropic. Furthermorer the
incorporation of swoch agents would possibly result in
improvements in the efficiency of compacting and the strength
of the compacted bodies.

In preferred embodiments; the isotropic permanent
magnets obtained according to the present invention have the
magnetic properties higher than those of all the existing
isotropic permanent magnets andr moreover, do not require to
rely upon expensive ingredients such as Sm and Co. The
present invention is also highly advantageous in that it'is
possible to manufacture magnet products og‘ practically
sufficient bulk that is by no means achieved in the proposed

amorphous ribbon process.

As stated in detail in the foregoings the FeBR base

o
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isotropic permanent magnets according to the first-third
aspects of the ©present invention give high magnetic
properties: making use of inexpensive R materials such as
light rare earth (especially Nd, Pr, 'etc,): particularly

various mixtures of light- and heavy-rare earth.

FOURTH ASPECT

According to the fourth aspect of the present
invention: additional elements M are addaed to the FeBR base
alloys as disclosed in the first-third aspects to contemplate
improving in principle the <coercive force IiHc thereof.
Namelyr the incorporation of M gives rise to a steep increase
in iHc upon increase in the amount of B or R. Generally; as B
or R increases Br rises and decreases after depicting a
maximum valuer wherein M brings about increase of iHc just in
& maximum range of Br. As M, use may be made of one or more
of Al, Ti, V. Crs+ Mn, Z2rr, Rf, Nb, Ta, Mo, Ges Sbs Sn, Bir Ni
and W. In general: the coercive force iHc drops with
increases in temperature. However, it is possible to increase
iBc at normal temperature by the addition Of‘Mr so that no
demagnetization would take ‘place upon exposure to elevated
temperatures. However: as the amount of M increases: there is
a lowering of Br ands resulting in a lowering of (BH) max»
since M is(are) a nonmagnetic element(s) '(s;ve Ni). The
M-containing alloys are very useful in‘ recently increasing
applications where higher iHc is needed even at the:price of

slightly reduced (BH)max, provided that (BH)max is no less
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than 2 MGOe.

To stuay the effect of the adaition of M upon Bry
experiments were conducted in varied amounts of M. The
results are shown in Figs., 7 and 8.

It is preferred to make Br no less than 3 kG so as to
make (BH)max equivalent to, or greater than, about 2 MGOes the
level of hard ferrite. As shown in Figs. 7 and 8, the. upper
limits of M are as follows:

9.5 & Al, 4.7 % Tis 10.5 8 V, 8.5 ¢ Cr/
8.0 % Mns 5.5 % 2rs 5.5 & Hf, 12.5 % Nb,
10.5 % Tar 8.7 % Mo 6.0 & Gey 2.5 % Sbs
3.5 % Snr 5.0 $ Bis 4.7 % Hi, 8.8 $ W.

When two or more elements M are adﬁed; the resulting
properties appear by way of the synthesis of the properties of
the idividual elements, which varies depending upon the
proportion thereof. The amounts of the individual elements M
are within the aforesaid ranges: and the combined amount
thereof 1is no more than the maximum values determined with
respect to the individual elements which are actually added.

The addition of M incurs a gradual lowering of residual
magnetization Br. Hence, according to the present inventions
the amount of M is determined such that the obtained magnets
have a Br value eguivalent tor or greater than, that of the
conventional hard ferrite magnets and a éoercivé force
eguivalent tor or greater thanr that of the conventipnal
products. Preferable amounté of M may be determined by

selecting the amounts of M in whichs e.g.r Br of no less than
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4.0 kG and no less than 6.0 kG or any désited value between Br
of 2-6.5 kG or higher is obtained as shéwn in Figures 7 and 8.

Fundamentally, the addition of Mihas an effec£ upon the
increase in coercive force iHc;'whiéhrsin_turnr increases the
stability and, hence, the use of magﬁét§.

Preferred is a range of M as heééinbelow.specified for
obtaining Br of 4 kG or higher: |

7.8 % Al. 3.8 & Ti, 7.8 % V. 6.9 % Cr,s

6.9 % Mn, 4.8 % Zr, 4.5 % HE, 10.0 % Nb,

8.8 % Tar 7.6 % Mo, 5.0 % Ge; 2.0 % Sh,

2.7 % Snr 4.2 % Bi. 3.8 % Ni; and 7.9 % W,
wherein the same is applied when two orimore of M are added.

More preferred is a range of M as hereinbelow specified
for obtaining Br of 6 kG or higher:

3.4 % Al, 1.3 ¢ Ti, 3.4 % Vi 1.5 % Cr»

2.1 % HMn. 1.9 % Zr, 1.7 & HE, 2.8 & Nby

3.0 ¢ Tar 2.8 % Mor 1.6 % Ge, 0.5 % Sby

0.7 & Sn: 1.9 % Bis 1.3 % Ni, and 3.7 % W,
wherein the same is applied when two or more of M are added.
The range of M is most preferably 0.1-3.7 % to_achieve‘(BH)max
of about 7 MGOer taking into cosideration the‘effects thereof
upon the increase in iHc and the loweriné of Br as well as
upon (BH) max. As M, V, Nb, Ta, Mor W, Cr and Al are
preferred, while a minor amount of Al is particuérly useful.

The relationship between the amount of M and the

coercive force has been established by way of & wide range of

experiments.
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FIFTH ASPECT

According to the fifth aspect of the present invention:
it is clarified that good magnetic properties are achieved
when the FeBRM base sintered bodies have a mean crystal grain
size within a given constant range. Thét isr iHc of no less
than 1 kOe is satisfied, when the mean crystal grain size of
the sintered bodies is in a range of about 1 to about 100
microns. B preferable range is 1-80 microns, and a most
preferable range is 2-30 microns:s wherein further enhanced iHc

is obtained.

This is substantially true of the FeBRM systems and the

FeBRIMA systems alike.

SIXTH ASPECT

Producing proceSs is substantially the same as the
third aspect except for preparation of the starting alloys or
alloy powders. The zaditional elements M may be addaed to the
FeBR base alloy(s) or may be prepared as FeBRIM alloys. Minor
amount of &alloys of the constitutional elements of Fe:s Br R

and M may be added to the mother alloys for formulating the

final composition.

SEVENTH ASPECT

The permanent magnets according to the seventh aspect
of the present invention may permit the entrainment or the

elements A in quantities in or below given %. A includes Cur
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Sy C» P, Car Mg, Or Si and the like. When the FeBR and FeDRM
base magnets are industrially prepared, such elements may
often be entrained therein from the raw materialss, the process
of production, etc.. For instance: when FeB is used»és the
raw material, S and P may bftEn be entrained. in’mOSt'éases,
C remains as the residue of organic bindérs,(compactingfaids)
used in the process of powder metallurgy. Cu is freguently
contained in cheap raw materials. Ca andé Mg may easily be
entrained from reducing agents. It has been observed that as
the amount of entrained A increases, the residual magnetic
flux density Br tends to drop.

As a result, when the amounts of Sr C:, P gnd Cu are no
more than 2.5 %, 4.0 %, 3.3 % and 3.3 %, respectively, ‘the
obtained properties (Br) are equal to, or greater than, those.
of hard ferrite (see Fig. 4). The allowable upper limits of
o] Cé, Mg and Si are 2 %, 4.0 %, 4.0 % and 5.0 %,
respectively.

When two or more elements A are entrained in the
magnets, the properties of the individual elements are
synthesized, and the total amount thereof is no more than the
maximum value of the values, specified abover of the actually
entrained A. Within this range;, Br.is equal tor, or greater
than, that of hard ferrite.

In the case of the FeBRMA base magnets En which the
isotropic permanent magnets based on FeBRM contain further A,
the combined amount of (M + A) is no more than the highest

upper limit of the upper limits of the elements actually added
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and entrained, as is substantially the case with two or more M
or A. This is because both M and A are apt to decrease Br.
In the case of the addition of two or more M and the
entrainment of two or more A, the resulting Br property
appears through the synthesis of the effects of the individual
elements upon Brr which varies depending upon the proportion
thereof.
Al may be entrained from a refractory such as an
alumina crucible into the alloyss but offers no disadantage
since it is useful as M. M and A have no essential influence

upon Curie point Tcs as long as they are within the presently

claimed compositional range.

EXAMPLES (Fourth-Sixth Aspects)

The fourth-sixth aspects of the present invention will
now be explained in further detail with reference to examples:
which are given for_;he purpose of illustration alone, and are
not intendeda to place any limitation on the invention.

Preparec were the samples based on FeBRM and FeBRMA
base alloys containing the given additional elements in the
following manner.

(1) Referring to the starting materialsrs electrolytic iron
of 99.9 % purity was used as Fe; ferroboron alloys and boron
of 99 % purity used as B; and Nd, Prr Dy Sm,;Ho, Er and Ce
each of 99 % purity or higher used as R (impurities were
mainly other rare-earth metals). The starting materials were

melted by high-freguency meltingr and cast in a water-cooled
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copper mold. As K use was made of Ti, Mo, Bi, Mn, Sb, Ni, Tas
Sn and Ge each of 99 % purity. W‘of 98 % purity, Al of 99.9 %
purityr, ana Hf of 95 % purity. Furthermore, ferrovanadium
containing 81.2 & of V., ferroniobihﬁléqntéinihg 67.6 % of Nb,
ferrochromium containing 61.9 % of Cr'Aand ferrozi?conium
containing 75.5 % of 2Z2r were used as V, Nbs Cr é&nd Zr,
respectively.

Where the elements A were COHt&iHEdIFUSE was made of S
of 99 % purity or higher., ferrophosphorus containing 26.7 % of
P, C of 99 % purity or higher, and electrolytic Cu of 99.9 %
purity or higher.

The unit of purity hereinabove is $ by weight.

(2) Pulverization

Coarse pulverization was carried out to 35-mesh through

in a stamp mill, and fine pulverization done in a ball mill

for 3 hours to 3-10 microns.

(3) Compacting was effected under a pressure of 1.5 t/cmz.
(4) Sintering was carried out at 1000-1200 °C for 1 hour in
argon in such a manner that the mean crystal grain size of the

sintered bodies came within a range of 5-10Vmicrons{ followed

by cooling down.

To investigate the magnet properties of the thus

obtained samples having a variety of compositions, iHc: Br and
(BH) max thereof were measured. Table 2 enumerates the
permanent magnet properties, iHcs Br and (BH)max of the

typical samples. Although not indicated numerically in the

table, the balance is Fe.
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magnetic properties

No. compositions (at %) iHe (koe) | Br (xG) Eﬁg&g?x
1 | Fe-8B-15Nd 8.5 6.4 8.7
2 | Fe-8B-10Nd-5Pr 5.4 4.8 4.3
3 | Fe-17B-15Nd 7.2 4.8 4.6

ca | Fe-15Nd-5a1 <1 <1 <1

c5 | Fe-20nd-3W <1 <1 <1
c6 | Fe-30B-15Nd-5A1 <1 <1 <1
c7 | Fe-8B-30Ma-5Cr >10 <1 | <1
c8 | Fe-17B-5Nd-2A1-1W <1 <1 <1
c9 | Fe-2B-15Na-1W 1.2 3.0 <1

10 | Fe-8B-15Nd-1Ti 9.2 5.9 6.9

11 | Fe-8B-15NG-3V 9.6 4.3 3.7

12 | Fe-8B-15Nd-1Nb 10.0 6.1 7.9

13 | Fe-8B-15Nd-0.5Nb 9.5 6.3 8.4

14 | Fe-8B-15NA-5Nb 11.0 4.4 3.9

15 | Fe-8B-15Nd-2Ta 9.8 5.6 6.0

16 | Fe-8B-15Na-2Cr 10.1 4.3 3.7

17 | Fe-8B-15NG-0.5Mo 9.4 6.3 8.2

18 | Fe-8B-15Nd-1Mo 10.2 5.8 6.8

19 | Fe-8B-15Nd-5Mo 11.0 4.2 3.5

20 | Fe-8B-15Nd-0.5W 10.5 5.9 7.4
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Table 2 - 2
magnetic properties
No. compositions. (at ‘%): Nine (kbé) ; Br (XG) ggg();;?x
21 | Fe-8B-15Nd-1W 12.3 5.8 7.0
22 | Fe-8B-15Na-5W 13.3 4.0 3.1
23 | Fe-8B-15Nd-3Mn 9.0 4.3 3.7
24 | Fe-8B-15Nd-3Ni 8.4 4.9 4.7
25 | Fe—8B-15Nd-0.5A1 9.7 5.9 7.3
26 | Fe-8B-15Nd-2A1 11.5 5.3 5.6
27 | Fe-8B-15Nd-5A1 11.9 4.2 3.4
28 | Fe-8B-15Nd-0.5Ge 8.9 5.7 6.2
29 | Fe-8B-15Nd-1Sn 11.8 4.7 4.4
30 | Fe-8B-15Nd-15b 10.1 4.6 4.1
31 | Fe-8B-15Nd-1Bi 10.2 5.3 5.7
32 | Fe-8B-15Nd-3Ti 9.1 4.7 4.4
33 | Fe-8B-15Nd-1HE 8.9 4.4 3.9
34 | Fe-8B-15Nd~1.5%r 10.3 4.7 4.3
35 | Fe-8B-15Pr-2Mo 8.8 5.4 6.0
36 | Fe-17B-15Pr-1Hf-2al 9.6 3.4 2.3
37 | Fe-8B-10Nd~-5Pr-2Nb-2Ti 9.9 4.1 3.4
38 | Fe-BB-20Nd-0.5M0~0.5W-1Ti | 14.0 3.6 | 2.5
39 | Fe-8B-12Nd-3Dy~0.5Nb-0.5Ti 9.2 4.1 3.4
40 | Fe-10B-14Nd-15m~-1A1-0.5W | 12.2 4.3 3.7
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magnetic properties
No. compositions (at %)
ific (koe) | Br (ke) | (PEINSX
41 Fe-12B-10Nd-5H0-2Nb 7.5 4.7 4.2
42 Fe-7B-19Nd-5Er-1Ta 11.2 5.3 5.0
43 Fe-8B-11Nd—-4Ce-1Al 5.3 4.9 4.8
44 Fe-10B-15Nd-1A1-1P 8.6 4.4 3.4
45 Fe-7B-16Nd-1Ti-1C 6.8 3.7 2.6
46 Fe-8B-15Nd-1W-0.5Cu 3.8 5.3 5.1
47 Fe-9B-14Nd-15i-1S 5.1 3.4 2.1

4 ————
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Although the alloys containing as R Nd, Pr, Dy'and Sm
are exemplified, 15 rare-earth elements (¥, Ce, Sms Eu, Tbs
Dy, Er, Tms, Yb, Lu, Nd» Prr Gd» BHo and La) show a
substantially similar = tendency. However, the alloys
containing Nd and Pr as the main component are much more
useful than those containing scarce ra.re earth (Sm, ¥, heavy
rare earth) as the main ingredient: since rare earth ores
abound relatively with Nd and Pr and, in particular, Nd does
not still find any wide use.

In Table 2, samples Nos. 4 through 9 inclusive are

reference examples for the permanent magnets of the present

invention.

Out of the examples of the present invention shown in

Table 2, examination was made of the relationship between the
coericive force 1iHc and the mean crystal grain size D
(microns) after sintering of Nos. 18 and 26. The results are
shown in Fig. 9. Even with the same magnet, the coercive
force varies depending upon the crystal grain size. Good
results are obtained in a range of 2-30 microns, and a peak
appears in a range of approximately 3-10 microns.

From this, it 1is concluded that the grading of mean
crystal grain sizes 1is regquired and preferred to take full
advantage of the permanent magnets of the present invention.
The graph of Fig. 9 was based on the data ;>btained in a
similar manner as already mentioned, provided however that the
particle size of alloy powders and the crystal grain size

after sintering were varied. RN
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The permanent magnets of the present invention can be
prepared with the use of commercially available materials: and
it is very advantageous to use the light rare-earth elements
as the key component of magnet materials. While heavy rare
earth is generally of less industrial wvalue due to the fact
that it is resourceless and expensive, it may be used alone or
in combination with light rare earth.

The increase in coercive £force contributes to ‘the
stebilization of magnetic properties. Hence. the addition of
M makes it feasible to obtain permanent magnets, which are
substantially very stable and show a high energy product. 1In
additions the entrainmment of the elements A within the given
range offers a practical advantage in view of the industrial
proauction of permanent magnets.

As described in detail in the foregoing, the present
invention provides permanent magnets comprising magnetically
isotropic sintered bodies based on FeBRr FeBRM: FeBRA and
FeBRMA base alloyss wnereby magnetic properties egual tor or
greater than, those achieved in the prior art are realized
particularly without recourse to resourceless or expensive
materials., In other words, the isotropic sintered bodies of
the present invention provide practical permanent magnets,
which are excellent in view of resources: prices and magnetic
properties, using as R light raré earth such!as Nd and Pr.
Thus, the present invention is industrially of high value.

Modifications apparent in the art may be made without

geparting from the gist of the present invention as disclosed

and claimed:
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CLAIMS
What is claimed is:
1. An isotropic permanent magnet formed of a sintered body
consisting essentially of, in atomic percent, 10 - 25 % of R

wherein R represents at least one of rare-earth elements

including ¥ 3 - 23 % of B and the balance being Fe and

inevitable impurities.

2. An isotropic permanent magnet formed of a sintered body
consisting essentially of, in atomic percent, 10 - 25 % of R
wherein R represents at 1least one of rare-earth elements
including ¥, 3 - 23 % of B and the balance beihg Fe and
inevitable impuritiess, in which the sintered body has a mean

crystal grain size of 1 - 160 microns.

3. A process for preparing isotropic permanent magnets
formea of sintered bodies comprising the steps:

melting and preparing alloys coemprisingr in atomic
percent, 10 - 25 % of R wherein R represents at leaét one of
rare-earth elements including ¥, 3 - 23 ¢ of B and the balance
being Fe and.inevitable_impurities:

cooling the resultant molten alloys:

pulverizing the resultant alloyss

compacting the pulverized alloys: and

sintering the resultant compact.
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4. A process for preparing isotropic permanent magnets
formed of sintered bodies comprising the steps:

compacting under pressure alloy powders comprising: in
atomic percentr 10 - 25 % of R wherein R represents at least
one of rare-earth elements including Y',B - 23 % of B and the
balance being Fe and inevitable impurities, and

sintering the resultant compact under such conditions
thiat the sintered bodies have a mean crystal grain size of 1 -

160 microns.

5. A magnet as defined in Claim 1 or 2r in whichr of said
impurities, Cu is no more than 3.3 %+ S is no more than 2.5 %
C is no more than 4.0 %, P is no more than 3.3 %, Ca is no
more than 4.0 %, Mg is no more than 4.0 %, O is no more than
2.0 $r and Si is no more than 5.0 %, whereinr when two or more
of said elements are containedr, the combined value thereof is

no more than the maximum value among the aforesaid values of

the actuzlly contained elements.

6. A process as defined in Claim 3 or 4, in which; of said
impuritiess Cu is no more than 3.3 %, S is no more than 2.5 %«
C is no more than 4.0 %, P is no more than 3.3 %, Ca is no
more than 4.0 %, Mg is no more than 4.0 %, O is no more than
2.0 % and Si is no more than 5.0 %, whereins wﬁen two or more
of said elements are contained, the combined amount thereof is
nc more than the maximum value among the aforesaid values of

the actually contained elements.
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7. An isotropic permanent magnet formed of a sintered body
consisting essentially of, in atomic percent, 10 - 25 & of R

wherein R represents at least one of rare-earth elements
including ¥, 3 - 23 % of Br given percents: specified below:s
of at 1least one of the following édditional elements M
exclusive of 0 % of KM, and the balance being Fe and inevitable

impuritiess provided that M stands for:

no more than 9.5 § Al, no more than 4.7 $ Ti.,
no more than 10.5 % V,‘ no more than 8.5 % Cr:
no more than 8.0 % Mna: , no more than 5.5 & Zr,
no more than 5.5 % Hf, no more Fhan 12.5 & Nbe
no more than 10.5 % Tas | - no more ﬁhan 8.7 %Mo,
no more than 6.0 % Ge, no more than 2.5 % Sb,
no more than 3.5 % Sn. no more than 5.0 % Bi.,

no more than 4.7 % Ni. and no more than 8.8 % W/

whereins when two or more of said elements M are added, the
combined amount thereof is no more than the maximum percent
value among the aforesaid values of the actually added

elements M.

8. An isotropic permanent magnét formed of a sintered
body, which comprisess in vatomic percent, 10 - 25 % of R |
wherein R represents at least one of rare—éarth- elements
including ¥, 3 - 23 % of Bs given percents, specified below.

at least one of the following additional elements M exclusive

of 0 % of M, and the balance being Fe and inevitable
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impuritiess provided that M stands for:

no more than 9.5 % Al., no more tkan 4.7 % Tis
no more than 10.5 % V. no more than 8.5 % Cr«
no more than 8.0 % Mns no more than 5.5 % Zr»
no more than 5.5 % HEf, no more than 12.5 % Nb:s
no more than 10.5 % Ta, no more than 8.7 % HMHos
no more than 6.0 % Ge: no more than 2.5 % Sbs
no more than 3.5 % Snr no more than 5.0 % Bi,
no more than 4.7 % HNis and no more than 8.8 % W:

wherein, when two or more of said elements M are addeds the
combined amount thereof is no more than the maximum percent
value among the aforesaiad values of the actually added
elements M, and

providgea that said sintered body has a mean crystal

grain size of about 1 - 100 microns.

8. A process for preparing isotropic permanent magnets
formecd of sintered bodies comrrising the steps:

melting and preparinc alloys comprisingr in atomic
percents 10 - 25 % of R wherein R represents:at least one of
rare-earth elements including ¥ 3 - 23 % of Br giver
percentsr specified belowr of at least one of the followinc
additional elements M exclusive of 0 % of M, and the balance
being Fe ana inevitable impurities, provided-that M stands
for: |

no more than 9.5 % Al, | no more than 4.7 % Ti.,

no more than 10.5 & Vs no more than 8.5 % Cr»
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no more than 8.0 % Mn., no more than 5.5 & Zr.

no more than 5.5 % Hf., no more than 12.5 % Nb:s
no more than 10.5 % Tar no more than 8.7 % Mor

no more than 6.0 % Ges no more than 2.5 % Sb:s

no more than 3.5 % Sn» no more than 5.0 % Bis

no more than 4.7 % Nis and no more than 8.8 & W,

and, when two or more of said elements M are added, the
combined amount thereof is no more than the maximum percent
value among the aforesaid values of the actually added
elements M,

cooling the resultant molten alloys:

pulverizing the resultant alloys:

compacting the pulverizea alloys:s and

sintering the resultant compact.

i10. A process for preparing isotropic permanent magnets
formed of sintered bodies comprising steps:

compacting an'alloys‘ comprising, in atomic percent, 10
- 25 % of R wherein R represents at least one of rare-earth
elements including ¥, 3 - 23 % of B given percents,Aspebified
below, of at least one of the following additional elements M
exclusive of 0 $ of M, and the balance being Fe and inevitable
impurities, provided that M stands for:

no more than 9.5 % Al, ' no more than 4.7 % Tis

no more than 10.5°'% V» | no more than 8.5 % Cr.
no more than 8.0 % Mn: no more than 5.5 & 2r»

no more than 5.5 & HEf. no more than 12.5 & Kby



0124655

- 38 -
no more than 10.5 % Ta: no more than 8.7 % Mos
no more than 6.0 % Ge: no more than 2.5 % Sb:
no more than 3.5 % Sn: no more than 5.0 % Bir
nc more than 4.7 % Ni, and no more than 8.8 % Wr

wherein, when two or more of said elements M are added, the
combined amount thereof is no more than the maximum percent
value among the aforesaid vealues of the actually .added
elements M, and

sintering the resultant compact under such conditions

that the sintered bodies have a mean crystal grain size of 1 -

100 microns.

11. A magnet as aefined in Claim 7 or 8: in whichs of saia
impurities{(A)s Cu is no more than 3.3 %+ S is no more than 2.5
%$r C is no more than 4.0 %, P is no more than 3.3 %, Ca is no
more than 4.0 %r Mg is no more than 4.0 %, O is no more than
2.0 $; and Si is no more than 5.0 %, wherein, when one or two
or more of said M and A, respectivelyr are containeds the
combined value of (M + 2) is no more than the maximum value

among the aforesaid values of the elements M and A actually

contained.

12. A process as defined in Claim 9 or 10, in whichr of
said impurities, Cu is no more than 3.3 %, S is no more than
2.5 %, C is no more than 4.0 %s P is no more than 3.3 %, Ca 1is
no more than 4.0 %r Mg is no more than 4.0 %, O 1s no more

than 2.0 & and Si is no more than 5.0 %r wherein, when one or
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two or more of said elements M ahd A, respectively, are
contained, the combined amount of (M + A) is no more than the
maximum value among the aforesaid values of the elements M

and A actually contained.

13. A magnet as defined in Claim 1+ 2, 7 or 8, in whichs in

atomic % R is 12 - 20% » and B is 5 - 18 %&.

14. A magnet as defined in Claim 13, in whichs R is 12 - 16
¢ and B is 6 - 18 %.

15. A process as defined in Claim 3, 4 9 or 10, in which,

in atomic % R is 12 - 20 %, and B is 5 ~ 18 %.

16. A process as defined in Claim 15, in which, in atomic

$s R is 12 - 16 $, and B is 6 - 18 %&.

17. A magnets as defined in Claim lr 2+ 7 or 8, in which R

contains 50 atomic % or higher of light rare earth elements.

18. A magnet as defined in Claim 17, in which R contains 50

atomic % or higher of (Nd + Pr).

-

19. A magnet as defined in Claim 18+ in which R is about 15

atomic ¢, and B is about 8 atomic &.

20. A process as defined in Claim 3+ 4+ 9 or 10, in which R
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contains 50 atomic % or higher of light rare earth elements.

21. A process as defined in Claim 20, in which R contains

50 atomic % or higher of (R4 + Pr).

22. A procecss as defined in Claim 21r in which R is about

15 atomic %+ and B is about 8 atomic %.

23. A magnet as defined in Claim 1, 25 7 or 8, in which the
major phase 1is formed by an FeBR type alloy having a

substantially tetragonal system crystal structure.

24, A magnet as defined in Claim 1, 2r 7 or 8: which

contains 1 vol. % or h%gher of a rare earth-rich phase.

25. A magnet as defined in Claim 1r 2, 7 or 8( which has

{BH)max of no less than 2 MGOe.

26. A magnet as defined in Claim 13, which has (BH)max of

no less than 4 MGOe.

27. A magnet as defined in Claim 14: which has (BH)max of

no less than 7 MGOe.

28. A magnet as defined in Claim 7 or 8, in which the

following elements M are contained in or below the following

given %:
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7.8 % al, 3.8 & Ti, 7.8 & V. 6.9% Cr.,
6.9 % Mn, 4.8 % Zr, 4.5 % Hf, 10.0 % Nb,
8.8 & Tar 7.6 & Mo, 5.0 & Ge: 2.0 ¥ Sby
2.7 % Snr 4.2 % Bis 3.8 & Ni, and 7.9 & W,

when two or more of said elements M are added:s

the combined amount thereof is no more than the maximum value

among the aforesaid values of said elements M actually added.

29. A process as defined in Claim 9 or 10, in which the

following elements M are contained in or below the following

given %:
7.8 % Al, 3.8 % Ti, 7.8% V. 6.9 % Cr,s
6.9 % Hn» 4.8 % Zr, 4.5 % HE, 10.0 % Nbs
8.8 % Tar 7.6 % Mor 5.0 % Ges 2.0 % Sbs
2.7 ¢ Snr 4.2 % Bi, 3.8 % Nir and 7.9 % W,

provided thatr when two or more of said elements M are addeds
the combinedamount thereof is no more than the maximum value
among the aforesaid values of said elements M actually added.

30.

A magnet as defined in Claim 16, in which the following

elements M are contained in or below the following given %:

3.4 $ A1, 1.3 % Tir 3.4 % V, 1.5 & Cr.,
2.1 % Mn, 1.9 % Zr, 1.7 % HE, 2.8 % Kb,
3.0 ¢ Tar~ 2.8 % Mor 1.6 % Ges 0.5°% Sbs
0.7 % Sns 1.9 % Bir 1.3 % Ni, and 3.7 % W

provided that, when two or more of said elements M are addedr

the combined amount thereof is no more than the maximum value
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- among the aforesaid values of said elements M actually aaded.

31. A process as defined in Claim 17, in which the
following elements M are contained in or below the following
given %: _

3.4 % Als 1.3 % Tis 3.4 % Vy 1.5 % Crr

2.1 % Mns 1.9 % Zrx, 1.7 & B, 2.8 % Nbs

3.0 & Tar 2.8 % Mor 1.6 % Ges 0.5 % Sby

0.7 % Snr 1.9 % Bir 1.3 % Ni, and 3.7 % W
proviaded that: when two or more of sazid elements M are aaded:
the combined amount thereof is no more than the maximum value

anong the aforesaid values of sazid elements M actually added.

32. ‘A magnet as Gefined in Claim 28, which has Br of no

less thah 4kG.

33. A magnet as defined in Claim 30, which has Br of no

less than 6 kG.

34. A magnet as defined in Claim 7 or 8, in which M is one

or more selected from the group consisting of V. Nbs Ta, Mos

Ws Cr and Al.

35. A magnet as defined in Claim 1, 2+ 7 or 8+ in which the

sintered body has a mean crystal grain size of 1 - 80 microns.

36. A magnet as defined in Claim 1 or 2, in which the
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sintered body has a mean crystal grain size of 3 - 10 microns.

37. A magnet as defined in Claim 7 or 8, in which the

sintered body has a mean crystal grain size of 2 - 30 microns.

38. A process as defined in Claim 3, 4, 9 or 10, in which
sintering 1is carried out at a temperature of 900 to 1200

degrees C.

39. A process as defined in Claim 38, in which sintering is

carried out in a nonoxidizing or reducing atmosphere.

40. A process as defined in Claim 39, in which said
atmosphere is vacuum or reduced pressurer, or an inert gas of

99.%9 % purity or higher under a pressure of 1 - 760 Torr.
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