
EP0338597B1 Description The present invention relates to rare earth-iron
base permanent magnets having a high energy product (BH)max and a high
coercitive force iHc, and in which expensive and resourceless cobalt is not
used at all or 5   contained in a reduced amount Permanent magnet materials
are one of the very important electrical and electronic materials which are
used in an extensive range covering from various electrical appliances for
domestic use to the peripheral de- vices of large-scaled computers. With
recent demands for electrical and electronic devices to reduce in size and
increase in efficiency, it has increasingly been desired to improve the
efficiency of the permanent magnet 10  materials, correspondingly. Typical
permanent magnet materials currently in use are alnico, hard ferrite and
rare earth-cobaltmagnets. Recent uncertainty of supply of the raw material
for cobalt has caused decreasing demand forthe alnico mag- nets containing
20-30 % by weight of cobalt. Instead, rather inexpensive hard ferrite is
now taking that position for magnet materials. On the other hand, the rare
earth-cobalt magnets are very expensive, since they contain 15  as high as
50-65 % by weight of cobalt and, in addition thereto, Sm that does not
abundantly occur In rare earth ores. However, such magnets are mainly used
for small magnetic circuits of high added value due to their much higher
magnetic properties over those of other magnets. In order that the rare
earth magnets are employed at low price as well as in wider ranges and
amounts, it is required that they be freed of expensive cobalt or they
contain only a reduced amount of cobalt, and their main rare earth metal
components be light 20  rare earth which abounds with ores. There has been
attempts to obtain such permanent magnets. For instance, A. E. Clark found
out that sputtered amorphous TbFe2 had an energy product of 29.5 MGOe at
[err], and showed a coercive force iHc of 3.4 kOe and a maximum energy
product (BH)max of 7 MGOe at room temper- ature upon heat-treated at
300-[err]. Similar studies were made of SmFe2, and itwas reported thatan
energy product of as high as 9.2 MGOe was reached at [err]. However, these
materials are all thin films prepared by 25  sputtering,from which any
practical magnets are notobtained whatsoever. Itwas also reported thatthe
ribbons prepared by melt-quenching of PrFe base alloys showed a coercive
force iHc of 2.8 kOe. Furthermore, Koon et al found out that, with
melt-quenched amorphous ribbons of [err], the coercive force iHc reached as
high as 9 kOe upon annealed at [err], and the residual magnetic flux
density Br was 5 kG How- ever, the (BH)max of the obtained ribbons is then
low because of the unsatisfactory loop rectangularity of the 30
demagnetization curves thereof (N. C. Koon et al, Appl. Phys. Lett
39(10),1981, 840-842 pages). L. Kabacoff et al have reported that a
coercive force on the kOe level is attained at room temperature with
respect to the FePr binary system ribbons obtained by melt-quenching of
[err]  compositions (x=0-0.3 in atomic ratio). However, these melt-quenched
ribbons or sputtered thin films are not any practical permanent magnets
(bod- ies) that can be used as such, and itwould be impossible to obtain
therefrom any practical permanent magnets. 35  It comes to this that it is
impossible to obtain bulk permanent magnets of any desired shape and size
from the conventional melt-quenched ribbons based on FeBR and the sputtered
thin films based on RFe. Due to the unsatisfactory loop rectangularity of
the magnetization curves, the FeBR base ribbons heretofore reported are not
taken as being any practical permanent magnets comparable to the
conventionally available magnets. Since both the sputtered thin films and
the melt-quenched ribbons are magnetically isotropic by nature, it is 40
virtually almost impossible to obtain therefrom any magnetically
anisotropic permanent magnets of high per- formance for the practical
purpose. In order to transfer the values for kG, kOe and MGOe, as given
above and below, into the proper Sl units, the following equations must be
used: 1 MGOe = 7.96 kJ/[err] 45                                      1 kOe
= 79.56 kA/m 1 kG = 10-1 T "R" generally represents rare earth elements
which include Y. 



One object of the present invention is to provide novel permanent magnet
materials or magnets in which anyexpensive material such as Co is not used,
and from which the disadvantages of the priorartare eliminated. 50
Another object of the present invention is to provide novel and practical
permanent magnets which have favorable magnetic properties at room or
higher temperatures, can be formed into any desired shape and prac- tical
size, show high loop rectangularity of the magnetization curves, and can
effectively use resourceful light rare earth elements with no substantial
need of using rare resources such as Sm. It is afurtherobject of the
present invention to provide novel permanent magnetmaterials ormagnetswhich
55  contain only a reduced amount of cobalt and still have good magnetic
properties. It isa furtherobject of the present invention to provide Fe-B-R
base magnetic materials and magnets show- ing an improvement (i.e.
reduction) in the temperature dependency. It is still further an object of
the present invention to provide permanent magnets with a high performance
2    EP 0 338 597 B1 such that has not been ever reported. Other objects
will become apparent in the entire disclosure. In consequence of intensive
studies made by the present inventors to achieve these objects, it has been
found that the magnetic properties, after sintering, of Fe-B-R alloys
within a certain composition range, inter 5   alla, the coercive force and
the loop rectangularity of demagnetization curves, are significantly
improved by forming (compacting) a powder having a specified particle size,
sintering the formed body, and, thereafter, sub- jecting the sintered body
to a heat treatment or a so-called aging treatment under the specific
conditions as mentioned in EP-A-1 26 802. However, more detailed studies
have led to findings that, by applying a two-stage heat treatment under
more specific conditions than in the aforesaid heat treatment, the coercive
force and 10  the loop rectangularity of demagnetization curves are further
improved and, hence, variations in the magnetic properties are reduced. The
process for producing a permanent magnet material according to the present
invention, comprises the steps of: forming an alloy powder having a mean
particle size of 0.3 to 80 [err] and composed of, in atomic per- centage,
8-30 % R (provided that R is atleastone of rare earth elements including
Y), 2-28 % B, and the balance 15  being Fe and inevitable impurities
(hereinbelow referred to as FeBR base alloy"), sintering the formed body
at900-[err], subjecting the sintered body to a primary heat treatment ata
temperature of 750-[err], then cooling the resultant body to a temperature
of no higher than [err] at a cooling rate of 3-[err]/min, and further
subjecting the thus cooled body to a secondary heat treatment at a
temperature of 480-[err]. The percentage hereinbelow refers to the atomic
percent if not otherwise specified. 20      The FeBR base alloy further
contains no more than 50 % of cobalt partially substituted for Fe of the
FeBR base alloy, whereby the Curie temperature of the resultant magnet
material is increased resulting in the im- proved dependency on
temperature. The FeBR base alloy may furthercontain no more than the given
percentage of at least one of the additional elements M (except for 0% M):
25        no more than 9.5% V,   no more than 12.5% Nb, no more than 10.5%
Ta,    no more than 9.5% Mo, no more than 9.5% W,   no more than 8.5% Cr,
no more than 9.5% Al,    no more than 4.5% Ti, no more than 5.5% Zr,    no
more than 5.5% Hf, 30        no more than 8.0% Mn,    no more than 8.0% Ni,
no more than 7.0% Ge,    no more than 3.5% Sn, 



no more than 5.0% Bi,    no more than 2.5% Sb, no more than 5.0% Si, and
no more than 2.0% Zn, provided that in the case where two or more of M are
contained the sum thereof is no more than the largest 35  value among the
specified values of the additional elements M as contained. Most of the
additional elements M serve to improvement in the coercivity. The FeBR base
alloy may further contain cobalt in the specific amount as mentioned above,
and may con- tain the additional elements M in the specific amount as
mentioned above. The foregoing and other objects and features of the
present invention will become apparent from the fol- 40  lowing detailed
description with reference to the accompanying drawing, which is given for
the purpose of il- lustration alone, and in which: Fig. 1 is a graph
showing the relation between the amount of Co and the Curie point Tc [err]
in an FeCoBR base alloy. The present invention will now be explained in
further detail. 45     In the permanent magnets in accordance with the
present invention, the amount of B should be no less than 2 % ("%" shall
hereinafter stand for the atomic percentage in the alloys) to meet a
coercive force iHc of no less than 3 kOe, and should be no more than 28 %
to attain a residual magnetic flux density Br of no less than about 6 kG
which is far superior to hard ferrite. The amount of R should be no less
than 8 % so as to attain a coercive force of no less than 3 kOe. However,
it is required that the amount of R be no higher than 50  30 %, since R is
so apt to burn that difficulties are involved in the technical handling and
production, and is expensive, too. The raw materials are inexpensive, and
so the present invention is very useful, since resourceful rare earth may
be used as R without necessarily using Sm, and without using Sm as the main
component. The rare earth elements R used in the present invention include
Y, and embrace light rare earth, and at 55  least one thereof may be used.
In other words, R embraces one of Nd, Pr, Dy, Tb Ho, preferably Nd and Pr,
or the like as R, but, practically, use is made of mixtures of two or more
elements (mischmetal, didymium, etc.) due to easiness in availability, etc.
Sm, Y, La, Ce, Gd, etc. may be used in the form of mixtures with other R,
especially Nd, Pr, Dy, Tb, Ho, etc. It is noted that R may not be pure rare
earth elements, and may contain 3    EP0338597B1 impurities, other rare
earth elements, Ca, Mg, Fe, Ti, C, 0, etc. which are to be inevitably
entrained from the process of production, as long as they are industrially
available. To obtain the most preferable effect upon an increase in
coercive force, a combination of [err], one or more selected from the group
consisting of Dy, Tb, Gd, Ho, Er, Tm and Yb, with R2 consisting of at least
80 % (per total [err]) of Nd and Pr and the balance being one 5   or more
rare earth elements including Y, except for [err], is used as R. It is
preferred to contain no Sm oras little as Sm, and La should not be present
much, too, preferably each below 2 % (more preferably below 1 %). The boron
B used may be pure boron or ferroboron, and may contain as the impurities
Al, Si, C, etc. In the magnet materials of the present invention, the
balance is constituted by Fe, save B and R, but may contain Impurities to
be inevitably entrained from the process of production. 10      Composed of
8-30 % R, 2-28 % B and the balance being Fe, the permanent magnet materials
of the present invention show magnetic properties expressed in terms of a
maximum energy product (BH)max exceeding largely 4 MGOe of hard ferrite. So
far as R is concerned, it is preferred that the sum of Nd and Pr is at
least 50 % (most preferred 80 % or more) in the entire R in order to attain
high magnetic properties with sureness and less expense. 15      Preferred
is a composition range in which light rare earth (Nd, Pr) accounts for 50 %
or more of the overall 



R, and which is composed of 12-24 % R, 3-27 % B and the balance of Fe,
Since (BH)max exceeds 10 MGOe. Very preferred is a composition range in
which the sum of Nd and Pr accounts for 50 % or more of the overall Rand
which is composed of 12-20 % R,5-24 % B and the balance of Fe, since the
resulting magnetic properties are then expressed in terms of (BH)max
exceeding 15 MGOe and reaching a high of 35 MGOe. If [err] Is 0.05- 20  5
%, R is 12.5-20 %, B is 5-20% and the balance is Fe, then the maximum
energy product (BH)max is main- tained at no lower than 20 MGOe with iHc of
no lower than 10 kOe. However, the aging treatment brings about an
additional effect. Furthermore, a composition of 0.2-3 % [err], 13-19 % R,
5-11 % B and the balance being Fe gives rise to a maximum energy product
(BH)max of no lower than 30 MGOe. Afurther preferable FeBR range is given
at 12.5-20 % R, 5-15 % B and 65-82.5 % Fe, wherein an energy 25  product of
20 MGOe or more is attainable. Above 20 % R or below 65 % Fe, Br will
decrease. iHc will decrease above 82.5 % Fe. Astill further preferable FeBR
range is at 13-18 % R, 5-15 % B, and 67-82 % Fe, wherein the energy prod-
uct can exceed 20 MGOe while at 5-11 % B can 30 MGOe. It is surprising that
the energy product of 40 MGOe or higher up to 44 MGOe can be achieved,
i.e., ap- 30  proximately at 6-7 % B, 13-14.5 % R, and the balance of Fe
(or with certain amount of Co and/or M). Co may be up to 10 % and M may be
up to about 1 %. In a little wider range, the energy product can be 35 MGOe
or more, i.e., 6-11 % B, 13-16 % R and the balance of Fe. M may be up to 2
% and Co may be up to 15 %. It should be noted that in the subsequent
aspects containing Co or M, these amounts should be included 35  in the Fe
amounts hereinabove discussed, since Fe is defined as the balance in every
composition. The permanent magnet materials according to the present
invention are obtained by pulverizing, forming (compacting), sintering, and
further heat-treating the alloys having the aforesaid compositions. The
preferred embodiments for the production of the permanent magnets according
to the present inven- tion will now be explained. 40      As the starting
materials use may be made of electrolytic iron as Fe, pure boron or
ferroboron as B, and rare earth R of 95 % or more purity. Within the
aforesaid range, these materials are weighed and formulated, and melted
into alloys, e.g., by means of high-frequency melting, arc melting, etc. in
vacuo or in an inert gas atmosphere, followed by cooling. The thus obtained
alloys are roughly pulverized by means of a stamp mill, a jaw crusher, etc.
and are subsequently finely pulverized by means of ajet mill, a ball mill,
etc. Fine pulverization 45   may be carried out in the dry manner to be
effected in an inert gas atmosphere, or alternatively in the wet manner to
be effected in an organic solvent such as acetone, toluene, etc. The alloy
powders obtained by fine pulverization are adjusted to a mean particle size
of 0.3-80 [err]. In a mean particle size below 0.3 [err], consid- erable
oxidation of the powders takes place during fine pulverization or in the
latersteps of production, resulting in no density increase the low magnet
properties. (A further slight reduction in the particle size might be pos-
50  sible under particular conditions. However, it would be difficult and
require considerable expense in the prep- aration and apparatus.) A mean
particle size exceeding 80 [err] makes it impossible to obtain higher
magnet properties, inter alia, make coercive force high. To obtain
excellent magnet properties, the mean particle size of fine powders is
preferably 1-40 [err], most preferably 2-20 [err]. The powders having a
mean particle size of 0.3-80 [err] are pressed and formed in a magnetic
field (of e.g, 55   no less than 5 kOe). Aforming pressure is preferably
500-3000 kg/[err]. For pressing and forming the powders in a magnetic
field, they may be formed per se, or may alternatively be formed in an
organic solvent such as acetone, toluene, etc. The formed body is sintered
at a temperature of 900-[err] for a given period of time in a reducing or
non-oxidizing atmosphere, for example, in vacuum of no higher than
1,33[err] mbar or in an 4    



EP 0 338 597 B1 inert or reducing gas atmosphere, preferably inert gas of
99.9 % or higher (purity) under a pressure of 1,33- 1000 mbar. At a
sintering temperature below [err], no sufficient sintering density is
obtained. Nor is high re- sidual magneticflux density obtained. At a
temperature of higher than [err], the sintered body deforms and
misalignment of the crystal grains occurs, so that there are drops of the
residual magnetic flux density and 5   the loop rectangularity of
demagnetization curves. On the other hand, a sintering period may be 5
minutes or longer, but, too long a period poses a problem with respect to
mass-productivity. Thus a sintering period of 0.5-4 hours is preferred with
respect to the acquisition of magnet properties, etc. in mind. It is noted
that it is preferred that the inert or reducing gas atmosphere used as the
sintering atmosphere is maintained at a high level, since one component R
is very susceptible to oxidation at high temperatures. When using the inert
gas 10  atmosphere, sintering may be effected under a reduced pressure of
1,33 mbar to less than 1 bar to obtain a high sintering density. While no
particular limitation is placed upon the rate of temperature rise during
sintering, it is desired that, in the aforesaid wet forming, a rate of
temperature rise of no more than [err]/min is applied to remove the or-
ganic solvents, or a temperature range of 200-[err] is maintained for 0.5
hours or longer in the course of heat- 15  ing for the removal of the
organic solvents. In cooling after sintering, it is preferred that a
cooling rate of no less than [err]/min is applied to limit variations in
the product (quality). To enhance the magnet properties by the subsequent
heat treatment or aging treatment, a cooling rate of no less than 100C/min
is preferably ap- plied after sintering. (However, it is noted that the
heat treatment may be applied just subsequent to sintering too.) 20
The heat treatment to be effected after sintering comprises the following
stages. First of all, the sintered body is subjected to a first-stage heat
treatment at a temperature of 750-[err] and, thereafter, is cooled to a
temperature of no higher than [err] at a cooling rate of 3-[err]/min.
Thereafter, the thus cooled body is subjected to a second-stage heat
treatment at a temperature of 480-[err]. Referring to the first-stage heat
treatment temperature, the first-stage heat treatment is so uneffective at
25   a temperature of less than [err] that the enhanced amount of the
coercive force is low. At a temperature ex- ceeding [err], the sintered
body undergoes crystal grain growth, so that the coercive force drops. To
enhance the coercive force of magnet properties and the loop rectangularity
of demagnetization curves, and to reduce variations therein, the
first-stage heat treatment temperature is preferably 770-[err], most pre-
ferably 790-[err]. 30      Referring to the cooling rate to be applied
following the first-stage heat treatment, the coercive force and the loop
rectangularity of demagnetization curves drop at a cooling rate of less
than [err]/min, while micro- cracks occur in the sintered body at a cooling
rate of higher than [err]/min, so that the coercive force drops. The
temperature range in which the given cooling rate should be maintained is
limited to ranging from the first- stage heat treatment temperature to a
temperature of no higher than [err]. Within a temperature range of 35   no
higher than [err], cooling may be effected either gradually or rapidly. If
the lower limit of a cooling tem- perature range at the given cooling rate
is higher than [err], there is then a marked lowering of coercive force. To
reduce variations in magnet properties without lowering them, it is desired
that the lower limit of a cooling temperature range at the given rate is no
higher than [err]. In order to enhance the coercive force and the loop
rectangularity of demagnetization curves as well as to reduce variations in
the magnet properties and 40  suppress the occurrence of micro-cracks, the
cooling rate is preferably 10-[err]/min, most preferably 20- 1000C/min. One
characteristic feature of the two-stage heat treatment is that, after the
primary heat treatment has been applied at a temperature of 750-[err],
cooling to a temperature of no higher than [err] is applied, whereby rapid
cooling is applied to the range between [err] and [err], and, thereafter,
the secondary heat 45  treatment is applied in a low temperature zone of
480-[err]. The point to be noted in this regard is, however, that, if the
secondary heat treatment is effected immediately subsequent to cooling such
as cooling in the fur- 



nace etc. after the primary heat treatment has been applied, then the
improvement in the resulting magnet properties are limited. In other words,
it is inferred that there would be between [err] and [err] an unknown
unstable region of a crystal structure or a metal phase, which gives rise
to deterioration of the magnet prop- 50  erties; however, the influence
thereof is eliminated by rapid cooling. It is understood that the secondary
heat treatment may be effected immediately, or after some delay, subsequent
to the predetermined cooling follow- ing the primary heat treatment. The
temperature for the secondary heat treatment is limited to 480-[err]. At a
temperature of less than [err] or higherthan [err], there are reduced
improvements in the coercive force and the loop rectangularity 56   of
demagnetization curves. To enhance the coercive force and the loop
rectangularity of demagnetization curves as well as to reduce variations in
the magnet properties, the temperature range of the secondary heat
treatment is preferably 520-[err], most preferably 550-[err]. While no
particular limitation is imposed upon the first-stage heat treatment time,
a preferred period of 5    EP 0 338 597 B1 time is 0.5 to 8.0 hours, since
temperature control is difficult in too short a time, whereas industrial
merits diminish in too long a period. While no particular limitation is
also placed upon the second-stage heat treatment time, a preferred period
of time is 0.5 to 12.0 hours, since, like the foregoing, temperature
control is difficult in too short a time, whereas 5   industrial merits
diminish in too long a time. Reference is now made to the atmosphere for
the aging treatment. Since R, one component of the alloy composition,
reacts violently with oxygen or moisture at high temperatures, the vacuum
to be used should be no higher than 1,33 [err] in the degree of vacuum. Or
alternatively the inert or reducing gas atmosphere to be used should be of
99.99 % or higher purity. The sintering temperature is selected from within
the aforesaid 10  range depending upon the composition of the permanent
magnet materials, whereas the aging temperature Is selected from a range of
no higher than the respective sintering temperature. It is noted that the
aging treatment including the 1st and 2nd-stage heat treatments may be
carried out subsequent to sintering, or after cooling to room temperature
and re-heating have been applied upon comple- tion of sintering. In either
case, equivalent magnet properties are obtained. 15      The present
invention is not exclusively limited to the magnetically anisotropic
permanent magnets, but Is applicable to the magnetically isotropic
permanent magnets in a substantially similar manner, provided that no
magnetic field is impressed during forming, whereby excellent magnet
properties are attained. Composed of 10-25 % R, 3-23 % B, and the balance
being Fe and inevitable impurities, the isotropic mag- nets show (BH)max of
no less than 3 MGOe. Although the isotropic magnets have originally their
magnet prop- 20  erties lower than those of the anisotropic magnets by a
factor of 1/4-1/6, yet the magnets according to the present invention show
so high properties relative to isotropy. As the amount of R increases, iHc
increase, but Br decreases after reaching the maximum value. Thus, the
amount of R should be no less than 10 % and no higher than 25 % to meet
(BH)max of no less than 3 MGOe. As the amount of B increases, iHc
increases, but Br decreases after reaching the maximum value. Thus, 25  the
amount of B should be between 3% and 23 % to obtain (BH)max of no less than
3 MGOe. Preferably, high magnetic properties expressed in terms of (BH)max
of no less than 4 MGOe is obtained in a composition in which the main
component of R is light rare earth such as Nd and/or Pr (accounting for 50
% or higher of the overall R) and which is composed of 12-20 % R, 5-18 % B
and the balance being Fe. Most preferable is a composition in which the
main component of R is light rare earth such as Nd, Pr, etc., and which 30
is composed of 12-16 % R, 6-18 % B and the balance being Fe, since the
resulting isotropic permanent mag- 



nets show magnetic properties represented in terms of (BH)max of no less
than 7 MGOe that has not ever been achieved in the prior art isotropic
magnets. In the case of anisotropic magnets, any binders and lubricants are
not generally used, since they interfer with orientation in forming. In the
case of isotropic magnets, however, the incorporation of binders,
lubricants, 35  etc. may lead to improvements in pressing efficiency,
increases in the strength of the formed bodies, etc. The permanent magnets
of the present invention may also permit the presence of impurities which
are to be inevitably entrained form the inductrial production. Namely, they
may contain within the given ranges Ca, Mg, O, C, P, S, Cu, etc. No more
than 4 % of Ca, Mg and/or C, no more than 3.5 % Cu and/or P, no more than
2.5 % S, and no more than 2 % of O may be present, provided that the total
amount thereof should be no higher 40  than 4 %. C may originate from the
organic binders used, while Ca, Mg, S, P, Cu, etc. may result from the raw
materials, the process of production, etc. The effect of C, P. S and Cu
upon the Br is substantially similar with the case without aging since the
aging primarily affects the coercivity. In this connection our earlier EP
appli- cation now published as EPA 101552 is referred to, wherein such
impurities may be defined to a certain level depending upon any desired Br
level. 45      As detailed above, the present invention realizes
inexpensive, Fe-base permanent magnets in which Co is not used at all, and
which show high residual magnetization, coercive force and energy product,
and is thus of industrially high value. The FeBR base magnetic materials
and magnets hereinabove disclosed have a main (at least 50 vol %:
preferably at least 80 vol %) magnetic phase of an FeBR type tetragonal
crystal structure and generally of the 50  crystalline nature that is far
different from the melt-quenched ribbons or any magnet derived therefrom.
The central chemical composition thereof is believed to be [err] and the
lattice parameters are a of about 88 nm and c of about 122 nm. The crystal
grain size in the finished magnet materials from which the magnets
according to the present invention are produced, usually ranges 1-80 [err]
( note for FeCoBR, FeBRM or Fe- CoBrM magnet materials 1-90 [err]),
preferably 2-40 [err]. With respect to the crystal structure EPA 101552 may
55   be referred to for reference. The FeBR base magnetic materials include
a secondary nonmagnetic phase, which is primarily composed of R rich
(metal) phase and surrounds the grains of the main magnetic phase. This
nonmagnetic phase is ef- fective even at a very small amount, e.g., 1 vol %
is sufficient. 6    EP 0 338 597 B1 The Curie temperature of the FeBR base
magnetic materials ranges from [err] (for Ce) to [err] (for Tb), typically
around [err] or more (for Pr, Nd etc.). The permanent magnets according to
the present invention may further contain cobalt Co in a certain amount (50
% or less) so that the Curie temperature of the resultant FeCoBR magnet
materials will be en- 5   hanced. Namely a part of Fe in the FeBR base
magnet material is substituted with Co. A post-sintering heat treatment
(aging) thereof improves the coercivity and the rectangularity of the
demagnetization curves, which fact was disclosed in the Japanese Patent
Application No.58-90802, corresponding to European application now EPA
126802. A further improvement can be realized through the two-stage heat
treatment as set forth hereinabove. 10  For the FeCoBR magnets the heat
treatment, as well as forming and sintering procedures, are substantially
the same as the FeBR base magnets. In general, it is appreciated that some
Fe alloys increase in Curie points Tc with increases in the amount of Co to
be added, while another decrease, thus giving rise to complicated results
which are difficult to antici- pate, as shown in Fig. 1. According to this
aspect, it has turned out that, as a result of the substitution of a part 



15  of Fe of the FeBR systems Tc rises gradually with increases in the
amount of Co to be added. Aparallel tendency has been confirmed regardless
of the type of R in the FeBR base alloys. Co is effective for increasing Tc
in a slightamount (of, for instance, barely 0.1 to 1 %). As exemplified
by(77-x)FexCo8B15Nd in Fig. 1, alloys having any Tc between ca. [err] and
ca. [err] may be obtained depending upon the amount of Co. In these FeCoBR
base permanent magnets the amounts of the respective components B, R and
(Fe+ Co) 20  are basically the same as in the eBR base magnets. The amount
of Co should be no more than 50 % due to its expensiveness and in view of
Tc improvements and Br. In general, the incorporation of Co in an amount of
5 to 25 %, in particular 5 to 15 % brings about pre- ferred results.
Composed of 8-30 % R, 2-28 % B, no more than 50 % Co and the balance being
substantially Fe, the 25  permanent magnets according to the present
invention show magnetic properties represented in terms of a coercive force
of no less than 3 kOe and a residual magnetic flux density Br of no less
than 6 kG, and exhibit a maximum energy product (BH)max exceeding by far
that of hard ferrite. Preferred is a compositional range in which the main
components of R are light rare earth (Nd, Pr) ac- counting for 50 % or
higher of the overall R, and which is composed of 12-24 % R, 3-27 % B, no
more than 50 30  % Co, and the balance being substantially Fe, since the
resulting (BH)max reaches or exceeds 10 MGOe. More preferable is a
compositional range in which the overall R contain 50 % or higher of Nd +
Pr, and which is com- posed of 12-20 % R, 5-24 % B, no more than 25 % Co,
and the balance being substantially Fe, since it is pos- sible to obtain
magnetic properties represented in terms of (BH)max exceeding 15 MGoe and
reaching 35 MGOe or more. When Co is no less than 5 %, the temperature
coefficient (a) of Br is no higher than 0.1 %/[err], 35  which means that
the temperature dependence is favorable. In an amount of no higher than 25
%, Co contri- butes to increases in Tc without deteriorating other magnetic
properties (equal or more improved properties being obtained in an amount
of no higher than 23 %). A composition of 0.05-5 % [err], 12.5-20 % R, 5-20
% B, no more than 35 % Co and the balance being Fe allows a maximum energy
product (BH)max to be maintained at no less than 20 MGOe and iHc to exceed
10 kOe. To such a composition, however, the effect of the aging 40
treatment is further added. Moreover a composition of 0.2-3 % [err], 13-19
% R, 5-11 % B, no more than 23 % Co and the balance being Fe shows a
maximum energy product (BH)max exceeding 30 MGOe. Over the the FeBR systems
free from Co, the invented FeCoBR base magnet bodies do not only have
better temperature dependence, but are further improved in respect of the
rectangularity of demagnetization curves by the addition of Co, whereby the
maximum energy product can be improved. In addition, since Co is 45  more
corrosion-resistant than Fe, it is possible to afford corrosion resistance
to those bodies by the addition of Co. With 50 % or less Co inclusion
substituting for Fe, almost the same applies as the FeBR base isotropic
magnets, particularly with respect to the R and B amounts. The referred
composition for (BH)max of at least 4 MGOe allows 35 % or less Co, while
the most preferred composition for (BH)max of at least 17 MGOe allows 50
23 % or less Co. Substantially the same level of the impurities as the FeBR
base magnets applies to the FeCoBR magnets. According to the present
invention, the certain additional elements M may be incorporated in the
FeBR base magnets as mentioned above. The additional elements M comprises
at least one selected from the group consisting of V, Nb, Ta, Mo, W, Cr,
Al, Ti, Zr, Hf, Mn, Ni, Ge, Sn, Bi, Sb, Si and Zn in the given amount as
set 55  forth below. The incorporation of M serves, in most cases, to
improvements in coercivity and loop squareness particularly for the
anisotropic magnet materials. In this case, the heat treatment as well as
the other preparations, e.g. forming, sintering etc. are substan- tially
the same as mentioned above. 7   



EP0338597B1 The amount and role of Co, R, and B are also substantially the
same as given above. Now, referring to the additional elements M in the
permanent magnets, they serve to increase the coercive force. Especially,
they serve to increase that coercive force in the maximum region of Br,
thereby improving the rectangularity of demagnetization curves. The
increase in the coercive force leads to an increase in the 5   stability of
magnets and enlargement of their use. However, Br drops with increases in
the amount of M. For that reason, there is a decrease in the maximum energy
product (BH)max. The M-containing alloys are very useful esp., in a (BH)max
range of no less than 6 MGOe, since there are recently increasing
applications where high coercive force is needed at the price of slight
reductions in (BH)max. To ascertain the effect of the additional elements M
upon Br, Br was measured in varied amounts of M to 10 measure Br changes.
In order to allow Br to exceed by far about 4 kG of hard ferrite and
(BH)max to exceed by far about 4 MGOe of hard ferrite, the upper limits of
the amounts of M to be added are fixed as follows: 9.5  % V,         12.5
% Nb,          10.5  % Ta, 15 9.5 %  Mo,         9.5 % W,            8.5 %
Cr, 9.5 %   Al,         4.5  % Ti,          5.5 % Zr, 20
5.5  % Hf,           8.0  %  Mn,         8.0  % Ni, 7.0  % Ge,          3.5
%  Sn,         5.0  % Bit 2.5  %  Sb,         5.0  %  Si,         2.0  %
Zn. 25 Exceptfor 0 % M, one ortwo ormore of M may be used. When two ormore
of M are contained, the resulting properties are generally represented in
terms of the intermediate values lying between the characteristic values of
the individual elements added, and the respective amounts thereof should be
within the aforesaid % ranges, 30 while the combined amount thereof should
be no more than the maximum values given with respect to the respective
elements as actually contained. In the aforesaid FeBRM compositions, the
permanent magnets of the present invention have a maximum energy product
(BH)max far exceeding that of hard ferrite (up to 4 MGOe). Preferred is a
compositional range in which the overall R contains 50 % or higher of light
rare earth ele- 35 ments (Nd, Pr), and which is composed of 12-24 % R, 3-27
% B, one or more of the additional elements M - no more than 8.0 % V, no
more than 10.5 % Nb, no more than 9.5 % Ta, no more than 7.5 % Mo, no more
than 7.5 % W, no more than 6.5 % Cr, no more than 7.5 % Al, no more than
4.0 % Ti, no more than 4.5 % Zr, no more than 4.5 % Hf, no more than 6.0 %
Mn, no more than 3.5 % Ni, no more than 5.5 % Ge, no more than 2.5 % Sn, no
more than 4.0 % Bi, no more than 1.5 % Sb, no more than 4.5 % Si and no
more than 1.5 % Zn 40  - provided that the sum thereof is no more than the
maximum given atomic percentage among the additional elements M as
contained, and the balance being substantially Fe, since
(BH)maxpreferablyexceeds 10 MGOe. More preferable is a compositional range
in which the overall R contains 50 % or higher of light rare earth ele-
ments (Nd, Pr), and which is composed of 12-20 % R, 5-24 % B, one or more
of the additional elements M - no more than 6.5 % V, no more than 8.5 % Nb,
no more than 8.5 % Ta, no more than 5.5 % Mo, no more than 45 5.5 % W, no
more than 4.5 % Cr, no more than 5.5 % Al, no more than 3.5 % Ti, no more
than 3.5 % Zr, no more than 3.5 % Hf, no more than 4.0 % Mn, no more than
2.0 % Ni, no more than 4.0 % Ge, no more than 1.0 % Sn, no more than 3.0 %
Bi, no more than 0.5 % Sb, no more than 4.0 % Si and no more than 1.0 % Zn
- provided that the sum thereof is no more than the maximum given atomic
percentage among the additional elements M as contained, and the balance
being substantially Fe, since it is possible to achieve (BH)max of 50 no
lower than 15 MGOe and a high of 35 MGOe or higher. A composition of 0.05 %
[err] 12.5-20 % R, 5-20 % B, no more than 35 % Co, and the balance being Fe
allows a maximum energy product (BH)max to be maintained at no less than 20
MGOe and iHc to exceed 10 



kOe. To such a composition, however, the effect of the aging treatment is
further added. Furthermore, a com- position of 0.2-3 % [err], 13-19 % R,
5-11 % B and the balance being Fe shows a maximum energy product 55
(BH)max exceeding 30 MGOe. Particularly useful M is V, Nb, Ta, Mo, W, Cr
and Al. The amount of M is pre- ferably no less than 0.1 % and no more than
3 % (most preferable up to 1 %) in view of its effect. With respect to the
effect of the additional elements M the earlier application EPA 101552 may
be referred to for reference to understand how the amount of M affects the
Br. Thus it can be appreciated to define the M 8    EP0338597B1 amount
depending upon any desired Br level. Referring to the isotropic magnets,
substantially the same as the foregoing aspects will apply except for those
mentioned hereinbelow. The amount of the additional elements M should be
the same as in this above mentioned anisotropic magnets provided that 5
no more than 10.5 % V,   no more than 8.8 % W, no more than 4.7 % Ti,    no
more than 4.7 % Ni, and no more than 6.0 % Ge is present. In the case of
the isotropic magnets generally certain amount of impurities are permitted,
e.g., C, Ca, Mg (each no more than 4%); P (no more than 3.3 %), S (no more
than 2.5 %), Cu (no more than 3.3 %), etc. provided 10  that the sum is no
more than the maximum thereof. In what follows, the inventive embodiments
will be explained with reference to the examples. It is under- stood,
however, that the present invention is not limited by the examples and the
manner of description. Tables 1 to 20 inclusive show the properties of the
FeBR base permanent magnets prepared by the fol- lowing steps. Namely,
Tables 1 to 5, Tables 6 to 10, Tables 11 to 15 and Tables 16 to 20
enumerate the properties 15  of the permanent magnet bodies of the
compositions based on FeBR, FeCoBR, FeBRM and FeCoBRM, re- spectively. (1)
Referring to the starting materials, electrolytic iron of 99.9 % purity
(given by weight %, the same shall hereinafter apply to the purity of the
raw materials) was used as Fe, a ferroboron alloy (19.38 % B, 5.32 % Al,
0.74 % Si, 0.03 % C and the balance of Fe) was used as B, and rare earth
elements of 99 % or more 20      purity (impurities being mainly other rare
earth metals) was used as R. Electrolytic Co of 99.9 % purity was used as
Co. The M used was Ta, Ti, Bi, Mn, Sb, Ni, Sn, Zn and Ge, each of 99 %
purity, W of 98 % purity, Al of 99.9 % purity and Hf of 95 % purity.
Ferrozirconium containing 77.5 % Zr, ferrovanadium containing 81.2 % V,
ferroniobium containing 67.6 % Nb and ferrochromium containing 61.9 % Cr
were used as Zr, V, Nb 25      and Cr, respectively. (2) The raw magnet
materials were melted by means of high-frequency induction. An aluminium
crucible was then used as the crucible, and casting was effected in a
water-cooled cooper mold to obtain ingots. (3) The ingots obtained by
melting were crushed to -35 mesh, and pulverized in a ball mill in such a
manner that the given mean particle size was obtained. 30     (4) The
powders were formed under the given pressure in a magnetic field. (In the
production of isotropic magnets, however, forming was effected without
application of any magnetic field.) (5) The formed bodies were sintered at
the given temperature within a range of 900-[err] in the given atmosphere
and, thereafter, were subjected to the given heat treatments. 35  Example 1
An alloy having a composition of 77Fe9B14Nd in atomic percentage was
obtained by high-frequency melt- ing in an argon gas and casting with a
water-cooled copper mold. The obtained alloy was roughly pulverized 



to no more than 40 mesh by means of stamp mill, and was then finely
pulverized to a mean particle size of 8 40    [err] by means of a ball mill
in an argon atmosphere. The obtained powders were pressed and formed at a
pres- sure of 2200 kg/[err] in a magnetic field of 10 kOe, and were
sintered at [err] for 2 hours in 1 bar argon of 99.99 % purity. After
sintering, the sintered body was cooled down to room temperature at a
cooling rate of [err]/min. Subsequently, the aging treatment was effected
at [err] for various periods in an argon atmos- phere, following cooling to
no higher than 650C at a cooling rate of [err]/min, and the aging treatment
was 45  further carried out at [err] for 2 hours to obtain the magnets of
the present invention. The resulting magnet properties are setforth in
Table 1 along with those of the comparison example where- in a single-stage
heat treatment was applied [err]. 50 55 9    EP0338597B1 Table 1 1st Stage
Aging Time    Br                       iHc          (BH)max Aging  Temp.
(hr)              (kG)       (kOe)         (MGOe) [err] Comparative 10
(After 1st Stage  Aging)               10.6         6.2          24.1 820
0.75          11.2        10.8          29.2 820                   1.0
11.2        11.9          29.4 15 820                   4.0           11.2
12.4          29.6 820                   8.0           11.2        10.9
29.1 20 Example 2 An alloy having a composition of 70Fe13B9Nd8Pr in atomic
percentage was obtained by melting in argon 25   gas arc and casting with a
water-cooled copper mold. The obtained alloy was roughly pulverized to no
more than 40 mesh by a ball mill, and was finely pulverized to a mean
particle size of 3 [err] in an organic solvent by means of a ball mill. The
thus obtained powders were pressed and formed at a pressure of 1500 kg/cm2
In a magnetic field of 15 kOe, and were sintered at [err] for 2 hours in
0,33 bar argon of 99.999 % purity. After sintering, the sintered body was
cooled down to room temperature at a cooling rate of 150C/min. Subsequent-
30  ly, the first-stage aging treatment was effected for 2 hours at various
temperatures as specified in Table 2, followed by cooling to no higher than
[err] at a cooling rate of [err]/min, and the second-stage aging treat-
ment was further effected at [err] for 8 hours to obtain the magnets of the
present invention. The resulting magnet properties are set forth in Table 2
along with those of the comparison example (after a single-stage aging
treatment). 35 Table 2 40        1st Stage                       Br
iHc           (BH)max Aging  Temp.      Aging Time    (kG)        (kOe)
(MGOe) [err]           (min) 800                    120              8.9
11.8              19.5 45 



850                    120              8.9    11.7              19.9 900
120              8.9    11.8              19.5 50              950
120             8.7          8.3          17.2 720 Comparative
120              8.6         6.3        15.3 Comparative (after 1st stage
aging)                     8.4         6.2          15.4 10    EP 0 338 597
B1 Example 3 Fe-B-R alloys of the compositions in atomic percentage, as
specified in Table 3, were obtained by melting in Ar gas arc and casting
with a water-cooled copper mold. The alloys were roughly pulverized to no
more than 5   50 mesh by means of a stamp mill, and were finely pulverized
to a mean particle size of 5 [err] in an organic solvent by means of a ball
mill. The powders were pressed and formed at a pressure of 2000 kg/cm2 in a
mag- netic field of 12 kOe, and were sintered at [err] for 2 hours in 0,2
bar Ar of 99.999 % purity, followed by rapid cooling to room temperature at
a cooling rate of 600C/min. Subsequently, the first-stage aging treatment
was effected at [err] for 2 hours in 0,65 bar Ar of high purity, followed
by cooling to no higher than 630C at 10  a cooling rate of [err]/min, and
the second-stage aging treatment was conducted at [err] for 4 hr to obtain
the invented alloy magnets. The results of the magnet properties are set
forth in Table 3 along with those of the comparison examples (after the
first-stage aging treatement). 15 Table 3 20
Br          iHc         (BH) max Composition                 (kG)
(kOe)        (MGOe) 78Fe9B13Nd                             11.4        14.3
27.1 25 69Fe15B14Pr2Nd                            8.5       12.4
15.8 30        71Fel4B10Nd5Gd                            8.9        10.9
17.3 66Fel938Nd7Tb                             8.1       12.4          15.2
35       69Fel4BlONd5Gd                            8.5
14.2 (after  1st stage  aging)                            6.9 66Fe19B8Nd7Tb
7.9        7.4          11.9 (after .1st stage  aging) Example 4 45
Fe-B-R alloys of the following compositions in atomic percentage were
obtained by melting in Ar gas arc and casting with a water-cooled copper
mold. The alloys were roughly pulverized to no more than 35 mesh by meansof
a stamp mill, and were finely pulverized to a mean particle size of 4 [err]
in an organicsolvent by means of a ball mill. The obtained powders were
pressed and formed at a pressure of 1500 kg/[err] in the absence of any
magnetic field, and were sintered at [err] for 2 hours in 180 Torr of 99.99
% purity, followed by rapid 50  cooling to room temperature at a cooling
rate of 400C/min. Subsequently, the first-stage aging treatmentwas effected
at [err] for 3 hours in 0,85 bar Ar of high purity, followed by cooling to
no higher than [err] at a cooling rate of 180C/min, and the second-stage
aging treatment was conducted at [err] x 2 hrto obtain the magnets of the
present invention. The results of the magnet properties are setforth in
Table 4 along with those of the samples subjected to the first-stage aging
treatment alone (comparison examples). 



55    EP 0 338 597 B1 Table 4 5 Br         iHc          (BH) max
Composition                    (kG)        (kOe)        (MGOe) 10
76Fe9B15Nd             .                  5.4       12.4             6.0
79Fe7B14Nd              .                5.6       13.0             6.2
78Fe8B12Nd2Gd                            5.6       12.3             5.9 15
76Fe9B15Nd (after 1st stage  aging)                 5.2         6.9
5.2 79Fe7B14Nd 20             (after  1st  stage  aging)              5.3
7.4         5.1 Example 5 25      Fe-B-R alloys of the following
compositions in atomic percentage were obtained by high-frequency melting
in an Ar gas and casting with a water-cooled copper mold. The alloys were
roughly pulverized to no more than 35 mesh by means of a stamp mill, and
were finely pulverized to a mean particle size of 3 [err] in an organic
solvent by means of a ball mill. The obtained powders were pressed and
formed at a pressure of 1500 kg/[err] in a magnetic field of 12 kOe, and
were sintered at 30   1080C for2 hours in 0,26 barArof 99.99 % purity,
followed by rapid cooling to room temperature ata cooling rate of
[err]/min. Subsequently, the aging treatment was effected at 800C for1
hourin 1 bar Ar, followed by cooling to room temperature ata cooling rate
of [err]/min, and the aging treatmentwasfurtherconducted at [err] for3
hours to obtain the magnets of the present invention. The results of the
magnet properties are set forth in Table 5 35  along with those of the
comparison example (after sintering). Table 5 40 Br         iHc
(BH)max Composition                   (kG)        (kOe)            (MGOe)
45       79.5Fe6.5B14Nd                              13.7        10.2
44.2 79.5Fe6.5Bl4Nd (Comparative,as-sintered)                   13.6
7.2           41.4 50 Example 6 An alloy of a composition of 62Fe6B16Nd16Co
in atomic percentage was obtained by high-frequency melt- 55  ing in an
argon gas and casting with a water-cooled copper mold. The alloy was
roughly pulverized to no more than 35 mesh by a stamp mill, and was finely
pulverized to a mean particle size of 3 [err] in an argon atmosphere by
means of a ball mill. The obtained powders were pressed and formed at a
pressure of 2000 kg/cm2 in a magneticfield of 15 kOe, were sintered at
[err] for 2 hours in I barargon of 99.99% purity, and were there- 12    EP
0 338 597 B1 



aftercooled down to room temperature at a cooling rate of [err]/min.
Further, the aging treatment was carried out at [err] for various times in
an argon atmosphere. After cooling to [err] had been carried out at a
cooling rate of [err]/min., the aging treatment was further conducted at
[err] for 2 hours to obtain the magnets ac- cording to the present
invention. The results of the magnet properties of the obtained magnets are
set forth 5   in Table 6 along with those of the comparison example wherein
one-stage aging was applied at [err] for 1 hour. Table 6 also shows the
temperature coefficient a (%/[err]) of the residual magnetic flux density
(Br) of the invented alloy magnets together with that of the comparison
example wherein only one-stage aging was ap- plied. 10 Table 6 Aging Temp.
Aging Time           Br        iHc      (BH) max [err]               (hr)
kG)      (kOe)       (MGOe)        [err] Comparative                11.0
6.9          19.6       0.085 (after 1st stage aging) 20 800
0.75          11.3   9.3          26.4       0.085 800              1.0
11.4    13.8       32.9          0.084 25              800             4.0
11.4    .13.6          32.4       0.084 800              8.0           10.3
13.4          32.0       0.085 30 Example 7 An alloy of a compostion of
60Fe12B15Nd3Y10Co in atomic percentage was obtained by melting an argon gas
arc and casting with a water-cooled copper mold. The obtained alloy was
roughly pulverized to no more 35  than 50 mesh by a stamp mill, and was
finely pulverized to a mean particle size of 2 [err] in an organic solvent
by means of a ball mill. The obtained powders were pressed and formed at a
pressure of 2000 kg/cm2 in a magnetic field of 10 kOe, were sintered at
[err] for 2 hours in 0,26 bar argon of 99.99 % purity, and were thereafter
cooled to room temperature at a cooling rate of [err]/min. The first-stage
aging was at the respec- tive temperatures as specified in Table 7 in 2,66
[err]mbar vacuum, followed by cooling to 350C at a cooling 40  rate of
350C/min. Subsequently, the second-stage aging was applied at [err] for 4
hours to obtain the mag- nets according to the present invention. The
results of the magnet properties and the temperature coefficient
[err](%/[err]) of the residual magnetic flux density (Br) of the magnets
according to the present invention are set forth in Table 7 along with
those of the comparison example (after the application of one stage aging).
45 50 65 13    EP 0 338 597 B1 Table 7 5 Aging Temp.    Aging Time
Br         iHc      (BH)max [err]           (min)        (kG)      (kOe)
(MGOe) 10          700               120             10.6        8.1
17.3       0.084 800              120           11.8       10.9       28.1
0.082 850              120           11.9       12.4        33.4
0.083 



15          900               120           11.9       13.0        33.6
0.083 950          120              11.9       13.2        33.9       0.083
Comparative                         10.6          6.4        20.4
0.083 (after 1st stage aging) Example 8 25 FeBRCo alloys of the
compositions in atomic percentage, as specified in Table 8, were obtained
by melting in argon gas arc, and casting with a water-cooled copper mold.
The obtained alloys were roughly pulverized to no more than 40 mesh by a
stamp mill, and were finely pulverized to a mean particle size of 4 [err]
In an organic solvent by means of a ball mill. The obtained powders were
pressed and formed at a pressure of 1500 30  kg/cm2 in a magnetic field of
15 kOe, were sintered at  [err] for 2 hours in 0,26 bar argon of 99.99 %
purity, and were thereafter rapidly cooled down to room temperature at a
cooling rate of [err]/min. The first-stage aging was then effected at [err]
for 2 hours in 0,79 bar argon, followed by cooling to [err] at a cooling
rate of [err]/min. Subsequently, the second-stage heat treatment was
carried out at [err] for 2 hours to obtain the magnets according to the
present invention. The resulting magnet properties and the tempeature
coeffi- 35  cient [err] (%/[err]) of Br are set forth in Table 8 together
with those of the comparison example subjected to one- stage aging alone.
40 45 50 55 14    EP 0 338 597 B1 Table 8 5 Composition                Br
iHc      (BH)max        [err] (kG)         (kOe)      (MGOe)
(%/[err]) 59Fe10B17Nd14Co                      12.3       9.4      34.0
0.08 10 58Fe8B14Pr20Co                       12.2      12.4           32.5
0.07. 62Fe8B13Nd2Tb15Co                    11.8.       10.9         24.8
0.08 46Fe6B14Nd2La32Co                    12.2        13.5         27.6
0.06 15 60Fe6B12Nd2Ho20Co                     11.2       .8 .4      22.8
0.07 60Fe6B12Nd2Ho20Co (Comparative;                        11.0
6.3        20.3        0.07 after 1st stage aging) 20 Example 9 25 FeBRCo
alloys of the following compositions in atomic percentage were obtained by
melting argon gas arc and casting with a water-cooled copper mold. The
alloys were roughly pulverized to no more than 25 mesh by a stamp mill, and
were finely pulverized to a mean particle size of 3 [err] in an organic
solvent by means of a ball mill. The thus obtained powders were pressed and
formed at a pressure of 1500 kg/[err] in the absence 



30  of any magnetic field, and were sintered at [err] for 2 hours in 0,33
bar argon of 99.99 % purity. After sin- tering, rapid cooling to room
temperature was applied at a cooling rate of [err]/min. The primary aging
treat- mont was then carried out at [err] for 4 hours in 0,85 bar argon,
followed by cooling to [err] at a cooling rate of [err]/min. Subsequently,
the secondary aging treatmentwas conducted at6500Cfor2 hours to obtain the
magnets according to the present invention. The results of the magnet
properties are set forth in Table 9 35  along with those of the sample
(comparison example) wherein only the primary aging treatment was applied.
Table 9 40 Composition                       Br         iHc         (BH)max
(kG)    (kOe)    (MGOe) 45          65Fe9B16Nd10Co
5.2       13.4          5.8 61FelOB17Nd12Co                          5.4
13.6           6.0 62Fe8B13Nd2Gd15Co             .          5 .6        12.
7         5.7 50           65e9B16N10Co (after  1st stage  aging).
5.2           8.6 61Fe10B17Nd12Co 55        (after 1st stage  aging)
5.3           8.3           5.0 15    EP 0 338 597 B1 Example 10 FeCoBR
alloys of the following compositions in atomic percentage were obtained by
melting in argon gas arc and casting with a water-cooled copper mold. 5
The obtained alloys were roughly pulverized to no more than 35 mesh by a
stamp mill, and were finely pulverized to a mean particle size of 3 [err]
in an organic solvent by means of a ball mill. The obtained powders were
pressed and formed at a pressure of 1500 kg/[err] in a magnetic field of 12
kOe, and were sintered at [err] for 2 hours in 0,26 bar argon of 99.99 %
purity, followed by rapid cooling to room temperature at a cooling rate of
[err]/min. 10      The aging treatment was effected at [err] for 1 hour 1
bar Ar, followed by cooling to room temperature ata cooling rate of
[err]/min. Subsequently, the aging treatmentwas conducted at [err] for 3
hours to obtain the magnets of the present invention. The results of the
magnet properties are set forth in Table 10 along with those of the
comparison example (after sintering). 15 Table 10 20
Br         iHc        (BH)max Composition                       (kG)
(kOe)          (MGOe) 73.5Fe6.5B14NdCo                       13. 6
9.7          41. 8 73.5Fe6.5B14Nd6Co 25         (Comparative,  as-sintered)
13.4        6.8          39.1 Example 11. 30 Alloy powders having a mean
particle size of 1.8 [err] and a composition BalFe-8B-16Nd-2Ta-1Sb in
atomic percentage were pressed and formed at a pressure of 1500 kg/cm2 in a
magnetic field of 15 kOe, and were altered at [err] for 2 hours in 0,33 bar
argon of 99.99 % purity, followed by cooling to room temperature at a
cooling rate of [err]/min. The aging treatment was conducted at [err] for
various times in an argon at- 



35 mosphere, followed by cooling to [err] at a cooling rate of [err]/min.
Subsequently, the aging treatmentwas conducted at [err] for 2 hours to
obtain the magnets according to the present invention. The results of the
magnet properties are set forth in Table 11 along with those of the
comparison example wherein only the one- stage aging treatment was
conducted at [err] for 1 hour. 40 45 50 55 16    EP 0 338 597 B1 Table 11 5
Aging Temp.          Aging  Time           Br          iHc
(BH)max [err]                 (hr)             (kG)        (kOe)
(MGOe) 10                      Comparative (after  1st  stage aging)
12.4         10.3          33.1 780                 0.75             12.6
12.4          35.8 780                  1.0             12.6         12.6
36.2 15 780                  4.0             12.6         12.8
36.3 780                 8.0              12.7         12.9          36.1
20 Example 12 25      The alloy powders of the following composition
BalFe-10B-13Nd-3Pr-2W-1 Mn alloys in atomic percentage and a mean particle
size of 2.8 [err] were pressed and formed at a pressure of 1500 kg/cm2 In a
magnetic field of 10 kOe, and were sintered at 1120Cfor2 hours in 0,37
barArof 99.999 % purity, followed bycooling down to room temperature at a
cooling rate of [err]/min. Subsequent to thefirst-stage aging
treatmentatthe various temperatures as specified in Table 12 for2 hour in
5,33[err]mbar vacuum, cooling to no more than [err] was 30   applied at a
cooling rate of 320C/min., and the second-stage aging treatment was then
effected at [err] for 8 hours to obtain the permanent magnets according to
the present invention. The results of the magnet prop- erties are set forth
in Table 12 along with those of the comparison example (after the
first-stage aging treat- ment). 35 Table   12 40   Aging Temp.    Aging
Time                         Br          iHc          (BH)max [err]
(min)            (kG)        (kOe)          (MGOe) 800
120.             10.6        10.3             23.7 45            850
120              10.7         11.4            23.9 900
120              10.7        11.0             23.5 950            .
120           10.8                10.8         23.3 50 720 Comparative
120             .10.4          8.6             21.3 (after 1st stage aging)
10.           8.8             21.2 



17    EP 0 338 597 B1 Example 13 The powders of Fe-B-RM: alloys having the
compositions in atomic percentage as specified in Table 13 and a mean
particle size of 1 to 6 [err] were pressed and formed at a pressure of 1200
kg/[err] in a magnetic 5   field of 15 kOe, and were sintered at [err] for
2 hours in 0,24 bar Ar of 99.999 % purity, followed by rapid cooling to
room temperature at a cooling rate of 650C/min. Further, the aging
treatment was carried out at [err] for 2 hours in 0,72 bar Ar of high
purity, followed by cooling to no higher than [err] at a cooling rate of
[err]/min. Thereafter, the second-stage aging treatment was conducted at
[err] for 3 hours to obtain the permanent magnets of the present invention.
The results of the magnet properties are set forth in Table 13 10  along
with those of the comparison example (after the single-stage aging
treatment). Table 13 15 br       iHc          (BH)max Composition
G)        (kOe)          (MGOe) 20 Fe8Bl4NdlMo1Si                    12.5
10.3           34.6 FelOB14Nd4PrlNblHf    11.8                      12.4
32.0 25            Fe12B10Nd5Gd2V                    10.5          11.0
24.1 Fe8B8Nd8HolNblGe                   9.9          13.2   .  22.4
Fe11Bl5Nd1Mo2Al                    7.9          12.8           13.6
Fe9B15Nd2CrlTi                    11.6          11.6           33.4
Fe9B15Nd2CrlTi                    11.4           8.1           30.8
(Comparative)                 11.4           8.1           30.8 35
Fe16B10Nd5Gd2V                    10.3           7.6           22.4
(Comparative) Fe14B15Nd1Mo2Al 40                (Comparative)
7.8           6.4           12.4 Example 14 45 The powders of Fe-B-R-M
alloys of the following compositions in atomic percentage and a mean
particle size of 2 to 8 [err] were pressed and formed at a pressure of 1000
kg/[err] in the absence of any magnetic field, and were sintered at [err]
for 2 hours in 0,24 Bar of 99.999 % purity, followed by rapid cooling to
room tem- perature at a cooling rate of [err]/min. Further, the f
irst-stage aging treatment was effected at [err] for 4 50   hours in 0,46
barAr, followed by cooling to no higher than [err] at a cooling rate of
220C/min, and the second- stage heat treatment was subsequently conducted
at 580C for 2 hours to obtain the permanent magnets of the present
invention. The results of the magnet properties are set forth in Table 14
along with those of the sample (comparison example) wherein only the
first-stage aging treatment was applied). 55 18    



EP 0 338 597 B1 Table 14 5 Br        iHc            (BH) max Composition
(kG)       (kOe)           (MGOe) Fe8B14Nd1TalZn                     6.3
13.0            6.4 Fe8B16Nd2Ho2W                      6.4         12.7
6.6 Fe8B12Nd2Ce1Nb1Mo                  6.6         11.4            6.9
Fe8B14Nd1Ta1Zn (Comparative)                  6.2         10.6
6.0 Fe8B16Nd2Ho2W (Comparative)                  6.3          10.1
5.8 20 Fe6B18Nd1Cr1Zr                     5.8         12.0            6.1
Fe6B18Nd1Cr1Zr (Comparative)                  5.7           8.9
5.4 25 Example 15 30      The Fe-B-R-M alloys of the following compositions
in atomic percentage were obtained by high-frequency melting in an Ar gas
and casting with a water-cooled copper mold. The obtained alloys were
roughly pulverized to no more than 35 mesh by a stamp mill, and were finely
done to a mean particle size of 2.7 [err] in an organic solvent by means of
a ball mill. The thus obtained powders were pressed and formed at a
pressure of 1500 kg/[err] in a magnetic field of 12 kOe, and were sintered
at 35   [err] for2 hours in 0,26 barArof 99.99 % purity, followed by rapid
cooling to room temperature ata cooling rate of [err]/min. Subsequently,
the aging treatmentwas effected at [err] for 1 hour in 1 bar Ar, followed
by cooling to room temperature at a cooling rate of [err]/min, and the
aging treatment was done at [err] for further 3 hours to obtain the magnets
of the present invention. The results of the magnet properties are set
forth in Table 15 along 40   with those of the comparison example (after
sintering). 45 50 55 19    EP 0 338 597 B1 Table 15 5 Composition
(kG)         (kOe)        (MGOe) Fe7B14NdlMo
13.3         11.6          42.2 Fe6.5B14Nd1Nb
13.4         11.3          42.5 Fe7B14NdlMo (Comparative, as-sintered)
13.2           8.8         41.1 15 Fe6. 5B14Nd1Nb (Comparative,
as-sintered)                 13.3           8.2         41.8 



20 Example 16. The powders of an alloy of the composition BalFe-12Co-9B-1
4Nd-1 Mo in atomic percentage and a mean 25   particle size of 35 [err]
were pressed and formed at a pressure of 1300 kg/[err] in a magnetic field
of 12 kOe, and were sintered at [err] for 2 hours in 0,26 barArof 99.99 %
purity, followed by cooling to room temperature at a cooling rate of
[err]/min. Subsequently, the aging treatment was effected at [err] at
various tempera- tures in an argon atmosphere, followed by cooling at [err]
at a cooling rate of [err]/min., and the aging treat- mentwas conducted at
[err] for2 hours to obtain the magnets according to the present invention.
The results 30   of the magnet properties and the temperature coefficient
[err] (%/[err]) of the residual magnetic flux density (Br) of the Invented
alloy magnets are set forth in Table 16 along with those of the magnets
subjected to only the single-stage aging treatment of 820C x 1 hour. Table
16 Aging Temp.        Aging Time          Br        iHc        (BH)max
[err] 40          [err]                (hr)          (kG)       (kOe)
(MGOe)      (%/[err]) Comparative                12.0          10.3
28.0        0.086 820               0.75        12.2        12.4    31.2.
0.086 45            820               1.0.           12.3      12.9    32.4
0.087 .820              4,0            12.3      13.0           32.8
0.086 820               8.0            12.2      13.2           32.9
0.086 50 Example 17 55 The powders of an alloyof the composition
BalFe-18Co-10B-14Nd-1Y-2Nd-1 Ge in atomic percentage and a mean particle
size of 2.8 [err] were pressed and formed at a pressure of 1200 kg/[err] in
a magnetic field of 12 kOe, and were sintered at 1140C for 2 hours in 0,66
bar Ar of 99.999 % purity, followed by cooling to room 20    EP 0 338 597
B1 temperature at a cooling rate of [err]/min. Subsequently, the
first-stage aging treatment was effected at the various temperatures as
specified in Table 17 for 2 hours in 6,66[err] mbar vacuum, followed by
cooling to [err] at a cooling rate of [err]/min, and the second-stage aging
treatment was done at [err] for 3 hours to obtain the magnets of the
present invention. The results of the magnet properties and the temperature
coef- 5   ficient [err] (%/C) of the residual magnetic flux density (Br)
are shown in Table 17 along with those of the com- parison example (after
the first-stage aging treatment). 10
Table 17 Aging Temp.    Aging Time           Br        iHc       (BH)max
[err] 15           [err]             (min)         (KG)      (kOe)
(MGOe)      (%/[err]) 700               120         11.2       11.4
28.7          0.081 800                  120        11.7       11.8
28.9        0.082 850  .            120.        11.6       11.7      . 29.3
0.081 900               120        11.6      11.7        29.4        0.081
950             120         11.5       11.6         29.2       0.081 25
Comparative                11.3        9.3        24.5        0.081 30
Example 18 



The powders of alloys of the Fe-Co-B-R-M compositions in atomic percentage
as specified in Table 18 and a mean particle size of 2 to 8 [err] were
pressed and formed at a pressure of 1200 kg/[err] in a magnetic 35  field
of 12 kOe, and were sintered at [err] for 2 hours in 0,26 bar Ar of 99.999
% purity, followed by rapid cooling to room temperature at a cooling rate
of [err]/min. The primary aging treatment was conducted at 820C for 2 hours
in 0,59 barAr, followed by cooling to [err] at a cooling rate of [err]/min,
and thesecondary aging treatment was then effected at [err] for 2 hours to
obtain the magnets of the present invention. The figures of the magnets
properties and the temperature coefficient [err](%/[err]) of Br are set
forth in Table 18 along 40  with those of the comparison example wherein
the first aging treatment alone was applied. 45 50 55 21    EP 0 338 597 B1
Table 18 5 Composition                    Br         iHc        (BH)max
[err] (kG)       (kOe)         (MGOe)     (%/[err]) 10
Fe5Co10B16Nd1TalMn             12.6       10.4          35.4          0.06
Fe20Co7B9Nd5Pr2W               11.3    ..  9.8            27.5
0.03 Fe8Co7B12Nd4Tb1V               12.4    .  11.2            31.7
0.06 15         FelOCo7B16Nd1A[err]1Bi         12.8                  13.8
33.4          0.05 Fe5Co8B12Nd2HolAl              10.9         10.6
26.4          0.08 Fe5Co8B12Nd2HolAl             10.8          7.3
23.6          0.09 20           (Comparative) Fe8Co6B20NdlCr
11.2         11.4          28.8          0.08 Fe8Co6B20Nd1Cr      11.1
9.3                   26.2           0.09 25        (Comparative) Example
19 30 The powders of Fe-CoB-R-M alloys of the following compositions and a
mean particle size of 1 to 6 [err] were pressed and formed at a pressure of
1200 kg/[err] in the absence of any magnetic field, and were sintered at
[err] for 2 hours in 0,24 bar Ar of 99.999 % purity, followed by rapid
cooling at room temperature at a cooling rate of 630C/min. The primary
aging treatment was conducted at 850C for 4 hours In 0,92 bar Ar, 35
followed by cooling to [err] at a cooling rate of 380C/min., and the
secondary aging treatment was then ef- fected at [err] for 3 hours to
obtain the magnets of the present invention. The results of the magnet
properties are set forth in Table 19 along with those of the sample
(comparison example) not subjected to the secondary aging treatment. 40 45
so 55 22   



EP 0 338 597 B1 Table 19 5 Br          iHc          (BH)max Composition
(kG)        (kOe)         (MGOe) Fe15Co10B16Nd1Ta
6.3          11.2           8.6 10 Fe1OCo8B13Nd2Ho2A[err]lSb
5.9          10.4           8.3 Fe25Co8B12Nd4Gd2V
5.3          11.7           8.2 15         Fe15Co10B16Nd1Ta
8.3 (Comparative)                                                 8.3
Fe10Co10B20Nd1CrlZr                       4.9         13.4           5.2 20
FelOColOB20NdlCrlZr (Comparative)                      4.6          10.1
4.8 25   Example 20 Fe-Co-B-R-M alloys of the following compositions in
atomic percentage were obtained by high-frequency melting in an Ar gas and
casting with a water-cooled copper mold. The alloys were roughly pulverized
to no more than 35 mesh by means of a stamp mill, and were finely 30
pulverized to a mean particle size of 2.6 [err] in an organic solvent by
means of a ball mill. The obtained powders were pressed and formed at a
pressure of 1500 kg/[err] in a magnetic field of 12 kOe, and were sintered
at [err] for 2 hours in 0,26 barAr of 99.999 % purity, followed by rapid
cooling to room temperature at a cooling rate of [err]/min. The aging
treatment was effected at [err] for one hour in 1 barAr, followed by
cooling down to room tem- 35   perature at a cooling rate of [err]/min.,
and the aging treatment was conducted at [err] for further three hours to
obtain the magnets of the present invention. The results of the magnet
properties are setforth in Table 20 along with those of the comparison
example (after sintering). Table 20 40 Br          iHc          (BH)max
Composition                         (kG)       (kOe)          (MGOe)
Fe6Co6.5B14NdlNb                              13.6         11.7
41.5 Fe6Co6.5B14Nd1Nb (Comparative, as-sintered)    13.5
7.8           40.0 50 55   Claims 1. An anisotropic sintered permanent
magnet consisting of in atomic percentage 16% Nd, 6% B, 16% Co and the
balance being Fe and inevitable impurities. 23    EP 0 338 597 B1 Table 19
5 Composition                     (kG)       (kOe)            (MGOe)
Fe15Co10B16NdlTa                         6.3         11.2            8.6 



Fe10Co8B13Nd2Ho2A[err]1Sb                    5.9         10.4
8.3 Fe25Co8B12Nd4Gd2V                        5.3         11.7
8.2 15         Fe15Co10B16Nd1Ta                          5.4           9.3
8.3 (Comparative) FelOColOB20NdlCr1Zr                      4.9
13.4            5.2 20         Fe10Co10B20Nd1CrlZr
4.6         10.1            4.8 (Comparative) 25   Example 20 Fe-Co-B-R-M
alloys of the following compositions in atomic percentage were obtained by
high-frequency melting in an Ar gas and casting with a water-cooled copper
mold. The alloys were roughly pulverized to no more than 35 mesh by means
of a stamp mill, and were finely 30   pulverized to a mean particle size of
2.6 [err] in an organic solvent by means of a ball mill. The obtained
powders were pressed and formed at a pressure of 1500 kg/[err] in a
magnetic field of 12 kOe, and were sintered at [err] for 2 hours in 0,26
bar Ar of 99.999 % purity, followed by rapid cooling to room temperature at
a cooling rate of [err]/min. The aging treatment was effected at [err] for
one hour in 1 barAr, followed by cooling down to room tem- 35   perature at
a cooling rate of [err]/min., and the aging treatment was conducted at
[err] for further three hours to obtain the magnets of the present
invention. The results of the magnet properties are setforth in Table 20
along with those of the comparison example (after sintering). 40
Table 20 Br          iHc          (BE) max 45                 Composition
(kG)        (kOe)          (MGOe) Fe6Co6.5B14Nd1Nb
13.6          11.7           41.5 Fe6Co6. 5B14NdlNb (Comparative,
as-sintered)                  13.5          7.8           40.0 55   Claims
1. An anisotropic sintered permanent magnet consisting of in atomic
percentage 16% Nd, 6% B, 16% Co and the balance being Fe and inevitable
impurities. 23    EP 0 338 597 B1 2. An anisotropic sintered permanent
magnet according to claim 1, having an energy product (BH)max of 32.9 MGOe
and a coercive force iHc of 13.8 kOe. 3. An anisotropic sintered permanent
magnetconsisting of in atomic percentage 15% Nd, 3%Y, 12% B, 10% 5       Co
and the balance being Fe and inevitable impurities. 4. An anisotropic
sintered permanent magnet according to claim 3, having an energy product
(BH)max of 33.9 MGOe and a coercive force iHc of 13.2 kOe. 10  5. An
anisotropic sintered permanent magnet consisting of in atomic percentage
14% Nd, 9% B, 12% Co, 1% Mo and the balance being Fe and inevitable
impurities. 6. An anisotropic sintered permanent magnet according to claim
5, having an energy product (BH)max of 32.9 MGOe and a coercive force iHc
of 13.2 kOe. 15  7. An anisotropic sintered permanent magnet consisting of
in atomic percentage 16% Nd, 7% B, 10% Co, 1% Al, 1% Bi and the balance
being Fe and inevitable impurities. 8. An anisotropic sintered permanent
magnet according to claim 7, having an energy product (BH)max of 33.4 MGOe
and a coercive force iHc of 13.8 kOe. 



20 9. An anisotropic sintered permanent magnet having an energy product of
at least 40 MGOe and having a composition of approximately in atomic
percentage 13 - 14.5% R, wherein R embraces the rare earth ele- ments
including Y,6 - 7% B and the balance being Fe and inevitable impurities,
wherein Fe being optionally substituted by not more than 10% Co and/or not
more than 1 % M, wherein M is selected from the group 25      V, Nb, Ta,
Mo, W, Cr, Al, Ti, Zr, Hf, Mn, Ni, Ge, Sn, Bi, Sb, Si and Zn. 10. An
anisotropic sintered permanent magnet according to claim 9, consisting of
in atomic percentage 14% R, 6.5% B and the balance being Fe and inevitable
impurities, having an energy product (BH)max of 44.2 MGOe. 30  11. An
anisotropic sintered permanent magnet according to claim 9, consisting of
in atomic percentage 14% Nd, 6.5% B, 6% Co and the balance being Fe and
inevitable impurities, having an energy product (BH)max of 41.8 MGOe. 12.
An anisotropic sintered permanent magnet according to claim 9, consisting
of in atomic percentage 14% 35      R, 7% B, 1% Mo and the balance being Fe
and inevitable impurities, having an energy product (BH)max of 42.2 MGOe.
13. An anisotropic sintered permanent magnet according to claim 9,
consisting of in atomic percentage 14% Nd, 6.5% B,1 % Nb and the balance
being Fe and inevitable impurities, having an energy product(BH)max 40
of 42.5 MGOe. 14. An anisotropic sintered permanent magnet according to
claim 9, consisting of In atomic percentage 14% R, 6.5% B, 6% Co, 1% Nb and
the balance being Fe and inevitable impurities, having an energy product
(BH)max of 41.5 MGOe. 45 Patentansprilche 1. Anisotroper, gesinterter
Permanentmagnet, der in Atom-% aus 16% Nd, 6% B, 16% Co besteht, wobel 50
der Rest Fe und unvermeidbare Verunreinigungen ist. 2. Anisotroper,
gesinterter Permanentmagnet gemAS Anspruch 1 mit einem Energieprodukt
(BH)max von 32,9 MGOe und einer Koerzitivkraft iHc von 13,8 kOe. 55  3.
Anisotroper, gesinterter Permanentmagnet, der in Atom-% aus 15% Nd, 3% Y,
12% B, 10% Co besteht, wobel der Rest Fe und unvermeidbare Verunreinigungen
ist. 4. Anisotroper, gesinterter Permanentmagnet gemAQ, Anspruch 3 mit
einem Energieprodukt (BH)max von 24    EP 0 338 597B1
I1   111111 11111 iiii 11111 * C   L   M   S * 33,9 MGOe und einer
Koerzitivkraft iHc von 13,2 kOe. 5. Anisotroper, gesinterter
Permanentmagnet, der in Atom-% aus 14% Nd, 9% B, 12% Co, 1% Mo besteht,
wobel der Rest Fe und unvermeidbare Verunreinigungen !st. 6. Anisotroper,
gesinterter Permanentmagnet gemaR Anspruch 5 mit einem Energleprodukt
(BH)max von 32,9 MGOe und einer Koerzitivkraft iHc von 13,2 kOe. 7.
Anisotroper, gesinterterPermanentmagnet, derinAtom-% aus 16% Nd, 7% B, 10%
Co, 1%MA, 1% Bibe- 10      steht, wobei der Rest Fe und unvermeidbare
Verunreinigungen ist. 8. Anisotroper, gesinterter Permanentmagnet gemaR
Anspruch 7 mit einem Energieprodukt (BH)max von 33,4 MGOe und einer
Koerzitivkraft iHc von 13,8 kOe. 9. Anisotroper, gesinterter
Permanentmagnet mit einem Energieproduktvon mindestens 40 MGOe und einer 15
Zusammensetzung in Atom-% von etwa 13 - 14,5% R, wobel R die
Seltenerdmetalle einschlieBlich Y um- 



fa~t, 6 - 7% B, wobel der Rest Fe und unvermeidbare Verunreinigungen ist,
wobei Fe wahlwelse durch nicht mehr als 10% Co undloder nicht mehr als 1 %
M ersetzt ist, wobei M aus der Gruppe V, Nb, Ta, Mo, W, Cr, Al, Ti, Zr, Hf,
Mn, Ni, Ge, Sn, Bi, Sb, Si und Zn ausgewahit ist 2o  10. Anisotroper,
gesinterter Permanentmagnet gemaiI Anspruch 9, der in Atom-% aus 14% R,
6,5% B be- steht, wobei der Rest Fe und unvermeidbare Verunreinigungen ist,
der ein Energieprodukt (BH)max von 44,2 MGOe aufweist. 11. Anisotroper,
gesinterter Permanentmagnet gemaRI Anspruch 9, der in Atom-% aus 14% Nd,
6,5% B, 6% 25      Co besteht, wobei der Rest Fe und unvermeidbare
Verunreinigungen ist, derein Energleprodukt(BH)max von 41,8 MGOe aufweist.
12. Anisotroper, gesinterter Permanentmagnet gemaIR Anspruch 9, der in
Atom-% aus 14% R, 7% B, 1% Mo besteht, wobei der Rest Fe und
unvermeidbareVerunreinigungen bet, derein Energieprodukt(BH)maxvon 30
42,2 MGOe aufweist. 13. Anisotroper, gesinterter Permanentmagnet gemaRn5
Anspruch 9, der in Atom-% aus 14% Nd, 6,5% B, 1% Nb besteht, wobel der Rest
Fe und unvermeidbare Verunreinigungen ist, der ein Energieprodukt (BH)max
von 42,5 MGOe aufweist. 35  14. Anisotroper, gesinterter Permanentmagnet
gemaRil Anspruch 9, der in Atom-% aus 14% R, 6,5% B, 6% Co, 1% Nb besteht,
wobel der Rest Fe und unvermeidbare Verunreinigungen ist, der ein
Energieprodukt (BH)max von 41,5 MGOe aufweist. 40   Revendications 1.
Aimant permanent fritte anisotrope se composant, en pourcentages atomiques,
de 16 % de Nd, 6 % de B, 16 % de Co, le reste 6tant formi de fer et
d'impuret6s inevitables. 45  2. Aimant permanentfritte anisotrope suivant
la revendication 1, ayant un produitd'6nergie (BH)maxde 32,9 MGOe et un
champ coercitif iHc de 13,8 kOe. 3. Aimant permanent fritte anisotrope se
composant, en pourcentages atomiques, de 15 % de Nd, 3 % de Y, 12 % de B,
10 % de Co, le reste etant forme de for et d'impuretes inevitables. 50 4.
Aimant permanentfritte anisotrope suivant la revendication 3, ayantun
produitd'energie (BH)maxde 33,9 MGOe et un champ coercitif iHc de 13,2 kOe.
5.  Aimant permanent fritte anisotrope se composant, en pourcentages
atomiques, de 14 % de Nd, 9 % de 55       B, 12 % de Co, I % de Mo, le
reste etant formi  de for et d'impuretes inevitables. 6. Aimant
permanentfritte anisotrope suivant la revendication 5, ayant un
produitd'6norgie (BH)maxde 32,9 MGOe et un champ coercitif iHc de 13,2 kOe.
25    EP 0 338 597 1B1111 1L                                11 lcii 7.
Aimant permanent fritte anisotrope se composant, en pourcentages atomiques,
de 16 % de Nd, 7 % de B. 10 % de Co, I % de Al, 1 % de Bi, le reste etant
forme de for et d'impuret6s inevitables. S. Aimant permanentfritte
anisotrope suivant la revendication 7, ayant un produitd'energie (BH)maxde
33,4 5       MGOe et un champ coercitif iHc de 13,8 kOe. 0. Aimant
permanent fritt6 anisotrope ayant un produit d'energie d'au moins 40 MGOe
et se composant ap- proximativement, en pourcentages atomiques, de 13 &
14,5 % de R, ob) R designe les elements des torres rares comprenant Y, 6 -
7 % de B, le reste etant forme de fer et d'impuretes inevitables, le for
etant facul- 10      tativement remplace par une proportion no depassant
pas 10 % de Co etlou no depassant pas I % de M, ob M est choisi dans le
groups comprenant V, Nb, Ta, Mo, W, Cr, Al, Ri, Zr, Hf, Mn, Ni, Ge, Sn, Bi,
Sb, Sl et Zn. 



10. Aimant permanent fritte anisotrope suivant la revendication 9, se
composant, en pourcentages atorni- ques, de 14 % de R, 6,5 % de B, le rests
etant forme de for et d'impurstes inevitables, et ayant un produit 15
d'energie (BH)max de 44,2 MGOe. II. Aimant permanent fritte anisotrope
suivant la revendication 9, se composant, en pourcentages atomi- ques, de
14 % de Nd, 6,5 % de B, 6 % de Co, le rests etant forme de for et
d'impuret6s inevitables, et ayant un produit d'energie (BH)max de 41,8
MGOe. 20 12. Aimant permanent fritte anisotrope suivant la revendication 9,
se composant, en pourcentages atomi- ques, de 14 % de R, 7 % de B, I % de
Mo, le rests etant forme de fer et d'impuret:6 inevitables, et ayant un
produit d'energie (BH)max de 42,2 MGOe. 25  13 Aimant permanent fritte
anisotrope suivant la revendication 9, se composant, en pouroentages atomi-
ques, de 14 % de Nd, 6,5 % de B, 1 % de Nb, le rests etant forme de fer et
d'impuret6s inevitables, ayant un produit d'energie (BH)max de 42,5 MGOe.
14. Aimant permanent fritte anisotrope suivant la revendication 9, se
composant, en pourcentages atomi- 30      ques, de 14 % de R, 6,5 % de B, 6
% de Co, 1 % de Nb, le rests etantforme deferetd'impuretes inevitables, et
ayant un produit d'energie (BH)max de 41,5 MGOe. 35 40 45 50 55 26    


