
EP 0 134 305 B2 Description Field of the invention and background 5
The present invention relates to high-performance permanent magnet
materials based on rare earth ele- ments and iron, which make no use of Co
that is rare and expensive. Magnetic materials and permanent magnets are
one of the important electric and electronic materials ap- plied In an
extensive range from various electrical appliances for domestic use to
peripheral terminal devices of large-scaled computers. in view of recent
needs for miniaturization and high efficiency of electric and eleo- 10
tronic equipment, there has been an Increasing demand for upgrading of
permanent magnets and in general magnetic materials. Now, referring to the
permanent magnets, typical permanent magnet materials currently In use are
alnico, hard ferrite and rare earth-cobalt magnets. With a recent unstable
supply of cobalt, there has been a decreas- ing demand for alnico magnets
containing 20-30 wt% of cobalt Instead, inexpensive hard ferrite containing
15  iron oxides as the main component has showed up as major magnet
materials. Rare earth-cobalt magnets are very expensive, since they contain
50-65 wt% of cobalt and make use of Sm that Is not much found in rare earth
ores. However, such magnets have often been used primarily for miniaturized
magnetic circuits of high added value, because they are by much superior to
other magnets In magnetic properties. In orderto make It possible to
Inexpensively and abundantly use high-performance magnets such as rare 20
earth-cobalt magnets inwider fields, it is required that one does not
substantially rely upon expensive cobalt, and uses mainly as rare earth
metals light rare earth elements such as neodymium and praseodymium which
occur abundantly in ores. In an effortto obtain permanent magnets as an
alternative to such rare earth-cobalt magnets, studies have first been made
of binary compounds based on rare earth elements and Iron. 25      Existing
compounds based on rare earth elements and iron are limited in number and
kind compared with the compounds based on rare earth elements and cobalt,
and are generally low in Curie temperature (point). For that reason, any
attempts have resulted in failure to obtain magnets from the compounds
based on rare earth elements and iron by casting or powdermetallurgical
technique used forthe preparation of magnetsfrom the compounds based on
rare earth elements and cobalt. Regarding the following explanations, it is
to be noted 30  that the unit 1 G=1 0-4T and that the unit 1 Oe=0.0796 k
A/m and that the unit 1 MGOe=7.96 K J/[err]. A. E. Clark discovered that
sputtered amorphous TbFe2 had a coercive force, Hc, of as high as 30 kOe at
[err], and showed Hc of 3.4 kOe and a maximum energy product, (BH)max, of 7
MGOe at room temperature upon heat-treating at 300 to 3500C (Appl. Phys.
Lett 23(11), 1973, 642-645). J. J. Croat et al have reported that Hc of 7.5
kOe is obtained with the melt-quenched ribbons of NdFe and 35  PrFe wherein
light rare earth elements Nd and Pr are used. However, such ribbons show Br
of 5 kG or below and (BH)max of barely 3-4 MGOe (Appl. Phys. Lett 37, 1980,
1096; J. Appl. Phys. 53, (3) 1982,2404-2406). Thus, two manners,.one for
heat-treating the previously prepared amorphous mass and the otherfor melt-
quenching it, have been known as the most promising means for the
preparation of magnets based on rare earth elements and iron. 40
However, the materials obtained by these methods are in theform of thin
filmsorstrips so thatthey cannot be used as the magnet materials for
ordinary electric circuits such as loud speakers or motors. Furthermore, N.
C. Koon et al discovered that Hc of 9 kOe was reached upon heat treated
(Br5 kG) with melt-quenched ribbons of heavy rare earth element-containing
FeB base alloys to which La was added, say, [err] (Appl. Phys. Lett
39(10),1981, 840-842). 45     In view of the fact that certain FeB base
alloys are made easily amorphous, L Kabacoff et al prepared the
melt-quenched ribbons of [err] (x=0-0.3 in atomic ratio), but they showed
Hc of only several Oe at room temperature (J. Appl. Phys. 53(3) 1982,
2255-2257). The magnets obtained from such sputtered amorphous thin film or
melt-quenched ribbons are thin and suffer limitations in view of size, and
do not provide practical permanent magnets which can be used as such 50
for general magnetic circuits. In other words, It Is Impossible to obtain
bulk permanent magnets of any desired shape and size such as the prior
artferrite and rare earth-cobalt magnets. Since both the sputtered thin
films and the melt-quenched ribbons are magnetically isotropic by nature,
It Is Indeed almost impossible to obtain therefrom magnetically anisotropic
permanent magnets of high performance. Recently, the permanent magnets have
Increasingly been exposed to even severer circumstances-strong 55
demagnetizing fields incidental to the thinning tendencies of magnets,
strong inverted magnetic fields applied through coils or other magnets,
high processing rates of current equipment, and high temperatures
incidental to high loading-and, in many applications, now need possess a
much higher coercive force for the stabilization of their properties. It is
generally noted in this connection that the iHc of permanent magnets
decreases with 2              This is the replacement sheet Date: 



EP 0 134 305 B2 increases in temperature For that reason, they will be
demagnetized upon exposure to high temperatures, if their iHc is low at
room temperature. However, if iHc is sufficiently high at room temperature,
such demagne- fization will then not substantially occur. Ferrite or rare
earth-cobalt mag nets make use of additive elements or varied composition
systems to obtain 5   a high coercive force; however, there are generally
drops of saturation magnetization and (BH)max. Summary of the disclosure An
essential object of the present invention is to provide novel permanent
magnets and magnet materials, 10 from which the disadvantages of the prior
art are substantially eliminated. As a result of studies made of a number
of systemsfor the purpose of preparing compound magnets based on R-Fe
binary systems, which have a high Curie point and are stable at room
temperature, it has already been found that FeBR and FeBRM base compounds
are especially suited for the formation of magnets (Europ. Pa- tent
Application Nos. 83106573.5 filed on July 5, 1983, 83 113 252 and 83 113
253). 15     Asymbol R is here understood to indicate at least one of rare
earth elements inclusive of Yand, preferably, refer to light rare earth
elements such as Nd and Pr. B denotes boron, and M stands for at least one
element selected from the group consisting of Al, Ti, V, Cr, Mn, Zr, Hf,
Nb, Ta, Mo, Ge, Sb, Sn, Bi, NI and W. The FeBR magnets have a practically
sufficient Curie point of as high as [err] or more. In addition, these
magnets can be prepared by the powder metallurgical procedures that are
alike applied to ferrite or rare earth- 20  cobalt systems, but not
successfully employed for R-Fe binary systems. The FeBR base magnets can
mainly use as R relatively abundant light rare earth elements such as Nd
and/or Pr, do not necessarily contain expensive Co or Sm, and can show
(BH)max of as high as 36 MGOe or more that exceeds largely the highest
(BH)max value (31 MGOe) of the prior art rare earth-cobalt magnets. It has
further been found that the magnets based on these FeBR and FeBRM system
compounds exhibit 25  crystalline X-ray diffraction patterns that are
sharply distinguished over those of the conventional amorphous strips or
melt-quenched ribbons, and contain as the major phase a novel crystalline
structure of the tetragonal system (Europ. Patent Application No.
83106573.5). In general, these FeBR and FeBRM base alloys have a Curie
point ranging from about 3000C to 3700C. More specifically, the present
Invention has for its object to increase the thermal properties,
particularly 30  iHc while retaining a maximum energy product, (BH)max,
which is identical with, or larger than, that obtained with the aforesaid
FeBR and FeBRM base magnets. According to the present invention, It Is
possible to markedly increase the iHc of FeBR and FeBRM base magnets
wherein as R light rare earth elements such as Nd and/or Pr are mainly
used, while maintaining the (BH)max thereof at a high level, by
incorporating thereto [err] forming part of R. said [err] representing at
least 35  one of rare earth elements selected from the group consisting of
Dy, Tb, Gd, Ho, Er, Tm and Yb. Namely, [err] Is mainly comprised of heavy
rare earth elements. The object of the present invention is solved by
magnetically anisotropic sintered permanent magnets ac- cording to
independent claims 1 to 3. Further advantageous features are evident from
the dependent claims. 40   Brief description of the drawings Fig. 1 is a
graph showing the B-H demagnetization curves at [err] and [err] of the R-Co
magnet with the permeance coefficient B/H; Fig. 2 is a graph showing
changes in iHc (kOe) and (BH)max (MGOe) of one embodiment of the present 45
Invention wherein Dy is replaced for Nd (the abscissa-logarithmic scale,
x-at % Dy); Fig. 3 is a graph showing the demagnetization curves of the
magnets according to the present invention; Fig. 4 is a graph showing the
B-H demagnetization curves of the magnets according to the present inven-
tion with the permeance coefficient; and Fig. 5 is a graph showing the
demagnetizing factor of the present magnet and the [err] type magnet 50
upon exposure to the atmosphere of [err] hr and cooling down to room
temperature (the abscissa- permeance coefficient B/H, logarithmic scale).
Detailed description of the preferred embodiments 55      In the present
disclosure, % denotes atomic percent if not otherwise specified. It is
noted that the allowable limits of typical impurities to be included in the
end products should be no higher than the following values by atomic
percent: This is the replacement sheet 3 Date:  



EP 0134 305 B2 2%    Cu,     2%    C,        2%    P. 4%    Ca,      4%
Mg.       2%    0. 5%    Si,    and    2%     S. 5 It Is noted, however,
that the sum of impurities should be no more than 5%. Such impurities are
expected to be originally present in the starting material, orto come from
the process of production, and the Inclusion thereof in amounts exceeding
the aforesaid limits would result In deterioration of properties. Among
these Impurities, Si serves both to increase Curie points and to Improve
corrosion resis- 10  tance, but incurs decreases in iHc In an amount
exceeding 5%. Ca and Mg may abundantly be contained In the R raw material,
and has an effect upon Increases In iHc. However, It is unpreferable to use
Ca and Mg in larger amounts, since they deteriorate the corrosion
resistance of the end products. Having the composition as mentioned above,
the permanent magnets show a coercive force, iHc, of as high as 10 kOe or
more, while they retain a maximum energy product, (BH)max, of 20 MGOe or
more. 15     The present Invention will now be explained in detail. As
mentioned above, the FeBR base magnets possess high (BH)max, but their iHc
was only similar to that of the [err] type magnet which was typical one of
the conventional high-performance magnets (5 to 10 kOe). This proves that
the FeBR magnets are easily demagnetized upon exposure to strong
demagnetizing fields or high temperatures say, they have no good stability.
The iHc of magnets generally decreases with 20 Increases in temperature.
For Instance, the Sm2Co17 type magnets orthe FeBR base magnets have a
coercive force of barely 5 kOe at [err] (see Table 4). Any magnets having
such iHc cannot be used for magnetic disc actuators for computers or
automobile mo- tors, since they tend to be exposed to strong demagnetizing
fields or high temperatures. To obtain even higher stability at elevated
temperatures, it is required to further increase iHc at temperatures
nearroom temperature. 25     It Is generally known that magnets having
higher iHc are more stable even at temperatures near room tem- perature
against deterioration with the lapse of time (changes with time) and
physical disturbances such as impacting and contacting. Based on the
above-mentioned knowledge, further detailed studies were mainly focused on
the FeBR componental systems. As a result, it has been found that a
combination of at least one of rare earth elements 3o  Dy, Tb, Gd, Ho, Er,
Tm and Yb with light rare earth elements such as Nd and Pr can provide a
high coercive force that cannot possibly be obtained with the FeBR and
FeBRM base magnets. Furthermore, the composItional systems according to the
present invention have an effect upon not only Increases In iHc but also
Improvements in the loop squareness of demagnetization curves, i.e.,
further increas- es in (BH)max. Various studies made to increase the iHc of
the FeBR base magnets have revealed that the 35  following procedures are
effective. (1) Increasing the amount of R or B, and (2) adding additional
element(s) M. However, It Is recognized that increasing the amount of R or
B serves to enhance iHc, but, as that amount increases, Br decreases with
the values of (BH)max decreasing as a result. Itis also true that the
additional element(s) M Is effective to increase iHc, but, astheamountofM
Increases, 40  (BH)max drops again, thus not giving rise to any noticeable
improvements. In accordance with the permanent magnets of the present
invention, an Increase in iHc by aging is re- markable owing to the
inclusion of [err] that is rare earth elements, especially heavy rare earth
elements, the main use of Nd and Pras R2, and the specific composition of
Rand B. It Is thus possible to increase iHc without having an adverse
influence upon the value of Br by aging the magnetically anisotropic
sintered bodies com- 45  prising alloys having the specific composition as
mentioned above. Besides, the loop squareness of demag- netization curves
Is improved, while (BH)max is maintained at the same or higher level. It is
noted in this con- nection that, when the composition of R and B and the
amount of Nd plus Pr are within the specified ranges, iHc of about 10 kOe
or higher Is already reached prior to aging. Post-aging thus gives rise to
a more favorable effect in combination with the incorporation of a given
amount of R1 Into R. 50      That is to say, the present invention provides
high-performance magnets which, while retaining (BH)max of 20 MGOe or
higher, with sufficient stability to be expressed In terms of iHc of 10 kOe
or higher, and can find use in applications widerthan those In which the
conventional high-performance magnets have found use. The maximum values of
(BH)max and iHc are 38.4 MGOe (see No. 19 in Table 3 given later) and 20
kOe or more (see No. 8 in Table 2 and Nos. 14, 22 and 23 In Table 3),
respectively. 55     (It Is here noted that the reason why the value of iHc
is shown as 20 kOe or more is that measuring could not be performed with a
demagnetization tester of the ordinary electromagnet type). In the
permanent magnets according to the present Invention, R represents the sum
of [err] and [err], and 



encompasses Y as well as rare earth elements Nd, Pr, La, Ce, Tb, Dy, Ho,
Er, Eu, Sm, Gd, Pm, Tm, Yb and 4 This Is the replacement sheet Date:    EP
0134 305 B2 Lu. Out of these rare earth elements, at least one of seven
elements Dy, Tb, Gd, Ho, Er, Tm and Yb is used as [err].[err] represents
rare earth elements except the above-mentioned seven elements and,
especially, in- cludes a sum of 80 at % or more of Nd and Pr in the entire
R2, Nd and Pr being light rare earth elements. The rare earth elements used
as R may or may not be pure, and those containing impurities entrained 5
inevitably In the process of production (other rare earth elements, Ca, Mg,
Fe, Ti, C, 0, 8 and so on) may be used alike, as long as one has
commercially access thereto. Also alloys of those rare earth elements with
other componental elements such as Nd-Fe alloy, Pr-Fe alloy, Dy-Fe alloy or
the like may be used. As boron (B), pure- or ferro-boron may be used,
including those containing as Impurities Al, Si, C and so on. 10     When
composed as given In claims I to 3, the permanentmagnets according to the
present invention show a high coercive force (iHc) on the order of no less
than about 10 kOe, a high maximum energy product ((BH)max) on the order of
no less than 20 MGOe and a residual magnetic flux density (Br) on the order
of no less than 9 kG. The compositions of claims 4 to 6 are preferable in
that they show (BH)max of 30 MGOe or more. 15     As [err] particular
preference is given to Dy and Tb. The reason for placing the lower limit of
R upon 12.5 at % Is that, when the amount of R is below that limit, Fe
precipitates from the alloy compounds based on the present systems, and
causes a sharp drop of coercive force. The reason for placing the upper
limit of R upon 20 at % is that, although a coercive force of no less than
10 kOe is obtained even in an amount exceeding 20 at %, yet Br drops to
such a degree that the required 20  (BH)max of no less than 20 MGOe is not
attained. Referring now to the amount of [err] forming part of R, Ho
increases even by the substitution of 0.1 % [err] for a part of R, as will
be understood from No. 2 in Table 2. The loop squareness of demagnetization
curves is also improved with increases In (BH)max. The lowerlimit of [err]
is placed upon 0.05 at %, taking Into account the effects upon increases in
both iHc and (BH)max (see Fig. 2). As the amount of [err] Increases, iHc
increases 25  (Nos. 2 to 8 in Table 2), and (BH)max decreases bit by bit
after showing a peak at 0.4 at %. However, for ex- ample, even 3 at %
addition gives (BH)max of 30 MGOe or higher (see Fig. 2). In applications
for which stability is especially needed, the higher the iHc, say, the more
the amount of [err], the better the results will be. However, the elements
constituting [err] are contained In rare earth ores to only a slight
extent, and are very expensive. This Is the reason why the upper limit of
[err] is fixed at 5 at %. 30  When the amount of B Is 4 at % or less, iHc
decreases to 10 kOe or less. Like R, B serves to Increase IHc, as its
amount increases, but there is a drop of Br. To give (BH)max of 20 MGOe or
more the amount of B should be no more than 20 at %. The additional
element(s) M serves to increase iHc and improve the loop squareness of
demagnetization curves. However, as the amount of M increases, Br
decreases. Br of 9 kG or more is thus needed to obtain 35 (BH)max of 20
MGOe or more. This is the reason why the upper limits of M to be added are
fixed as mentioned In the foregoing. When two or more additional elements M
are included, the sum of M should be no more than the maximum value among
those specified in the foregoing of said elements M actually added. For
Instance, when Ti, Ni and Nb are added, the sum of these elements is no
more than 9 at %, the upper limit of Nb. Pre- ferable as M are V, Nb, Ta,
Mo, W, Cr and Al. It is noted that, except some M such as Sb or Sn, the
amount of 40  M Is preferably within about 2 at %. The permanent magnets of
the present Invention are obtained as sintered bodies. It Is then
importantthat the sintered bodies have a mean crystal grain size of I to 80
pm (microns), for the FeBR systems and I to 90 [er] (microns) for the FeBRM
system. For both systems, the mean crystal grain size preferably amounts to
2- 40 [err] (microns) and more preferably about 3-10 pm (microns).
Sintering may be carried out at a temperature 45 of 900 to [err]. Aging
following sintering can be carried out at a temperature between 350C and
the sintering temperature, preferably between 450 and 800C. The alloy
powders for sintering have appropriately a mean particle size of 0.3 to 80
[err] (microns), preferably 1 to 40 [err] (microns), more preferably 2-20
[err] (microns). Sintering conditions, etc. are disclosed in a parallel
European application to be fled by the same assignee with this application
based on Japanese Patent Application Nos. 58-8373 and 58-90039. 50     The
embodiments and effects of the present invention will now be explained with
reference to examples, which are given for the purpose of illustration
alone, and are not Intended to limit the scope of the present in- 



vention. Samples were prepared by the following steps (purity is given by
weight). (1) Alloys were melted by high-frequency melting and cast In a
water-cooled copper mold. As the starting 55      materials for Fe, B and R
use was made of 99.9% electrolytic iron, ferroboron alloys of 19.38% B,
5.32% Al, 0.74% Si, 0.03% C and the balance Fe, and a rare earth element or
elements having a purity of 99.7% or higher with the impurities being
mainly other rare earth elements, respectively. (2) Pulverization: The
castings were coarsely ground In a stamp mill until they passed through a
0.420 mm This is the replacement sheet Date:    EP 0134 305 B2 (35-mesh)
sieve, and then finely pulverized In a ball mill for 3 hours to 3-10 [err]
(microns). (3) The resultant powders were aligned In a magnetic field of 10
kOe and compacted under a pressure of 1471 bar (1.5 t/[err]). (4) The
resultant compacts were sintered at 1000-12000C for one hour In an argon
atmosphere and, there- 5      after, allowed to cool. The samples were
processed, polished, and tested to determine their magnetic properties in
accordance with the procedures for measuring the magnetic properties of
electromagnets. Example I 10 Prepared were alloys containing as R a number
of combinations of Nd with other rare earth elements, from which magnets
were obtained by the above-mentioned steps. The results are shown in Table
1. It has been found that, among the rare earth elements R, there are
certain elements [err] such as Gd, Ho, Er, Yb and so on, which have a
marked effect on Improvements in iHc, as seen from Nos. 6 to 9. Nos. *1 to
*5 show com- 15  parison examples. Example 2 In accordance with the
foregoing procedures, magnets were obtained using light rare earth
elements, 20  mainly Nd and Pr, In combination with the rare earth
elements, which were chosen in a wider selection than as mentioned in
Example I and applied in considerably varied amounts. To Increase further
iHc, heat treatment was applied at 600 to [err] for two hours in an argon
atmosphere. The results are set forth in Table 2. In Table 2, No. *1 is a
comparison example wherein only Nd was used as the rare earth element. Nos.
2 to 8 are examples wherein Dy was replaced for Nd. iHc Increases gradually
with Increases In the amount of 25   Dy, and (BH)max reaches a maximum
value when the amount of Dy is about 0.4 at %. See also Fig. 2. Fig. 2
(with the abscissa expressed in the term of a log scale) indicates that Dy
begins to affect iHc from 0.05 at %, and enhance Its effect from 0.1 to 0.3
at %. Although Gd (No. 10), Ho (No. 9), Tb (No. 11), Er (No. 12), Yb (No.
13), etc. have a similar effect, yet a particularly large effect on
Increases In iHc Is obtained with Dy and Tb. The elements represented by
[err], other than Dy and Tb, also give iHc exceeding largely 10 kOe 30  and
high (BH)max. Any magnets materials having (BH)max of as high as 30 MGOe or
higherwhich can provide such a high iHc have not been found until now. Fig.
3 shows a dermagnetization curve of 3% Dy (No. 8 in Table 2) having typical
IHc, from which it is rec- ognized that iHc Is sufficiently high compared
with that of the Fe-B-Nd base sample (No. *1 In Table 2). Fig. 4 shows the
B-H demagnetization curves at [err] and [err] of Fe-8B-13.5Nd-1.5Dy (No. 7
in Table 35  2) obtained according to the present Invention. Compared with
the demagnetization curve of the 30 MGOe-grade rare earth-cobalt magnet of
Fig. 1, the B-H curves of the invented alloy of Fig. 4 are extending almost
linearly In the secondary quadrant even at [err]. This Indicates that the
Invented alloy is more stable at both 20C and 100C against extraneous de-
magnetizing fields, etc. that the rare earth-cobalt magnet of Fig. 1 whose
B-H curve bends In the vicinity of 40  a permeance coefficient (B/H) of 1.
To substantially compare two types of magnets with each other in respect of
stability, prepared were sam- ples with the permeance coefficient being
about 0.5, 2 and 4, which were in turn subjected to atmospheric exposure
testing at [err] for one hour after magnetization and cooled down to room
temperature to measure their Irreversible loss magnetic flux. Fig. 5 shows
the results, from which It has been found that the invented 45 magnets are
more stable than the prior art magnets. Observation of demagnetization of
magnets upon exposure to high temperatures is generally known as one method
for acceleration testing of stability at room temperature (changes with
time). From the results, the magnets according to the present invention are
expected to possess sufficient stability at room temperature. 50  Example 3



As the additional elements M use was made of TI, Mo, Bi, Mn, Sb, NI, Ta, Sn
and Go, each having a purity of 99%, W having a purity of 98%, Al having a
purity of 99.9%, Hf having a purity of 95%, ferrovandlum (serving as V)
containing 81.2% of Vj ferronloblum (serving as Nb) containing 67.6% of Nb,
ferrochromium (serving as 55   Cr) containing 81.9% of Cr and
ferrozirconium (serving as Zr) containing 75.5% of Zr, wherein the purity
Is given by weight percent. The starting materials were alloyed and
sintered In accordance with the foregoing procedures, followed by aging at
[err]. The results are shown in Table 3. 6             This is the
replacement sheet Date:    EP 0 134 305 B2 It has been ascertained that the
FeBRM base alloys prepared by adding the additional elements M to the FeBR
base systems have also suffcienty high iHc. For example, compare Nos. 15,
18 and 13 with Nos. 29, 30 and 31 respectively, in Table 3. TABLE 1 Alloy
composition                           (BH)max No.       (at %)
iHc (kOe)    Br (KG)    (MGOe) 10                     1  F4B-15Nd
7.3        12.1        32.1 *2  F8B-14Nd-2Y              8.8         11.9
31.8 *3  Fe-8B-1 0.5Nd-4.5Ce         5.7        10.7        22.4 *4
Fe-8B-10.5Nd-4.5Pr      8.9        11.4        26.9 *5  Fe-8B-14Nd-lSm
5.4        12.3        27.0 6  Fe-8B-10.5Nd-4.5Yb         10A         11.7
27.4 7  Fe-8B-10.5Nd-4.5Er        9.8       10.6        25.8 8
Fe-8B-10.5Nd-4.5Gd       11.4       10.3        25.0 9  Fe-8B-10.5Nd-4.5Ho
143        10.1        23.9 25          N.B.: *refers to reference tests
This is the replacement sheet 30
Dat: 35 40 45 50 55 7    EP 0 134 305 B2 TABLE 2 Alloy Composition
(BH)max 5             No.      (at %)                  iHc (kOe)    Br (kG)
(MGOe) *1  Fe-8B-1SNd                     11.4        12.3        340 2
Fe-8B-14.9Nd-O.1Dy             11.8       12A         35.0 10
3  Fe-8B-14.8Nd-O.2Dy                 12.        126        36.2 4
Foe414.6Nd-0.4Dy             12.8       12.7        38.0 5  Fe-8B-U42Nd4.Dy
16.1       12.0        34.2 15              6  F48-13.8Nd-12Dy
10         11          313 7  F68-li Nd-1.5DV              18.6       11.7
315 a  F848-2Nd-3Dy                >20        11A         30.3 9
F.4B-35Nd-15Ho               13.8       11.95       33.8 10    513SNd-1.Gd
13.8       11.75       32.1 11  F-13.5Nd-1.5rb               18.3       113
33.2 25 12  F.48-3&5Nd-1.5Er             14.8       l1.5        31.0 13
Fe48B-1&5Nd-L.5Yb            13.1       12.3        35.0 14
F49Nd-6Pr-1.50y              163        11.2        262 



30 15  F..10l13PrM1y               17.6       10.9        26. "16
Ft.O8-10Nd-3C2Dy              11.8       10.2       24.3 9  17
Fe.1O9.hNd-2La-1Dy-16d      14.2       10.7        255 35 *18  F.4lSNd43Dy.
L6         9.2        18 '19  Fo10-M 5*d-W2y                cS         cs
-4 40             *20  Fe-10S-3Od.1.5y               13.0       <5
c5 21  F-301-5NdW2Dy                 12.2        <5          c5 This is the
replacement sheet Date: ri- P44 lqq3 50 55 8    EP0 134 305 B2 TABLE 3-(1)
- Aoy composition                                      (BH)max No.
(at %)                  iHM (kOe)    Br (kG)       MGOO) 1
F"B,13.5Nd-1.5Dy                18.6         11.7        31.6 2
F.-B413.5Nd-1.5Dy-1TI           17.2         11.8        32.1 3
FI48-13.5Nd-1.5Dy-lZr           13.9         11.6        31.8 10 4
F948-13.514d-1.5Dy-lOf           13.0        11.9        30.0 5
F.S-013.5Nd-1.5Dy-lCr           17.8         11.2        29.5 6
F.4.SiS3.5Nd-1.5Dy-lMn          17.6         11.1        28.6 15 7
Fe-S-13.5Nd-1.5Dy-1 Ni          12.4         11.3        30.0 8
Fp48B-1&5Nd-1.5Dy-lTa           18.6         11.6        31A 9
Fe.6B-13.5Nd-1.5Dy-1GS          15.6         11.3        29.7 10
Fe-8-13.5Nd-1.5Dy-lSn           12.8         10.7        26.7 11
Fe4B-1f3.5Nd-1.5Dy-lSb          17.3          9.6        21.5 12  Fe-SBi4
3.SNd-1.5Dy-1 Bi        12.8         11.6        31.2 25 13
Fei4I8135Nd-1.5Dy-1Mo           17.6         11.5        30.7 14
F-8B-13.5Nd-1.5DY-1Nb           20           11.8        32.3 X0
15  Fe4-8B13.5Nd-1.5DY-IAI           19.4         11.6        31.4 16  F.8
13.5Nd-1.5Dy-1V             18.7         11.5        31.0 17
Fe2SB13.5Nd-1.5Dy-1W            19.0         11A         30.6 35
18  F*-Sb-12.5Nd-1.5Dy-lNb           17A          11.9        33.0 19
Fe-7S-1&6Nd4ADy-lNb             12.8         12.8        38. 20
Fe-67-12A5Nd-1.5Dy-lNb          16.9         12.3        354 40 This is the
replacement sheet 45
Date:  fl  A14 q3 50 55 9    EP 0 134 305 B2 TABLE 3-12) (BH)max No. Alloy
compositin            iHc {kOe)    Br (kG)    lMGOe) 21  F811.5Nd-1.5Dy-lNb
18.3       12.2        34.8 22  F.7B-13.5Nd-1.5Dy-1A1        20
11.2        30.2 



23  Fe-7B14.5Nd-1.5Dy-1Nb        20         11.3        30.8 24
F96B-13.5Nd-1.5Dy-1V         17.9       11.65       32A 25
Fe8B-13.5Nd-1.5Dv-IW         18.8       11.45       31A 26
Fe7b.16.2Nd-0.8Dy-1Nb        17.2       11.0        28.6 15 27
Fe-8B13.5Nd-1.5Dy-1Sii       13.6       11.6        30.8 28
i-B-1a5Nd-1.5Dy-1S**         14.0       12.1        34.2 20
'29  F"8-15Nd-1Al                  11.8       11.7        31.2 *30
FeB-15Nd- Nb                 12.2       11.9        32.7 '31  Fe"B-S5Nd-1Mo
12.0       11.9        33.8 NB: "refers to other elements than M TABLE 4 30
Room ternperature (221                  1009C (BH)max               (BH)mox
iNc (kOe)   (MGOe)   iHc (kOe)   (MGOe) 35           R-Co 12-17 type)
magnet    6.2        29.3        5.2        26.4 Fe-8B-15Nd
11.4       34.0        5.6        26.8 Fe-8B-13.5N-1.5Dy         18.6
31.5        9.8        27.0 40 Claims 45 1. A magnetically anisotropic
sintered permanent magnet of the FeBR system in which R represents the sum
of RI and R2 wherein: R1 is as least one of rare earth elements selected
from the group consisting of Dy, Tb, Gd, Ho, Er, Tm and Yb, and 50
R2 consists of a total of 80 at % or more of Nd and/or Pr relative to the
entire R2 and the balance of at least one of other rare earth elements
exclusive of RK but inclusive of Y, said system consisting essentially of,
by atomic percent 0.05% 5 R1 < 2%, 12.5 to 20% of K. 4 to 20% of B, and the
balance being Fe. 6s  2. A magnetically anisotrop'lsintered permanent
magnet of the FeBR system In which R represents the sum of RI and R2
wherein: R1 Is as least one of rare earth elements selected from the group
consisting of Dy, Th, Gd, Ho, Er, Tm and Yb, and 10            This is the
replacement sheet 10   ~.    t   <l9    EP 0 134 305 B2 TABLE 342) (SH)max
No. Alloy composition            Hc (kOe)    Br kG)      (MGOe) 21
Fe-S-11.5Nd-1.5Dy-1 Nb        16.3       12.2         34.8 22
Fe7B-13.5Nd-1.5Dy-1AI         20         11.2         30.2 23
fp-78-14.5Nd-1.5Dy-1Nb        20         11.3         30.8 24
Fe-7B-13.5Nd-1.50y-1V         17.9       11.65        32.4 25
F-8B-13.5Nd-1.5Dv-1W          18.8       11.45        31.4 26
Fs-78-162Nd-0.8Dy-1 Nb        17.2       11.0         28.6 15 27
Fe4B-13.5Nd-1.5Dy-1 Si**      13.6       11.5         30.8 28
Fe.8B-1a5Nd-1.5Dy-1S**        14.0       12.1         34.2 20
*29  F88-1S5Nd-1Al                 11.8        11.7        31.2 *30
Fe-15Nd-lNb                   12.2       11.9         32.7 '31  F*-B-1
5Nd-1 Mo               12.0       11.9         33.8 NB: -refers to other
elements than M TABLE 4 30                                      Room
temperature (22!C)                 100C 



(BH)max                (BH~max iMc kO})  (MGOe)   iMc (kOe)   (MGOe) 35
R-Co (2-17 type) magnet    6.2         29.3        5.2        26.4
Fe-88-15Nd                 11.4       34.0         5.6        26.8
Fe-8B-13.5Nd-1.5Dy         18.6       31.5         9.8        27.0 40
Claims- 45 1. A magnetically anisotropic sintered permanent magnet of the
FeBRsystem in which R represents the sum of RI and R2 wherein: R1 is as
least one of rare earth elements selected from the group consisting of Dy,
Tb, Gd, Ho, Er, Tm and Yb, and 50            R2 consists of a total of 80
at % or more of Nd andlor Pr relative to the entire R2 and the balance of
at least one of other rare earth elements exclusive of R1 but inclusive of
Y, said system consisting essentially of, by atomic percent 0.05% I; R1 <
2%, 12.5 to 20% of R. 4 to 20% of B, and the balance being Fe. 55   2.
AmagneticaIly anisotropicsintered permanent magnetof the FeBR system in
which Rrepresents the sum of RI and R2 wherein: R1 is as least one of rare
earth elements selected from the group consisting of Dy, Tb, Gd, Ho, Er, Tm
and Yb, and This is the replacement sheet                            |Iii
MUH 11111 11111 11 1111 D   C   L  M   S 9 Date:  it PM e4  ( cig    EP 0
134 305 B2                 c   L  I   s  * R2 consists of a total of 80 at
% or more of Nd and/or Pr relative to the entire R2 and the balance of at
least one of other rare earth elements exclusive of R1 but Inclusive of Y,
said system consisting essentially of; by atomic percent 2%  R1 c 5%, 12.5
to 20% of R, 4 to 20% of B, and the balance being Fe. 5 3  A magnetically
anisotropic sintered permanent magnet of the FeBR system in which R
represents the sum of R1 and R2 wherein: R1 is at least of rare earth
elements selected from the group consisting of Dy, Tb, Gd, Ho, Er, Tm and
Yb and 10            R2 consists of a total of 80 at % or more of Nd and/or
Pr relative to the entire R2, and the balance of at least one of other rare
earth elements exclusive of R1 but inclusive of Y, said system consisting
essentially of, by atomic percent 0.05% s R <5%, 0.5% Gd alone being
excluded, which contains at least one of the additional elements M in the
amount of no more than the values as specified hereinbelow, M being: 15 3%
T1.       a3%   Mr,       3.3%   Hf 4.5%   Cr.      5%     Mn,       6%
NI. 7%    Ta,       3.5%   Go,       15%   Sn. >  20
.1%    Sb,        5%    111i.     52%   Me,. *   5%     Nb,       5%    AL
L.s%  Yv 81.nd%    W. 25      provided that, when two or more a additional
elements M are included, the total amount of M Is limited to the highest
value of one of the Individual elements M added. 4. A permanent magnet
according to Claim 1, wherein, by atomic percent, 0.2%S RI < 2%, R is
13-19%, and B is 5-11%. 5. A permanent magnet according to Claim 2,
wherein, by atomic percent, 2% <R1 e 3%, R is 13-19%, and B is 5-11%. 6. A
permanent magnet according to Claim 3, wherein, by atomic percent, R, is
0.2-3%, 0.5% Gd alone being excluded R is 13-19%, and B 5-11%. 35 7. A
permanent magnet according to Claim 1, 2, or 3, wherein RI comprises Dy
and/or Tb. a  A permanent magnet according to Claim 1, 2 or 3, wherein RI
is Dy. 



40  9. A permanent magnet according to ClaIm 1, 2 or 3, wherein R1 is 0.1
at % or more. 10. A permanent magnet according to Claim I or 3, wherein RI
is about OA at %. 11. A permanent magnet according to Claim 1 or 3, wherein
RI is about 1.5 at %. 45  12. A permanent magnet according to Claim 3
wherein the additional elements M comprises one or more se- lected from the
group consisting of V, Nb, Ta, Mo, W, Cr and Al. 1&. A permanent magnet
according to Claim 12, wherein M is no more than about 2 at %. 50  14. A
permanent magnet according to Claim 1, 2 or 3, which has been subjected to
aging after sintering at a temperature between 350C and a sintering
temperature. 15. A permanent magnet according to Caim 1,2 or 3, which has a
maximum energy product (BH)max of 160 kJ/m3 (20 MGOe) or more. 16. A
permanent magnet according to Claim 4,5 or6, which has a maximum energy
product (BH)max of 240 WJM-P (30 MGOO) of more. This is the replacement
sheet Date:   f A' 1qq3    EP 0134 305 B2             1   1    111 17. A
permanent magnet according to Claim 1, 2 or 3, which has an intrinsic
coercive force iHc of 800 k * Alm (10 kOe) or more. 18. A permanent magnet
according to Claim 14 which has a maximum energy product (BH)max of 200
kJlm3 5       (25 MGOe) or more. 19. A permanent magnet according to Claim
18 which has (BH)max of 260kJ/m3 (33 MGOe) or more. 20. A permanent magnet
according to Claim 10 which has (BH)max of 260kJlm3 (33 MGOe) or more. 10
21. A permanent magnet adoording to Claim 20 which has (BH)max of 280kJ/m3
(35 MGOe) or more. 22. A permanent magnet according to Claim 14 which has
an Intrinsic coercive force iHc of 1000 k * Alm (13 kOe) or more. 1B  23. A
permanent magnet according to Claim 22 which has lHc of 1200 k * Aim (15
kOe) or more. 24. A permanent magnet according to Claim 23 which has iHc of
1400 k. Alm (171kOe) or more. 25. A permanent magnet according to Calm 1i
which has lHc of 1200 k . Aim (15 kOe) or more. 26. A permanent magnet
according to Claim 25, which has iHc of 1400 k - Alm (17 kOe) or more.
Patentanspriiche 2   1. Magnetisch anisoper gesinterter Permanentmagnet des
FeBR-Systems, in dam R die Summe aus RI und R2 darstellt, wobel R1
mindestens oines der Seltenerdmetalle ausgewahit aus der Gruppe bestehend
aus Dy, Tb, Gd, Ho, Er, Tm und Yb ist und R2 aus insgesamt 80 Atom-% oder
mehr Nd undloder Pr, bezogen auf das gesamte R2, und dem Rest von
mindestens einem anderen Seltnerdmetall, ausgenommen R1, aber
einschllelfllch Y, besteht, wobei das System im wesentiichen aus 0,05% r R1
< 2%,12,5 bis 20% R, 4 bis 20% B, jeweils angegeben In Atom-%, besteht, und
der Rest Fe Ist. 2  Magnetisch anisotroper gesinterter Permanentmagnet des
FeBR-Systemns, In dam R die Summe aus RI und R2 darstellt, wobei RI
mindestens sines der Seltenerdmetalle ausgewAhit aus der Gruppe bestehend
aus Dy, Tb, Gd, Ho, Er, Tm und Yb ist und R2 aus insgesamt 80 Atom-% oder
mehr Nd undloder Pr, bezogen auf das gesamte R2, und dem Rest von
mindestens einem anderen Seltenerdmetall, ausgenommen Ru, aber
elnschileglich Y, besteht, wobei des System Imh wesentlichen aus 2% < RI c
5%, 12,5 bis 20% R. 4 bis 20% B, jewells angegeben in Atom-%, besteht, und
der Rest Fe ist 3. Magnetisch anisotroper gesinterter Permanentmagnet des
FeBR-Systams, In dem R die Summe aus R, und R2 darstellt, wobel 45      R1
mindestens eines der Seltenerdmetalle ausgewahit aus der Gruppe bestehend
aus Dy, Tb, Gd, Ho, Er, Tm und Yb lst und R2 aus insgesamt 80 Atom-% oder
mehr Nd undloder Pr, bezogen auf des gesamte R2, und dem Rest von
mindestens einem anderen Selbtnerdmetall, ausgenommen R1, aber
elnschlieslich Y, bestaht, wobel das System Im wesentiichen aus 0,05% 5 R1
< 5%, angegeben in Atom-%, besteht, 0,5% Gd alleh 50      ausgenommen let,
und mindestens oines der zusatzlichen Elemente M In eher Menge enthalt, die
die unten angegebenen Werte nicht Obersteigt, wobei M folgendes ist 85
This is the replacement sheet Date12 



12    3% Ti,       3,3% Zr,         3,3% Hf, 4,5%  Cr,        5%    Mn,
6%    NifL 7% Ta,       3,5% Ge,         1,5% Sn, 5    ~ ~ ~ ~ %
Sb,       5%    Eli,       5,2% No, 9%  b,       5%    Al,        5,5%v,
unld 5% we 10 vorausgesetzt. daW3,wenn zwei oder mehrere zusfitzllche
Elements M enthalten sind, die Gesarnmensfge von M auf den h8oheten Wert
sines der zugegebenen elnzelnen Elements M begrenrzt let. 4.
Permanentmagnot nachi Anspruch 1, be! dem, jeweils angegeben in Atom-%,
0,2% g RI (c2%, R 13-1 9% 15      undB5-11%ist. 5.  Permanentmagnet nach
Anspruch 2, bet demn, jewells angegeben in Atom-%, 2% <R1 .9 3%, R 13-1 9%
und B5-11%lIst. 6.   Permanentrnagnet nach Anspruch 3, be! dem, jewells
angegeben In Atom-%, RI 0,2-3% let, wobel 0,5% K>  20    ~Gd allein
ausgenomnmen, 16t, R 13-19% und B3 5-11% ist. 7. Permanenirnagieft nch
Anspruch 1, 2 odor 3, be! dem RI Dy undloder Tb enthilt. S.
Permanentmagnet nach Anspruch 1, 2 oder 3, bei dem RI Dy !at. 25 9.
Permanentmiagnet. nach Anspruch 1, 2 odor 3, be! dem R1 0,1 Atom-% odor
mehr !st. 10. Psrmanentmagnlet nath Anspruch I oder 3, bel dem RI etwa 0,4
Atomn-% tat. 11. Permanentmiagnlet nach Anapruch I oder 3, be! dsm R1 etwa
1,5 Atom-% 1Let 12. Permansntmnagfet. nad h Anspruch 3, be! dem die
zusiltzlichen Elements M sines odor mehrsre der Ele- ments ausgewfihit aus
der Gruppe bestehend aus V. Nb, Ta, Mo, W. Cr und Al enthatten. 13.
Permansntmfagflet niach Anapruch 12, bet dem M nicht mehr ala etwa 2 Atom-%
tat. 35 14. Permanentmagnet nach Anspruchl1,2 oder3, dernach dem Sintern
bet einerTempermturzwischen 350C(, und einer Sintertempeatr einemn Altern
unterworfen wurde. 15. Permanentinagnet nechAnspruch 1,2 odor 3,derein
maximales Energleprodukt (BH)max vonl160kJfIm3 40  (20 MGOs) odor moeh
sufwetst. 16. Permanentrnagnetfnaoh Anspruch 4,5 oder8, derein
maximaleesEnsrgleprodukt (BH)max von 240 kJIm3 (30 MGOe) odor mehrt
aufwelst. 17. Permanentmagnet nach Anspruch 1, 2 odor 3, der eine
lndutldonskoorzittvkcraftiNo von 800 kAlm (1 0 kOs) odor mehr aufwelst. 18.
Permanentrn anet nach Anspruch 14, der ein maximates Energieprodukt (BH)max
von 200 kJ/M3 (25 MGOe) odor mehr autwelst. 50  19. Permanentmagnot nach
Anspruch 18, der ein (BH)max von 280 JInMS (33 MGOs) odor mehr aufwestt.
20. Permanentmlagnet neach Anspruch 1 0, der ein (BH)rnax von 260 kJ/nM3
(33 MG0B) odor mehr aufweist. 21. Permanentmagt  chApuc20desi(Bmavo 280
kJUMS (35 MGOe) odor mehr aufwelst. 55 22. Permanentimagnet nach Anspruch
14,dsresine tnduktonskosrzfitvkraft iHcvon 1000kA/m (13 kOe)odor mehr
aufweist. This is the replacement sheet 13 Date: ~f~~~q    EP 0 134 305 82
I 111111 L     1 !  ! 23. Permanentmagnet nach Anspruch 22, der gine iHc
von 1200 kAlm (15 kOe) oder mehr aufwelst. 24. Permanentmagnet na-ch
Anspruch 23, der slne iHc von 1400 kAlm (17 kOe) odsr mehr aufweist. 5
25. Permanentmagnet nad Anspruch 11, dsr elne iHc von 1200 kAlm (15 kOe)
oder mehraufweist. 26 Permanentmagnet nach Anspruch 25, der esne iHc von
1400 kAlm (17 kOe) odor mehr aufwelst. Rovendicatlons 10 1. Almant
permanent fritt" magnetiquement anisotrope du systeme FeBR, R representant
la somme de R1 



et R2, dans Isuel. R1 represente au moins un 6l6ment faisant partie des
terres rares, choisi dans le groups compre- nant Dy, Tb, Gd, Ho, Er, Tm st
Yb, et 15           R2 comprend unis quantite totals 6gale ou superieure a
80% at. de Nd et/ou Pr, par rapport a la quantite totals de R2, is rests
etant constitu6 d'au moins un autre element faisant partle des trres rares,
A l'exclusion de R. male y compris Y, ledit systeme consiestant
essentidllemernt, en pourcentage atomique, en une quantite de R1 supe-
rieure ou egale a 0,05 % et infefeure ut 2 % , une quantite de 12,5 A 20 %
de R, une quant6tl de 4 a 20 % de B. le rests etant du Fe. 2. Aimant
permanent frfttt magnetiquement anisotrope du systeme FeBR, R representant
la somme de R1 et R2, dans lequel: R1 reprfsente au moins un element
faisant partie des terres rares, choisi dane Is groups compre- 25      nant
Dy, Tb, Gd, Ho, Er, Tm et Yb, et R2 comprend une quantitl totals egale ou
superieure A 80 % at. de Nd etlou Pr, par rapport A la quantite totals de
R2, Is rests etant constitue d'au molns l'un des autres elements fabsant
partle des trres rares, a l'exduslon de R1 mals y comprfis Y, led it
systime consistant essentiellement, en pourcentage atomique, en une
quantite de R1 supe- 30      rleure a 2 % et inferiure a 5 %, une quantit6
de 12,5 a 20 % de R. une quantitb de 4 a 20 % de B, le rests etant du Fe.
3. Aimant permanent frittf magnetiquement anisotrope du systeme FeBR, R
representant la somme de R, et R2, dans lequel: 35            R,
reprlsentsau moins un Uelment faisant partie des trres rares, choisi dane
le groups compre- nant Dy, Tb, Gd, Ho, Er, Tm et Yb, et R2 comprend une
quantitb totals egale ou superleure A 80% at. de Nd et/ou Pr, par rapport A
la quantite totals de Rb, le rest Atant constitu6 d'au mons un autre
Albment falsant partle des trres rares, Aa l'exclusbon de R1 mais y compris
Y, 40           ledit systeme oonsistant essentidllement, en pourcentage
atomique, en une quantitl de R, supb- rieure ou Agale A 0,05 % et
inf6rieure A 5 % , une quantite de 0,5 % de Gd soul etant exdue, avec au
mons l'un des A1lments suppllmentalres M en une quantitl non superleure aux
valeurs mentionnees d- dessous, M etant: 3%    Ti,            3,3%   Zr,
3,3%    Hf, 4,%S  Cr,           5 %      Mn,               6%         Ni,
7?%    Ta,           3,5%   Ge,                 1,5 %    Sn, so
1  k%   Sb,           5%       Bi,               5,2 %    Mo, 9 %    Nb,
5%       Al,               5,5 %    V, et              5%    W, 55
sous rlserve quo, lorsque deux ou plus de deux des 1l6ments M
suppllmentalres sont Incorpores, la quantitl totals de M soit limithe A la
valeur la plus elevee de l'un des diffmrents elements M ajoutes. 4. Almant
permanent sulvant la revendlcatlon 1, dans Isquol, en pourcentage atomlque,
R, eat present en This is the replacement sheet Date:      11 4 'q    EP
0134 305 B2               c  L  M   S une quantltl sup~tiouro ou egale a
0,2 % et inferieure a 2 %, R est present en une quantite de 13 3 19 % et B
est present une quantite de 5 A 11 %. 5. Aimant permanent iuivant ia
revendication 2, dans lequel, en pouroentage atomique, R1 eat present en 5
une quantitA sup~rieure A 2 % ot inferleure ou 6gale A 3 %, R est present
en une quantite de 13 A 19 % et B est present une quantit de 5 A 11 %. 6.
Almant permanent suivant la revendication 3, dans lequel, en pourcentage
atomique, RI est present en une quantite de 0,2 A 3 %, une quantite de 0,5
% de Gd seul etant exclue, R est present en une quantiti 10      de 13 A 19
% et S est pr~sent une quanift de 5 a 11 %. 7. Aimant permanent sulvant la
revendhcatbon 1, 2 ou 3, dans lequel RI comprend Dy etlou Tb. 8. Aimant
permanent suilvant la revendication 1, 2 ou 3, dans loquol R1 consiste on
Dy. 15  9. Aimant permanent sulvant la revendicatfon 1, 2 ou 3, dans RI est
present en une quantitb egale Cu au- perbeure A 0,1 % at. 10. Aimant
permanent suivant la revendicatlon 1 ou 3, dans lequel R1 est present en
une quantftl d'environ 0,4 % at. 



,20 11. Aimant permanent suivant la revendication I ou-3, dans lequel R1
est present en une quantlet d'environ 1,5 % at. 12. Almant permanent
suivant la revendlcation 3, dans lequel lee elements M supplementalres
comprennent 25      un Cu plusieurs 6l4menh choisis dans le groups
consistent en V, Nb, Ta, Mo, W, Cr et Al. 13. Aimant permanent sulvant la
revendlcation 12, dans lequel M est present en une quantite non superieure
A environ 2 % at. 14. Aimant permanent sulvant la revendication 1, 2 Cu 3,
qui eat soumis A un vlellissement aprbs frittage, 0 a une tbmperature
comprise dans l'intervalle do 350C a la bmpbrature do frittage. 15. Aimant
permanent sulvant la revendication 1, 2 Cu 3, qui possbde un facteur
maximal d'energle (BH)max Agal ou superleur A 180 IJUms (20 MGOe). 3C  16.
Almant permanent esuvant la revendication 4, 5 Cu 6, qul possede un facteur
maximal d'energle (BH)max egal ou superieur A 240 kJ/m3 (30 MGOe). 17.
Aimant permanent suivant la revendlcation 1, 2 Cu 3, qui possbde une force
coercitive intrinseque iHc ga- le Cu superieure A 800 k.A/m (10 kOe). 40
18. Aimant permanent-sulvant la revendication 1, qui possede un facteur
maximal d'energie (BH)max egal Cu superieur A 200 kJIn (25 MGOe). 19.
Aimant permanent suivant la revendicatlon 18, qui possbde une valeur de
(BH)max egale ou superieure A 260 kJlm3 (33 MGOe) 45 20. Aimant permanent
suvant la revendication 10, qui possbde une valeur de (BH) max egale ou
superieure 3 260 kJ/m3 (33 MGOe). 21. Aimant permanent sulvant la
revendicatfon 20, qul possbde une valour de (BH)max egale Cu superieure 50
A 280 kJ/m3 (35 MGOS). 22. Almant permanent sulvant la revendication 14,
qul possbde une force coercitive Intrinesque iHc egale ou superieure A 1000
k.A/m (13 kOe). 55  23. Almant permanent sulvant la revendication 22, qui
possbde une valeur de iHc egale ou supereure A 1200 kLAlm (15 kOe). 24.
Aimant permanent suivant la revendhcation 23, qui possede une valeur de iHc
egale Cu superieure A 1400 15           This is the replacement sheet Date:
F1 RL  1qq;    EP 0 134 305 B2                I   11111 IIIJ 11111 B 1111 *
C   L   M   S * k.Am (17 kOe). 25. Aimant permanent suivant la
revendlcation 11, qui possede une valeur de 1H1 6gale ou sup6rneure a 1200
k.A/m (15 kOe). 26. Almant permanent swuant la revendlcatlon 25, qui
possbde une valeur de iHc 4gals ou superIeure a 1400 k.Alm (17 kOe). 10 15
K20 25 30 35 40 45 50 55 This is the replacement sheet
30~~~~~~~~~~~~~~~~~jq Date: 16    


