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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to a magnetic powder and a permanent magnet having magnetic properties enhanced
by taking advantage of a magnetic interaction and a process for producing them.
[0002] In general, permanent magnetic materials have a tendency that an enhancement in saturation magnetiza-
tion (or residual magnetic flux density) is not compatible with a high coercive force. More specifically, the following ten-
dency is observed.
[0003] Soft magnetic materials are those materials which have a high saturation magnetization. For example, per-
mendur has such a high saturation magnetization of 24 kG (x10-1T). It, however, has little or no coercive force.
[0004] On the other hand, hard magnetic materials with a high coercive force, however, have much lower saturation
magnetization than that of the soft magnetic materials. Among the hard magnetic materials, R2Fe14B-based,
R2Fe17Nx-based and R2TM17-based materials have a relatively high saturation magnetization.
[0005] In the R2Fe14B-based materials, in order to enhance the saturation magnetization, it is necessary to reduce
the volume fraction grain boundary phase and maximize the volume fraction of the R2Fe14B phase as a main phase. A
volume reduction in the grain boundary phase, however, makes it difficult to separate each grain of main phase, result-
ing in a low coercive force. When R is Nd, a high saturation magnetization is obtained. On the other hand, in order to
obtain a high coercive force, it is a common practice to substitute Dy or the other heavy rare earth element for part of
Nd. The substitution with Dy lowers the saturation magnetization.
[0006] The saturation magnetization of the R2Fe17Nx-based material (particularly when R = Sm) is nearly equal to
that of Nd2Fe14B. However, in order to obtain a coercive force, the powder particle diameter must be pulverized to sev-
eral µm, so that the coercive force obtained is substantially small for practical use. Further, since the material has to be
a finely milled, when it is compacted into a bonded magnet or the like, the packing density of magnetic powder can't be
raised. The addition of V, Mn or the like makes it possible to obtain a high coercive force in a relatively large powder
particle diameter. It, however, results in a lowered saturation magnetization.
[0007] R2TM17-based (particularly R = Sm) bonded magnets are reported in many documents such as Japanese
Patent Publication Nos. 22696/1989, 25819/1989 and 40483/1989 and patents and papers cited therein. Especially, an
attempt to increase the Fe content of TM has been made as a means for improving the performance of this system. In
this attempt, as described in Figure 2 of Proc. 10th Int. Workshop on Rare Earth Magnets and Their Applications, 265
(1989), the maximum energy product (BH)max shows a peak value when the Fe content is a certain value. As suggested
in Proc. of 11th Rare Earth Research Cont., 476 (1974), this is attributable to the fact that an increase in Fe content
contributes to an increase in saturation magnetization but unfavorably lowers the magnetic anisotropy. For Sm2Co17-
based bonded magnets having a high Fe content, as described in Proc. of ICF6, (1992) p1050 - 1051, fine cast struc-
ture and optimum heat treatments prevent a lowering in coercive force and squareness (due to the increase in Fe con-
tent), so that increase the performance. Further, as reported in Japanese Patent Laid-Open No. 218445/1985 and
papers, in some cases, an improvement in performance is attempted by employing, as Rare Earth element, Sm part of
which has been substituted with other Rare Earth elements rather than use of Sm alone. As described in Fig. 1 of IEEE
Trans. Mag. MAG-20, 1593 (1984), Table 1 of IEEE Trans. Mag. MAG-15, 1762 (1979) and some documents, among
R's, a Pr or Nd substituted system can increase the saturation magnetization in accordance with an increase in substi-
tuted volume, but results in a lowering in magnetic anisotropy. Bonded magnets comprising the above composition sys-
tem are described in Journal of The Magnetics Society of Japan, 11, 243 (1987), Journal of the Japan Society of
Powder and Powder Metallurgy, 35, 584 (1988) and the like.
[0008] Bonded magnets produced by mixing two rare earth magnetic powders together are disclosed in Japanese
Patent Laid-Open Nos. 144621/1993 and 152116/1993 and the like. The bonded magnet disclosed in Japanese Patent
Laid-Open No. 144621/1993 (Applicant: Tokin Corp.) comprises a mixture of an R2Fe17N-based powder with an
R2Co17-based powder, and the bonded magnet disclosed in Japanese Patent Laid-Open No. 152116/1993 comprises
a mixture of an R2Fe17N-based powder with an R2Fe14B-based powder. However, neither information on coercive force
of the mixed powder nor an improvement in magnetic properties by magnetic interaction among powder particles is dis-
closed, and the improvement in magnetic properties by mixing relies entirely upon an enhancement in packing density
of magnetic powder (see Japanese Patent Laid-Open No. 144621/1993 on page 2, right col., line 24 and Japanese Pat-
ent Laid-Open No. 152116/1993 on page 2, right col., line 34 to page 3, left col., line 9). Furthermore, Japanese Patent
Laid-Open No. 36613/1992 discloses that powders different from each other in particle diameter and coercive force are
mixed together. But in this proposal, the coercive force and the particle diameter are not limited at all, and nothing is
mentioned on an improvement in squareness by the magnetic interaction.
[0009] In recent years, the magnetic materials called an "exchange spring magnets" have been reported in the art
(e.g. WO92/15995). These magnets comprise a soft magnetic phase and a hard magnetic phase. The thickness of the
soft magnetic phase is made smaller than the domain wall width of the soft magnetic phase to inhibit the magnetization
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reversal of the soft magnetic phase, thereby enabling coercive force to be increased. More specifically, αFe-Nd2Fe14B,
Fe3B-Nd2Fe14B, αFe-Sm2Fe17Nx and other materials have been reported. In the above exchange spring magnets, the
phases must be crystallographically coherent. Among processes for producing the above materials include rapid
quenching and mechanical alloying. These production processes impose restriction on a combination of the soft mag-
netic phase with the hard magnetic phase. Further, the structure renders the squareness low. Furthermore, at the
present time, these magnetic materials which could have successfully produced in the art are isotropic, and anisotropic
magnetic materials have not been reported at all.

[0010] GB-A-2232165 discloses a magnetic composition which comprises a combination of two or more magnetic
phases having different magnetic properties which interact synergistically. The consequence of this synergism is that a
completely new set of properties can be produced by combining two or more materials. The composition may have a
significantly better temperature stability than that of neodymium-iron-boron alloys and may also be less susceptible to
failure when subjected to a reverse field such as often occurs under load conditions.
[0011] WO-A-9215995 discloses a new category of ferromagnetic materials consisting of two phases, namely a
hard magnetic phase and a soft magnetic phase, which are structured by interchange coupling of the spins of the two
phases. Preferably the weak magnetic phase is of the cubic lattice type and the orientation of the hard magnetic phase
is distributed statistically with respect to the principal direction of the soft magnetic phase. The magnetic material is
characterized by high reversibility of the remanence and by an isotropic ratio of remanence to saturation magnetization
greater than 0.6. A preferred embodiment of the material of the invention has the composition RExFEyBzSiuTv, where
RE = rare earth and/or Y, Zr, Hf and T = Cr, Nb, Mo, V. The materials are suitable for permanent magnets, broadband
microwave absorbers and magnetic recording media.
[0012] The conventional permanent magnets had the following problems.

(1) An increase in saturation magnetization gives rise to a decrease in coercive force, which results in a decrease
in maximum energy product (BH)max.
(2) An increase in coercive force unfavorably gives rise to a decrease in saturation magnetization.
(3) In mixing of two powders having different properties, an improvement in magnetic property appears only in the
form of the sum of each properties of the two powders, and no improvement in the properties beyond the sum can
be obtained.
(4) The magnetic powder comprising two phases (exchange spring magnet) cannot provide anisotropic character-
istics.

SUMMARY OF THE INVENTION

[0013] In order to solve the above-described problems, the present invention provides a magnetic powder as
claimed in claim 1, a bonded magnet produced from such powder and a sintered magnet produced from such powder.
Preferred embodiments of the invention are subject-matter of the dependent claims.
[0014] When two magnetic powders, i.e., a magnetic powder having high Br and low iHc and a magnetic powder
having low Br and high iHc, are mixed together, magnetic interaction works among the mixed powder, so that the result-
ant magnetic powder has magnetic properties superior to those obtained by merely adding the magnetic properties of
the two powders. This greatly contributes to an improvement in squareness, as shown in Example A of Fig. 2. In this
case, the magnetic interaction among different magnetic particles, which is indispensable to an improvement in per-
formance, is such that the magnetization reversal of particles having a low coercive force is suppressed by a magnetic
field like a kind of mean field formed among particles having a high coercive force.
[0015] In order to enhance this interaction, the coercive forces of the magnetic powders to be mixed together meet
the relationship  (0.1 < y < 1). When y is less than 0.1, the suppression of magnetization reversal by the
magnetic powder having a high coercive force becomes so weakened that a dent occurs in a demagnetization curve
resulting in a lowered squareness. The term "dent" used herein is intended to mean that an inflection point is present
in a magnetization curve of the second quadrant (the fourth quadrant). More specifically, a demagnetization curve hav-
ing a dent is, for example, that for Comparative Example 1-1 shown in Fig. 2.
[0016] The magnitude of the residual magnetic flux density (or saturation magnetization) of the magnetic powder is
greatly involved in the magnetic interaction. In order to enhance this interaction, it is preferred to meet the relationship

 (1 < x≤2). When the x is 1 or less, although the squareness in the mixture of two powders is good, total Br
of the two powders is decreased, which eventually results in a decrease in magnetic properties. When x exceeds 2, a
large dent occurs and, also in this case, the properties are deteriorated.
[0017] The magnetic interaction working between different magnetic powders is most important, and this interac-
tion works most when both the magnetic powders are in contact with each other as closely as possible and homogene-
ously dispersed in the whole material. In order to enhance the interaction, it is preferred to meet the relationship

(0.5≤a≤1.5). When a is below 0.5 or exceeds 1.5, one of the magnetic powders is present as cluster and is

HcA = ygHcB

BrA = x.BrB

i/j = a(i'/j')
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difficult to be homogeneously dispersed, so that no satisfactory magnetic interaction occurs. More preferably, the value
should be 0.9≤a≤1.1 because the different magnetic powders can be homogeneously dispersed in each other.

[0018] Microscopically observed, it is important that the different magnetic powders are in contact with each other.
Therefore the number n: contacting point of both powders is preferably  wherein rA < rB, and is
preferably  wherein rA > rB. When the n value is equal to , the about half of the
surface of the powder having a larger particle radius occupied with about half of the different powder. When the n value
is less than , the powder of the same kind are unfavorably clustered.
[0019] Since the magnetic interaction is like the mean field, there is a limitation on the distance to which the inter-
action can reach. Therefore, the shorter the distance between the two powders is, the bigger the magnitude of the inter-
action. When the mixed powder comprising the two powders is magnetized, the interaction is enhanced with increasing
the packing density of magnetic powder. This interaction is particularly enhanced when the packing density of magnetic
powder is 50% or more in bonded magnets and 95% or more in sintered magnets.
[0020] Further, when rA < rB, the R-TM-N(C,H)-based fine powder is aligned on the surface of the powder particles
having a higher coercive force, so that the alignment effect can be added to the interaction. Furthermore, an enhance-
ment in packing density of magnetic powder among powder enhances the magnetic interaction. In order to obtain this
effect, it is preferred to meet the relationship 0.1 µm≤rA≤10 µm and 10 µm≤rB≤100 µm. When rA is less than 0.1 µm,
no rotation torque is obtained and, further, the packing density of magnetic powder is also decreased. When rA is larger
than 10 µm, no enough coercive force can be obtained and the magnetic interaction does not work. When rB is less
than 10 µm, the magnetic field formed by the magnetic powder having a higher coercive force is weakened. On the
other hand, when rB is larger than 100 µm, the packing density of magnetic powder becomes so low that the interaction
is weakened. In order to further enhance the interaction, it is preferred to meet the relationship 1 µm≤rA≤5 µm and 20
µm≤rB≤30 µm. In these ranges, the magnetic interaction becomes so strong that high magnetic properties are
obtained.
[0021] Even though any one of the two magnetic materials has poor temperature characteristics, that of the mixed
materials are improved by the interaction.
[0022] As specifically described in Example A and other examples, which will be described later, in the mixed pow-
der, the magnetic interaction is enhanced when there is a difference between powder content values at which the max-
imum value (peak) of the packing density of magnetic powder and the maximum value (peak) of the maximum energy
product (BH)max are obtained respectively. In order to enhance the magnetic interaction, the difference between the
weight percentage value of any one powder constituting a mixed powder at which the maximum value of the packing
density of magnetic powder is obtained and that of said one powder constituting a mixed powder at which the maximum
value of the maximum energy product (BH)max is obtained, for example, in terms of wt% of powder A, is preferably not
less than 5 wt%. When the value difference is not less than 5 wt%, certain magnetic interaction works between the pow-
ders mixed, so that there is no possibility that the squareness deterioration due to a dent in a demagnetization curve.
[0023] In the mixing of magnetic powders, two or more powders should be first mixed together to improve the dis-
persibility (degree of mixing) of different powders, so that more effective magnetic interaction is attained.
[0024] Further, when milling and mixing of two or more magnetic powders are simultaneously carried out, fresh
powder surfaces, which appear by milling, come into contact with one another, which enhances the magnetic interac-
tion.
[0025] In the preparation for bonded magnets, magnetization of the mixed powder followed by molding contributes
to an improvement in magnetic interaction among particles, which enables the squareness and the orientation to be
improved.
[0026] In the preparation of sintered magnets, plasma sintering can minimize the deterioration of the powders and
enhance the magnetic interaction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 shows the relationship between the amount of powder A1 and the magnetic properties;
Fig. 2 shows demagnetization curves of mixed bonded magnets (Example A and Comparative Example 1-1);
Fig. 3 shows demagnetization curves of mixed bonded magnets (Comparative Example 1-2 and Comparative

Example 1-3);
Fig. 4(A) shows demagnetization curves of Examples C and A, Fig. 4(B) shows a difference in demagnetization

curves between Examples C and A, and Fig. 4(C) shows demagnetization curves (Examples C and A)
when having been held in air at 150°C for 100 hrs;

Fig. 5 shows the relationship between the difference in coercive forces between two powders and the maximum
energy product;

2(rA + rB) 2/rA 2 < n
2(rA + rB) 2/rB 2 < n 2(rA + rB) 2/rA 2

2(rA + rB) 2/rA 2
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Fig. 6 shows the relationship between the coefficient of dispersion of powder and the maximum energy product;

Fig. 7 shows the relationship between the amount of powder B4 mixed and the magnetic properties;
Fig. 8 shows demagnetization curves of mixed bonded magnets (Example G and Comparative Example 7);
Fig. 9 shows the relationship between the difference in coercive force between two powders and the maximum

energy product;
Fig. 10 shows the relationship between the difference between measured and calculated magnetization values

and the magnetic field;
Fig. 11 shows the relationship between the peak value of the difference between measured and calculated mag-

netization for bonded magnets and the magnetic powder volume packing fraction;
Fig. 12 shows the relationship between the peak value of the difference between measured and calculated mag-

netization for sintered magnets and the magnetic powder volume packing fraction; and
Fig. 13 shows the relationship between the number of contacting point of two magnetic powders and the maxi-

mum energy product.

EXAMPLES

[0028] The present invention will now be described in more detail with reference to the following examples.

(Example 1)

[0029] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere in
order to be the composition comprising 24.5 wt% Sm and 75.5 wt% Fe. The ingot was subjected to a homogenization
treatment at 1100°C for 24 hrs and coarsely crushed to an average particle diameter of 100 µm by means of stamp mill.
The powder was nitrided at 450°C for one hr in a mixed gas of hydrogen and ammonia. It was then pulverized by means
of jet mill to obtain a finely divided powder having an average particle diameter of 2.0 µm. The fine powder was desig-
nated as "A1." The coercive force of the fine powder was measured to be 7.9 kOe (x80 kA/m).
[0030] Separately, an ingot was prepared by melting and casting using a high frequency melting furnace in an
argon gas atmosphere, resulting in the ingot's composition comprised 24.2 wt% Sm, 45.7 wt% Go, 22.9 wt% Fe, 5.3
wt% Cu and 1.9 wt% Zr. This ingot was subjected to a solution heat treatment in an argon atmosphere at 1150°C for
24 hrs. Thereafter, the treated ingot was aged in at 800°C for 12 hrs and then continuously cooled to 400°C at a rate of
0.5°C/min. Thereafter, the aged ingot was pulverized by means of a stamp mill and an attritor to prepare a powder hav-
ing an average particle diameter of 21 µm. This powder was designated as "B1." The powder had a coercive force of
12.8 kOe (x80 kA/m).
[0031] The above two powders were mixed together so as to meet the relationship represented by the formula
(a)A1 + (100-a)B1 wherein a is, in wt%, 0, 5, 10, 15, 20, 25, 30, 35 and 40. The mixed powder was mixed and milled
together with 1.6 wt% an epoxy resin, subjected to compression molding in a magnetic field of 15 kOe (x80 kA/m) at a
molding pressure of 7 ton/cm2 and then cured in a nitrogen gas atmosphere at 150°C for one hr to prepare a bonded
magnet.
[0032] The magnetic properties of a bonded magnets prepared in this example are shown in Fig. 1. In Fig. 1, the
peak value of the packing density of magnetic powder is found in a = 10 wt%. On the other hand, the peak of the max-
imum energy product (BH)max is found at a = 25 wt%. That is, the a value which provides the peak value of the packing
density of magnetic powder is not in agreement with that which provides the peak value of the magnetic property. From
this, it is understood that an enhancement in magnetic properties is not attributable to the packing density of magnetic
powder alone. The bonded magnet having a = 25 wt% will be hereinafter referred to as "Example A."
[0033] Then, bonded magnets (resin content: 1.6 wt%) were prepared respectively from powder A1 alone and pow-
der B1 alone. The bonded magnets thus molded were adhered to each other so that the amount of powder A1 was 25
wt% of total body. This composite bonded magnet will be hereinafter referred to as "Comparative Example 1-1."
[0034] Magnetization curves (demagnetization curves) for Example A and Comparative Example 1-1 are shown in
Fig. 2. If an enhancement in magnetic properties is attributable only to an increase in packing density of magnetic pow-
der alone, both the magnetization curves should be in agreement with each other. However, the magnetization of Exam-
ple A shows higher value than that of Example B at any magnetic field. This demonstrates that Example A has an
improved alignment over the magnet molded by employing a single powder. Further, the magnetization curve for Com-
parative Example 1-1 has a dent in a region of from 8 to 11 kOe (x80 kA/m) of magnetic field, whereas no dent is
observed in the magnetization curve for Example A. This is because in Example A, the magnetic interaction occurred
among different particles.
[0035] That the magnetic interaction caused by coercive force difference between both powders can be understood
from the results obtained in Comparative Examples 1-2 and 1-3. An ingot was prepared by melting and casting using a
high frequency melting furnace in an argon gas atmosphere resulting in the ingot's composition comprised 24.2 wt%

5

10

15

20

25

30

35

40

45

50

55



EP 0 654 801 B1

6

Sm, 45.7 wt% Co. 22.9 wt% Fe, 5.3 wt% Cu and 1.9 wt% Zr. This ingot was subjected to a solution heat treatment in
an argon atmosphere at 1150°C for 24 hrs. Thereafter, the treated ingot was then aged at 800°C for 6 hrs and continu-
ously cooled to 400°C at a rate of 0.5°C/min. Thereafter, the aged ingot was pulverized by means of a stamp mill and
an attritor to prepare a powder having an average particle diameter of 21 µm. This powder had a coercive force of 7.9
kOe (x80 kA/m). This powder was mixed with 25 wt% powder A1, and the mixture was further mixed and milled together
with 1.6 wt% an epoxy resin. The resultant mixture was subjected to compression molding at a pressure of 7 ton/cm2

in a magnetic field of 15 kOe (x80 kA/m). The molded body was cured in a nitrogen gas atmosphere at 150°C for one
hr to prepare a bonded magnet. This bonded magnet will be hereinafter referred to as "Comparative Example 1-2." Sep-
arately, bonded magnets were prepared from the respective two powders used in Comparative Example 1-2 and
adhered to each other. This composite magnet will be hereinafter referred to as "Comparative Example 1-3." Magneti-
zation curves for both magnets are shown in Fig. 3. As can be seen from Fig. 3, the magnetization curve for Compara-
tive Example 1-2 is substantially in agreement with that for Comparative Example 1-3. From the above results, it can be
understood that a high magnetic property by virtue of magnetic interaction cannot be obtained without mixing two mag-
netic powders different from each other in coercive force.

(Example 2)

[0036] Powder A1 and powder B1 used in Example 1 were mixed together in a weight ratio of 1 : 3 using a twin-
cylinder mixer. The mixture was further mixed and kneaded together with 1.6 wt% of an epoxy resin. The resultant com-
pound was subjected to compression molding at a molding pressure of 7 ton/cm2 in a magnetic field of 15 kOe (x80
kA/m). The molded body was cured in a nitrogen atmosphere at 150°C for one hr to prepare a bonded magnet. This
bonded magnet will be hereinafter referred to as "Example B."
[0037] Then, powder A1 and powder B1 were separately mixed and kneaded together with 1.6 wt% of an epoxy
resin. The resultant compounds were again mixed and kneaded together so that the ratio of A1 to B1 was 1 : 3. The
resultant compound was then subjected to compression molding at a pressure of 7 ton/cm2 in a magnetic field of 15
kOe (x80 kA/m), and the molded body was cured in a nitrogen atmosphere at 150°C for one hr to prepare a bonded
magnet. This bonded magnet will be hereinafter referred to as "Comparative Example 2." The magnetic properties of
Example B and Comparative Example 2 are tabulated below.

[0038] Example B had high magnetic property, whereas the properties of Comparative Example 2 were low due to
a deterioration in squareness. Therefore, it can be understood that sufficient mixing of powders followed by molding of
a bonded magnet enables strong magnetic interaction to work among different particles, so that a high-performance
bonded magnet can be obtained.

(Example 3)

[0039] Cylindrical bonded magnets having a diameter of 10 mm and a height of 7 mm were prepared from Example
B, Comparative Example 1-2 and a bonded magnet (Comparative Example 3) comprising powder A1 and, 4 wt% of an
epoxy resin. They were subjected to an exposing test at 150°C for 1000 hrs. The magnetization loss of the cylindrical
bonded magnets are tabulated below.

[0040] It is apparent that Example B is superior in temperature characteristics to the other bonded magnets.

Br (kG (x10-1T)) iHc (kOe (x80 kA/m)) (BH)max (MGOe (x8
kJ/m3))

Ex. B 10.5 11.9 24.6

Comp.Ex. 2 9.4 11.4 18.9

Ex. B Comp.Ex. 1-2 Comp.Ex. 2 Comp.Ex. 3

Demagnetization (%) 4.8 10.2 7.3 46.3
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(Example 4)

[0041] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,
resulting in the ingot's composition comprised 24.2 wt% of Sm, 45.7 wt% of Co. 22.9 wt% of Fe, 5.3 wt% of Cu and 1.9
wt% of Zr. This ingot was subjected to a solution heat treatment in an argon atmosphere at 1150°C for 24 hrs. There-
after, the treated ingot was then aged at 800°C for 12 hrs and continuously cooled to 400°C at a rate of 0.5°C/min.
Thereafter, the aged ingot was coarsely crushed by means of a stamp mill to an average particle diameter of 200 µm.
This powder was designated as "B2."
[0042] Powder A1 and powder B2 were mixed in the weight ratio of 1 : 3. Then pulverization and mixing were simul-
taneously carried out by means of a ball mill. The mixed powder was mixed and kneaded together with 1.6 wt% of an
epoxy resin, subjected to compression molding in a magnetic field of 15 kOe (x80 kA/m) at a pressure of 7 ton/cm2 and
cured in a nitrogen atmosphere at 150°C for one hr to prepare a bonded magnet. This bonded magnet will be herein-
after referred to as "Example C." The magnetic properties of Example C are shown below.

[0043] It is apparent that, by virtue of strong magnetic interaction, Example C has higher magnetic properties than
Example A.
[0044] Demagnetization curves for Example C and Example A are shown in Fig. 4(A). Both the demagnetization
curves are substantially in agreement with each other. However, when the magnetization difference between both sam-
ples curves are strictly observed, Fig. 4(B) is provided, suggesting that an improvement in squareness can be obtained
by simultaneous pulverization and mixing. From the above results, it can be understood that simultaneous pulverization
and mixing contribute to an improvement in magnetic interaction among particles because fresh surfaces come into
contact with one another, so that high magnetic properties can be obtained.
[0045] Examples C and Example A were kept in air at 150°C for 100 hrs. Demagnetization curves for Example C
and Example A after the above treatment are shown in Fig. 4(C). From Fig. 4(C), it can be clearly understood that
Example C is superior to Example A in temperature characteristics.

(Example 5)

[0046] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,
resulting in the ingot's composition comprised 24.5 wt% of Sm and 75.5 wt% of Fe. The ingot was subjected to a
homogenization heat treatment at 1100°C for 24 hrs and coarsely crushed to an average particle diameter of 100 µm
by means of a stamp mill. The powder was nitrided at 450°C for one hr in a mixed gas of hydrogen and ammonia. It was
then pulverized by means of a jet mill. At that time, the coercive force was varied by varying the pulverization time. The
resultant powders are collectively referred to as "X."
[0047] Separately, an ingot was prepared by melting and casting using an induction furnace in an argon gas atmos-
phere resulting in the composition comprised 24.2 wt% of Sm, 45.7 wt% of Co, 22.9 wt% of Fe, 5.3 wt% Cu and 1.9
wt% of Zr. This ingot was subjected to a solution heat treatment in an argon atmosphere at 1150°C for 24 hrs. There-
after, the treated ingot was aged at 800°C for 1 to 24 hrs and continuously cooled to 400°C at a rate of 0.5°C/min. In
this case, the coercive force was varied by varying the aging treatment time. Thereafter, pulverization was carried out
by means of stamp mill and attritor. The resultant powders are collectively referred to as "Y."
[0048] Powder X and powder Y were mixed together so that the X content was 25 wt%. The mixed powder was
mixed and kneaded together with 1.6 wt% of an epoxy resin, and the resultant compound was subjected to compres-
sion molding in a magnetic field of 15 kOe (x80 kA/m) at a molding pressure of 7 ton/cm2 and cured in a nitrogen atmos-
phere at 150°C for one hr to prepare bonded magnets. The magnetic properties of the bonded magnets were
measured, and the results are shown in Fig. 5.
[0049] When the coercive force of X is less than (coercive force of Y)/10, it becomes difficult to suppress the
reversal of magnetization due to the magnetic powder having a higher coercive force, so that a dent occurs in the
demagnetization curve and, at the same time, the squareness is deteriorated. On the other hand, when the coercive
force of X exceeds that of Y, no satisfactory rotation torque can be obtained, so that the magnetic properties are dete-
riorated.
[0050] From the above results, it can be understood that in order to enhance the magnetic properties by strong
magnetic interaction, it is desirable to satisfy a requirement represented by the relationship (coercive force of

Br = 10.9 kG (x10 -1T)

iHc = 12.3 kOe (x80 kA/m)

(BH) max = 25.4 MGOe (x8 kJ/m 3)
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Y)/10≤(coercive force of X)≤(coercive force of Y).

[0051] This tendency is observed in all the magnetic powders, being independent of mixed powders used.

(Example 6)

[0052] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,
resulting in the composition comprised 24.5 wt% of Sm and 75.5 wt% of Fe. The ingot was subjected to a homogeniza-
tion heat treatment at 1100°C for 24 hrs and coarsely crushed to an average particle diameter of 100 µm by means of
a stamp mill. The powder was nitrided at 450°C for one hr in a mixed gas of hydrogen and ammonia. It was then pul-
verized by means of jet mill. At that time, the average powder particle diameter was varied by varying the pulverization
time. The resultant powders are collectively referred to as "X2." The average particle diameters were shown in Table 1.
[0053] Then, an ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,
resulting in the composition comprised 24.2 wt% of Sm, 45.7 wt% of Co, 22.9 wt% of Fe, 5.3 wt% of Cu and 1.9 wt% of
Zr. This ingot was subjected to a solution heat treatment in an argon atmosphere at 1150°C for 24 hrs. Thereafter, the
treated ingot was then aged at 800°C for 12 hrs and continuously cooled to 400°C at a rate of 0.5°C/min. Thereafter,
pulverization was carried out by means of stamp mill and attritor. The average powder particle diameters shown in Table
1. These powders are collectively referred to as "Y2."
[0054] Powder X2 and powder Y2 were mixed together so that the X2 content was 25 wt%. The mixed powder was
mixed and kneaded together with 1.6 wt% of an epoxy resin, and the resultant compound was subjected to compres-
sion molding in a magnetic field of 15 kOe (x80 kA/m) at a pressure of 7 ton/cm2 and cured in a nitrogen atmosphere
at 150°C for one hr to prepare bonded magnets. The magnetic properties of the bonded magnets were measured, and
the results are shown in Table 1.

Table 1

Particle diameter of X2
(µm)

Particle Diameter of Y2
(µm)

(BH)max (MGOe (x8
kJ/m3))

Comp.Ex. 0.03 5.1 15.1

Comp.Ex. Do. 10.3 16.4

Comp.Ex. Do. 21.0 17.1

Comp.Ex. Do. 28.6 18.1

Comp.Ex. Do. 90.2 16.9

Comp.Ex. Do. 134.5 16.0

Comp.Ex. 0.1 5.1 18.4

Ex. Do. 10.3 22.9

Ex. Do. 21.0 23.2

Ex. Do. 28.6 23.3

Ex. Do. 90.2 22.9

Comp.Ex. Do. 134.5 19.6

Comp.Ex. 1.2 5.1 18.6

Ex. Do. 10.3 23.2

Ex. Do. 21.0 24.6

Ex. Do. 28.6 23.8

Ex. Do. 90.2 22.8

Comp.Ex. Do. 134.5 19.3

Comp.Ex. 4.9 5.1 17.3

Ex. Do. 10.3 22.7

Ex. Do. 21.0 23.9
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[0055] When the particle diameter of powder X2 was less than 0.1 µm, no satisfactory rotation torque was obtained.
Further, in this case, the density of magnetic powder was also decreased by a lowering magnetic interaction among
particles, which resulted in a deterioration in magnetic properties. When the powder particle diameter of X2 exceeded
10 µm, the coercive force was so low that no magnetic interaction was obtained, which results in a deterioration in mag-
netic property. On the other hand, when the powder particle diameter of Y2 was less than 10 µm, the magnetic property
was deteriorated due to a reduction in influence of the magnetic field on X2, while when the powder particle diameter
exceeded 100 µm, the magnetic properties were deteriorated due to lowered packing density of magnetic powder and
a lowered magnetic interaction. From the above results, in order to enhance the magnetic property, it is desirable to
meet the relationship: 0.1 µm≤(powder particle diameter of X2)≤10 µm and 10 µm≤(powder particle diameter of
Y2)≤100 µm. Further, when the relation 1 µm≤(powder particle diameter of X2)≤5 µm and 20 µm≤ (powder particle
diameter of Y2)≤30 µm are met, particularly strong magnetic interaction occurs, so that a very high magnetic property
can be obtained.

(Example 7)

[0056] Magnetic powder A1 obtained and magnetic powder B1 were mixed so that powder A1 content was 25 wt%.
At that time, the mixing time was varied to vary the degree of dispersion between different powders. The degree of dis-
persion was roughly estimated in terms of the value a defined in claim 3 of the prevent application. Since the total
amount of the mixed powder was 100 g, 1 g of the mixed powder was randomly sampled therefrom. The mixing ratio of
A1 to B1 was measured from the 1g sample to determine the value a. The results are shown in Fig. 6.
[0057] From Fig. 6, it is apparent that when 0.5≤a≤1.5, the maximum energy product (BH)max was high, whereas
when the value a was outside this range, (BH)max was rapidly lowered. This suggests that the dispersion of different
powders contributes to an improvement in magnetic interaction, which results in an improvement in magnetic property.
The value a is still preferably 0.9≤a≤1.1 because a particularly high (BH)max can be obtained.

(Example 8)

[0058] Melting and casting were carried out using an induction furnace in an argon gas atmosphere, resulting in the
composition comprised 12.4 wt% of Nd, 65.9 wt% of Fe, 15.9 wt% of Co and 5.8 wt% of B. A rapidly quenched ribbon
was prepared using a single roll. Then the ribbon was crushed and placed in a mold, subjected to high-temperature
compression molding in an argon gas at a temperature of 700 to 800°C for a short period of time at 2 ton/cm2 and fur-

Ex. Do. 28.6 24.0

Ex. Do. 90.2 23.6

Comp.Ex. Do. 134.5 19.5

Comp.Ex. 9.1 5.1 17.1

Ex. Do. 10.3 23.1

Ex. Do. 21.0 23.3

Ex. Do. 28.6 23.6

Ex. Do. 90.2 23.0

Comp.Ex. Do. 134.5 19.8

Comp.Ex. 15.1 5.1 19.1

Comp.Ex. Do. 10.3 19.1

Comp.Ex. Do. 21.0 19.3

Comp.Ex. Do. 28.6 19.6

Comp.Ex. Do. 90.2 19.3

Com.Ex. Do. 134.5 19.0

Table 1 (continued)

Particle diameter of X2
(µm)

Particle Diameter of Y2
(µm)

(BH)max (MGOe (x8
kJ/m3))
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ther subjected to high-temperature compression molding in the vertical direction to the initial compressing direction.
Next the compressed body was pulverized. The resultant powder was designated as "B3."

[0059] Magnetic properties were measured in the same manner as in Example 1 with various mixing ratios. As a
result, the peak value of the packing density of magnetic powder was obtained at a = 15 wt%. On the other hand, the
peak value of (BH)max was obtained at a = 30 wt%. The bonded magnet having a = 30 wt% will be hereinafter referred
to as "Example D." The magnetic properties of Example D were as follows. The properties of a bonded magnet as Com-
parative Example 4 prepared by using powder B3 alone are also given below.

[0060] It can be understood that as compared with Comparative Example 4, Example D had very high magnetic
properties by virtue of magnetic interaction.

(Example 9)

[0061] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,
resulting in the composition comprised 6.7 wt% of Sm, 2.3 wt% of Ce, 6.8 wt% of Pr, 6.9 wt% of Nd, 51.2 wt% of Co,
15.39 wt% of Fe, 6.8 wt% of Cu and 3.4 wt% of Zr. This ingot was subjected to a solution heat treatment in an argon
atmosphere at 1145°C for 24 hrs. Thereafter, the treated ingot was then aged at 780°C for 12 hrs and continuously
cooled to 400°C at a rate of 0.5°C/min. Thereafter, the aged ingot was pulverized by means of stamp mill and attritor to
prepare a powder having an average particle diameter of 20 µm. This powder was designated as "B4." The powder had
a coercive force of 10.5 kOe (x80 kA/m).
[0062] Then, an ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,
resulting in the composition comprised 22.5 wt% of Sm, 2.3 wt% of Pr, 70.1 wt% of Fe and 5.1 wt% of Co. The ingot
was subjected to a homogenization heat treatment at 1100°C for 24 hrs and coarsely crushed to an average particle
diameter of 100 µm by means of stamp mill. The powder was nitrided at 450°C for 2 hrs in a mixed gas of hydrogen and
ammonia. It was then pulverized by means of jet mill to prepare a fine powder having an average particle diameter of
2.2 µm. The fine powder was designated as "A2." The coercive force of this powder was measured to be 6.5 kOe (x80
kA/m).
[0063] Powder A2 and powder B4 were mixed and kneaded together in a weight ratio of A2 to B4 of 1 : 3. The result-
ant compound was subjected to compression molding in a magnetic field of 15 kOe (x80 kA/m) at a pressure of 7
ton/cm2 and cured in a nitrogen atmosphere at 150°C for one hr to prepare a bonded magnet. This bonded magnet will
be hereinafter referred to as "Example E." The magnetic properties of Example E are shown below.

[0064] Despite the fact that the Sm content of Example E was lower than that of Example A, Example E exhibited
sufficiently high magnetic properties.

(Example 10)

[0065] Powder A1 and powder B1 used in Example 1 were mixed together in a weight ratio of 1 : 3. The mixture was
further mixed and kneaded together with 1.6 wt% of an epoxy resin. The resultant compound was magnetized in a mag-
netic field of 40 kOe (x80 kA/m), subjected to compression molding at a pressure of 7 ton/cm2 in a magnetic field of 15
kOe (x80 kA/m). The molding was cured in a nitrogen gas atmosphere at 150°C for one hr to prepare a bonded magnet.
This bonded magnet will be hereinafter referred to as "Example F." The magnetic properties of Example F are shown
below.

Br (kG (x10-1T)) iHc (kOe (x80 kA/m)) (BH)max (MGOe (x8
kJ/m3))

Ex. D 10.2 12.5 21.2

Comp.Ex.4 9.1 14.1 17.4

Br = 10.2 kG (x10 -1T)

iHc = 9.1 kOe (x80 kA/m)

(BH) max = 23.5 MGOe (x8 kJ/m 3)
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[0066] Thus, magnetizing in a powder (compound) form has enabled Example F to have an enhanced Br value over
Example A.

(Example 11)

[0067] An alloy comprising. 10.5 wt% Sm and 89.5 wt% Fe, which had been prepared by using Sm having a purity
of 99.9% and Fe having a purity of 99.9%, was prepared using an induction furnace in an Ar atmosphere. The resultant
ingot was then subjected to a homogenization heat treatment in an Ar atmosphere at 1100°C for 24 hrs. Thereafter, the
ingot was coarsely crushed to a powder particle diameter of about 100 µm and then carbonized in an acetylene gas at
450% for one hr. The resultant powder was pulverized to an average particle diameter of 5 µm. This powder was des-
ignated as "A3."
[0068] 20 wt% of powder A3 was added to powder B1, and pulverization and mixing were simultaneously carried
out in a ball mill. The mixed powder was mixed and milled together with 1.6 wt% of an epoxy resin. The resultant com-
pound was then subjected to compression molding at a pressure of 7 ton/cm2 in a magnetic field of 15 kOe (x80 kA/m)
and cured in a nitrogen atmosphere at 150°C for one hr to prepare a bonded magnet. The magnetic properties of this
bonded magnet are shown below.

[0069] As is apparent from the above results, sufficiently high magnetic properties can be obtained also in a carbide
system other than R2Fe17Nx system. Therefore, it can be understood that an enhancement in magnetic properties by
taking advantage of magnetic interaction according to the present invention is not limited to a system having a particular
composition.

(Example 12)

[0070] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,
resulting in the composition comprised 24.2 wt% of Sm, 45.7 wt% of Co, 22.9 wt% of Fe, 5.3 wt% of Cu and 1.9 wt% of
Zr. This ingot was subjected to a solution heat treatment in an argon atmosphere at 1150°C for 24 hrs. Thereafter, the
treated ingot was then aged at 800°C for 12 hrs and continuously cooled to 400°C at a rate of 0.5°C/min. Thereafter,
the aged ingot was pulverized by means of stamp mill and attritor to prepare a powder having an average particle diam-
eter of 21 µm. This powder was designated as "A2." Powder A2 was mixed and milled together with 1.6 wt% of an epoxy
resin, subjected to compression molding in a magnetic field of 15 kOe (x80 kA/m) at a pressure of 7 ton/cm2 and cured
at 150°C for one hr to prepare a bonded magnet. This bonded magnet was designated as "Comparative Example 5."
[0071] Separately, an ingot was prepared by melting and casting, resulting in the composition comprised 25.8 wt%
of Sm, 44.9 wt% of Co, 24.8 wt% of Fe, 3.2 wt% of Cu and 1.3 wt% of Zr. The ingot was then subjected to a solution
heat treatment in an argon atmosphere at 1120°C for 48 hrs. Thereafter, the treated ingot was then aged at 800°C for
15 hrs and continuously cooled to 400°C at a rate of 0.5°C/min. Thereafter, the aged ingot was pulverized by means of
stamp mill and attritor to prepare a powder having an average particle diameter of 23 µm. This powder was designated
as "B4." Powder B4 was mixed and kneaded together with 1.6 wt% of an epoxy resin, subjected to compression mold-
ing in a magnetic field of 15 kOe (x80 kA/m) at a pressure of 7 ton/cm2 and cured at 150°C for one hr to prepare a
bonded magnet. This bonded magnet was designated as "Comparative Example 6."
[0072] The above two powders were mixed together so as to meet the relationship  wherein
a is, in wt%, 0 (Comparative Example 6), 20, 40, 60, 80 and 100 (Comparative Example 5). The mixed powder was
mixed and kneaded together with 1.6 wt% of an epoxy resin, subjected to compression molding in a magnetic field of
15 kOe (x80 kA/m) at a pressure of 7 ton/cm2 and cured at 150°C for one hr to prepare a bonded magnet. The magnetic
properties of the bonded magnet are shown in Fig. 7. As is apparent from Fig. 7, the maximum energy product had a
peak value when the value a was 40 wt%. This bonded magnet having a value a of 40% had a higher performance than

Br = 10.9 kG (x10 -1T)

iHc = 12.1 kOe (x80 kA/m)

(BH) max = 25.6 MGOe (x8 kJ/m 3)

Br = 10.1 kG (x10 -1T)

iHc = 10.1 kOe (x80 kA/m)

(BH) max = 22.4 MGOe (x8 kJ/m 3)

{(a)xA2} + {(100- a)B4}
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a bonded magnet either comprising A1 alone or a bonded magnet comprising B1 alone. The bonded magnet having a
value a of 40 wt% will be hereinafter referred to as "Example G." The magnetic properties of Example G, Comparative
Example 5 and Comparative Example 6 were as follows.

[0073] Then, bonded magnets were prepared respectively from powder A2 alone and powder B4 alone. The two
bonded magnets thus formed were adhered to each other so that the amount of powder A2 was 40 wt%. This compos-
ite bonded magnet will be hereinafter referred to as "Comparative Example 7." Magnetization curves (demagnetization
curves) for Example G and Comparative Example 7 are shown in Fig. 8. The magnetization curve for Comparative
Example 7 had a dent in a region of from 5 to 9 kOe (x80 kA/m), whereas no dent was observed in the magnetization
curve for Example G. This is because, in Example G, magnetic interaction occurred among different particles. The term
"dent" used herein is intended to mean that an inflection point is present in a magnetization curve of the second quad-
rant (the fourth quadrant).

(Example 13)

[0074] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,
resulting in the composition comprised 10.0 wt% of Sm, 14.0 wt% of Pr, 46.3 wt% of Co, 21.6 wt% of Fe, 6.2 wt% of Cu
and 1.9 wt% of Zr. This ingot was subjected to a solution heat treatment in an argon atmosphere at 1130°C for 48 hrs.
Thereafter, the treated ingot was then aged at 800°C for 12 hrs and continuously cooled to 400°C at a rate of 0.5°C/min.
Thereafter, the aged ingot was pulverized by means of stamp mill and attritor to prepare a powder having an average
particle diameter of 20 µm. This powder was designated as "C1." Powder C1 was mixed and milled together with 1.6
wt% of an epoxy resin, subjected to compression molding in a magnetic field of 15 kOe (x80 kA/m) at a pressure of 7
ton/cm2 and cured at 150°C for one hr to prepare a bonded magnet. This bonded magnet was designated as "Compar-
ative Example 7."
[0075] Powder C1 and Powder A2 were mixed together in a weight ratio of 13 : 7, and the mixed powder was further
mixed and kneaded together with 1.6 wt% of an epoxy resin, subjected to compression molding in a magnetic field of
15 kOe (x80 kA/m) at a pressure of 7 ton/cm2 and cured at 150°C for one hr to prepare a bonded magnet. This bonded
magnet will be hereinafter referred to as "Example H." The above procedure was repeated to prepare a bonded mag-
net, except that in the case of the magnets in which powder C1 alone was used. This bonded magnet will be hereinafter
referred to as "Comparative Example 8." The magnetic properties of Example H and Comparative Example 8 are tab-
ulated below.

[0076] As is apparent from the above results, Example H had high magnetic properties, whereas Comparative
Example 8 had a deteriorated performance due to a low coercive force.

(Example 14)

[0077] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,

Br (kG (x10-1T)) iHc (kOe (x80 kA/m)) (BH)max (MGOe (x8
kJ/m3))

Ex. G 9.6 9.5 21.2

Comp.Ex. 5 9.2 12.5 18.5

Comp.Ex. 6 10.2 7.2 18.8

Br (kG (x10-1T)) iHc (kOe (x80 kA/m)) (BH)max (MGOe (x8
kJ/m3))

Comp.Ex. 7 9.1 11.5 19.2

Ex. H 9.8 10.8 22.1

Comp.Ex. 8 10.5 7.1 17.8
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resulting in the composition comprised 12.4 wt% of Sm, 11.9 wt% of Nd, 46.2 wt% of Co, 21.5 wt% of Fe, 6.1 wt% of
Cu and 1.9 wt% of Zr. This ingot was subjected to a solution heat treatment in an argon atmosphere at 1140°C for 48
hrs. Thereafter, the treated ingot was then aged at 800°C for 12 hrs and continuously cooled to 400°C at a rate of
0.5°C/min. Thereafter, the aged ingot was pulverized by means of stamp mill and attritor to prepare a powder having an
average particle diameter of 22 µm. This powder was designated as "D1." Powder D1 was mixed and kneaded together
with 1.6 wt% of an epoxy resin, subjected to compression molding in a magnetic field of 15 kOe (x80 kA/m) at a pres-
sure of 7 ton/cm2 and cured at 150°C for one hr to prepare a bonded magnet. This bonded magnet was designated as
"Comparative Example 9."

[0078] Powder D1 and powder A2 were mixed together in a weight ratio of 60 : 40, and the mixture was further
mixed and kneaded together with 1.6 wt% of an epoxy resin, subjected to compression molding in a magnetic field of
15 kOe (x80 kA/m) at a molding pressure of 7 ton/cm2 and cured at 150°C for one hr to prepare a bonded magnet. This
bonded magnet will be hereinafter referred to as "Example I." The above procedure was repeated to prepare a bonded
magnet, except that powder C1 alone was used. This bonded magnet will be hereinafter referred to as "Comparative
Example 10." The magnetic properties of Example I and Comparative Example 10 are tabulated below.

[0079] Example I had high magnetic properties, whereas Comparative Example 10 had no satisfactory perform-
ance due to a low coercive force.

(Example 15)

[0080] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere in
such a manner that the composition comprised 24.2 wt% of Sm, 44.9 wt% of Co, 26.5 wt% of Fe, 3.2 wt% of Cu and
1.2 wt% of Zr. The ingot was subjected to a solution heat treatment in an argon atmosphere at 1120°C for 48 hrs. There-
after, the treated ingot was then aged at 800°C for a given period of time and then continuously cooled to 400°C at a
rate of 0.5°C/min. The coercive force was varied by varying the aging time (1-24 hrs). These powders were designated
as "X2." Separately, an ingot was prepared by melting and casting resulting in the composition comprised 24.2 wt% of
Sm, 45.7 wt% of Co. 22.9 wt% of Fe, 5.3 wt% of Cu and 1.9 wt% of Zr. The ingot was subjected to a solution heat treat-
ment in an argon atmosphere at 1150°C for 24 hrs. Thereafter, the treated ingot was then aged at 800°C for a given
period of time (1-16 hrs) and continuously cooled to 400°C at a rate of 0.5°C/min. Thus, powders Y2 having different
coercive force were obtained. Thereafter, the above powders were pulverized by means of a stamp mill and an attritor
to an average particle diameter of about 20 µm. Powders X2 and powders Y2 were mixed together in a mixing ratio of
3 : 2. 1.6 wt% of an epoxy resin was added to the mixed powders, and they were mixed and kneaded together. The
resultant compounds were subjected to compression molding in a magnetic field of 15 kOe (x80 kA/m) at a pressure of
7 ton/cm2 and cured at 150°C for one hr to prepare bonded magnets. The relationship between the coercive force and
the obtained (BH)max is shown in Fig. 9.
[0081] It is apparent that the (BH)max could be enhanced when the coercive force of X was not less than (coercive
force of Y)/10 to not more than the coercive force of Y.

(Example 16)

[0082] Ingots used for the preparation of powders A2, B4, C1 and D1 were designated respectively as A3, B5, C2
and D2. These ingots were coarsely crushed to an average particle diameter of about 200 µm. The powders prepared
by coarse crushing were mixed according to the following formulations.

Br (kG (x10-1T)) iHc (kOe (x80 kA/m)) (BH)max (MGOe (x8
kJ/m3))

Comp.Ex. 9 9.3 10.6 19.6

Ex. 1 10.1 9.8 21.1

Comp.Ex. 10 10.9 6.7 17.3

AB2 ggggggggg A3 : B5 = 2 : 3

AC2 ggggggggg A3 : C2 = 7 : 13
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[0083] Mixing of the powders were carried out while pulverizing in a ball mill. The mixed powders were mixed and
milled together with 1.6 wt% of an epoxy resin, and the resultant compounds were subjected to compression molding
in a magnetic field of 15 kOe (x80 kA/m) at a pressure of 7 ton/cm2. The moldings were cured at 150°C for one hr to
prepare bonded magnets. These bonded magnets will be hereinafter referred to respectively as "Example J (AB2),"
Example K (AC2)," and "Example L (AD2)." The magnetic properties of these bonded magnets are tabulated below.

[0084] By virtue of strong magnetic interaction, Examples J, K and L show higher magnetic properties than Exam-
ples G, H and I. This demonstrates that simultaneous pulverization and mixing of powders enhance magnetic interac-
tion among particles (by virtue of contact of fresh surfaces) to provide high magnetic properties.

(Example 17)

[0085] The compounds prepared in Example 16 were magnetized in a magnetic field of 40 kOe (x80 kA/m), sub-
jected to compression molding in a magnetic field of 15 kOe (x80 kA/m) at a pressure of 7 ton/cm2 and cured at 150°C
for one hr to prepare bonded magnets. These bonded magnets were designated as "Example M," "Example N," and
"Example O." The magnetic properties thereof are tabulated below.

[0086] As is apparent from the above results, by virtue of the magnetization in a powder, Examples M, N and O
showed a higher performance than Examples J, K and L.

(Example 18)

[0087] Powder A1 and powder B1 were mixed together and pulverized in a weight ratio of 1 : 3. The mixed powder
was mixed and kneaded together with 1.6 wt% of an epoxy resin. The resultant compound was molded in a magnetic
field of 15 kOe (x80 kA/m). At that time, the density of magnetic powder was varied by varying the molding pressure.
The magnitude of the magnetic interaction was evaluated in terms of the magnitude of a peak value of a magnetization
difference between a demagnetization curve measured in reality magnetization and a demagnetization curve deter-
mined by calculation without the interaction. That the calculated magnetization curve is well in agreement with the curve
measured in reality demagnetization curve without magnetic interaction has already been illustrated in Example 1. A
typical variation in the differences between the measured values and the calculated values is shown in Fig. 10.
[0088] The relationship between the packing density of magnetic powder and the peak value is shown in Fig. 11.
As is apparent from the drawing, it can be understood that the peak value increases with increasing the packing density
of magnetic powder, which contributes to an improvement in squareness. In particular, the peak value rapidly decreases
when the packing density of magnetic powder is not more than 50%, suggesting that the packing density of magnetic
powder is critical to effective magnetic interaction.

Br (kG (x10-1T)) iHc (kOe (x80 kA/m)) (BH)max (MGOe (x8
kJ/m3))

Ex. J 10.2 9.7 22.4

Ex. K 10.7 11.0 23.5

Comp.Ex. 12 11.0 10.1 22.7

Br (kG (x10-1T)) iHc (kOe (x80 kA/m)) (BH)max (MGOe (x8
kJ/m3))

Ex. M 10.6 10.2 23.4

Ex. N 11.2 11.5 24.1

Comp.Ex. 15 11.2 10.7 23.0

AD2 ggggggggg A3 : D2 = 2 : 3
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(Example 19)

[0089] Powder A1 and powder B1 were mixed together and pulverized together in a weight ratio of 1 : 3 to prepare
a mixed powder. The mixed powder was pressed at a pressure of 5 ton/cm2, a pulse current of 2000 A was allowed to
flow, and plasma sintering was carried out at a sintering temperature of 400°C for 5 min. The resultant sintered magnet
was designated as "Example P." Separately, powder A1 and powder B1 were subjected to plasma sintering in such a
manner that two layers were formed in the same composition as in Example P (i.e., so as to prepare a kind of a gradient
material). The resultant magnet was designated as "Comparative Example 11."
[0090] The magnetic properties of these bonded magnets were as follows.

[0091] Comparative Example 11 exhibited lowered magnetic properties due to occurrence of a dent, whereas
Example P showed a very good squareness, which contributed to an enhancement in magnetic properties.

(Example 20)

[0092] An ingot was prepared by melting and casting using an induction furnace in an argon gas atmosphere,
resulting in the composition comprised 24.2 wt% of Sm, 45.7 wt% of Co, 22.9 wt% of Fe, 5.3 wt% of Cu and 1.9 wt% of
Zr. This ingot was subjected to a solution heat treatment in an argon atmosphere at 1150°C for 12 hrs. This treated ingot
was designated as "K1."
[0093] Then, an ingot was prepared by melting and casting, resulting in the composition comprised 10.0 wt% of
Sm, 14.0 wt% of Pr, 46.3 wt% of Co, 21.6 wt% of Fe, 6.2 wt% of Cu and 1.9 wt% of Zr. This ingot was subjected to a
solution heat treatment in an argon atmosphere at 1130°C for 24 hrs. This treated ingot was designated as "K2."
[0094] Ingots K1 and K2 were milled together in a weight ratio of 13 : 7, by means of jet mill (so that pulverization
and mixing were simultaneously carried out). The mixed powder was molded in a magnetic field of 15 kOe (x80 kA/m),
and the resultant molded body was sintered at 1200°C. Thereafter, the sinter body was subjected to a solution heat
treatment at 1130°C for 24 hrs and aged at 800°C for 12 hrs and then continuously cooled to 400°C at a rate of
0.5°C/min. The sintered magnet thus prepared had the following performance.

(Example 21)

[0095] The mixed powder prepared in Example 20 was molded in a magnetic field of 15 kOe (x80 kA/m) at varied
molding pressures. Sintered magnets were prepared from the molded body in the same manner as in Example 20. The
packing density of magnetic powder was varied by varying the molding pressure as described above. The relationship
between the packing density of magnetic powder and the peak value of the difference as an index of the magnetic inter-
action determined in Example 18 is shown in Fig. 12. As is apparent from the drawing, the peak value increased, that
is, the squareness improved, with increasing the packing fraction. In particular, a rapid increase in the peak was
observed when the packing density of magnetic powder was not less than 95%, illustrating that the packing fraction is
critical to effective magnetic interaction.

(Example 22)

[0096] Melting and casing were carried out, resulting in the composition comprised 28.1 wt% of Nd, 60.2 wt% of Fe,
10.6 wt% of Co, 1.0 wt% of B and 0.1 wt% of Zr. The cast ingot was then subjected to a homogenization treatment and

Br (kG (x10-1T)) iHc (kOe (x80 kA/m)) (BH)max (MGOe (x8
kJ/m3))

Ex. P 12.7 10.2 37.5

Comp.Ex. 11 12.0 11.0 29.1

Br = 13.1 kG (x10 -1T)

iHc = 11.5 kOe (x80 kA/m)

(BH) max = 38.1 MGOe (x8 kJ/m 3)
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hydrogenated at 850°C for 3 hrs. The system was evacuated to 10-3 Torr, and the body was rapidly cooled to room tem-
perature. Thus, the so-called "HDDR" treatment was carried out. The resultant body was coarsely crushed to an aver-
age particle diameter of 200 µm. This powder was designated as "L1."

[0097] Powder L1 and Powder B1 were mixed together in a ratio of 3 : 2, and the mixture was further mixed and
milled together with 1.6 wt% of an epoxy resin and molded in a magnetic field of 15 kOe (x80 kA/m). Thereafter, the
molded body was cured at 150°C for one hr to prepare a bonded magnet. The magnetic properties of the bonded mag-
net are shown below.

(Example 23)

[0098] Melting and casting were carried out so that the composition was Fe65Co35. The resultant ingot was pulver-
ized. This powder was designated as "M1." Powder M1 and powder K1 were mixed together in a weight ratio of 1 : 9.
The mixed powder was pulverized by means of a jet mill and molded in a magnetic field of 15 kOe (x80 kA/m). The
molding was sintered at 1200°C. The sintered body was subjected to a solution heat treatment at 1130°C for 24 hrs and
aged at 800°C for 12 hrs and continuously cooled to 400°C at a rate of 0.5°C/min. The sintered magnet had the follow-
ing magnetic properties.

(Example 24)

[0099] Powder M1 and powder A1 were mixed together in the weight ratio of 2 : 8. The mixed powder was pulver-
ized by means of a jet mill, mixed and milled together with 1.6 wt% of an epoxy resin and molded in a magnetic field of
15 kOe (x80 kA/m). Thereafter, the molding was cured at 150°C for one hr to prepare a bonded magnet. The magnetic
properties of the bonded magnet are shown below.

(Example 25)

[0100] Atomized Fe powder (average particle diameter is 2 µm) P1 and powder L1 were mixed together in a ratio
of 1 : 9, and the mixed powder was mixed and kneaded together with 1.6 wt% of an epoxy resin and molded in a mag-
netic field of 15 kOe (x80 kA/m). Thereafter, the molded body was cured at 150°C for one hr to prepare a bonded mag-
net. The magnetic properties of the bonded magnet are shown below.

(Example 26)

[0101] Melting and casting were carried out, resulting in the composition comprised 35 wt% of Sm and 65 wt% of

Br = 10.5 kG (x10 -1T)

iHc = 12.4 kOe (x80 kA/m)

(BH) max = 21.5 MGOe (x8 kJ/m 3)

Br = 15.4 kG (x10 -1T)

iHc = 8.1 kOe (x80 kA/m)

(BH) max = 50.1 MGOe (x8 kJ/m 3)

Br = 13.7 kG (x10 -1T)

iHc = 6.2 kOe (x80 kA/m)

(BH) max = 25.4 MGOe (x8 kJ/m 3)

Br = 13.7 kG (x10 -1T)

iHc = 10.2 kOe (x80 kA/m)

(BH) max = 26.2 MGOe (x8 kJ/m 3)

5

10

15

20

25

30

35

40

45

50

55



EP 0 654 801 B1

17

Co. The ingot was coarsely crushed by means of jaw crusher and vibrating ball mill. The resultant powder was desig-
nated as "Q1." Powder Q1 and powder M1 were mixed together in a ratio of 7 : 3. The mixed powder was pulverized by
means of jet mill, molded in a magnetic field of 15 kOe (x80 kA/m). The molded body was sintered at 1220°C. The sin-
tered body was heat-treated at 850°C for 5 hrs. The resultant sintered magnet had the following magnetic properties.

(Example 27)

[0102] An α-Fe2O3 powder and an SrCO3 powder were weighed so as to have a Fe2O3/SrO value of 5.9, mixed
together by means of a ball mill, pre-sintered at 1250°C for 4 hrs and again pulverized by means of a ball mill. The
resultant powder was designated as "R1." Powder R1 and powder K1 were mixed together in a ratio of 2 : 8, and the
mixed ingot was pulverized by means of jet mill. The mixed powder was molded in a magnetic field of 15 kOe (x80
kA/m), and the molding was sintered at 1200°C. The sintered body was heat-treated at 1130°C for 24 hrs and aged at
800°C for 12 hrs and then continuously cooled to 400°C at a rate of 0.5°C/min. The sintered magnet thus prepared had
the following magnetic properties.

(Example 28)

[0103] Powder R1 and powder A1 were mixed together in a weight ratio of 3 : 7, and the mixture was pulverized by
means of a jet mill. The mixed powder was mixed and kneaded together with 4 wt% of an epoxy resin and molded in a
magnetic field of 15 kOe (x80 kA/m). Thereafter, the molded body was cured at 150°C for one hr to prepare a bonded
magnet. The magnetic properties of the bonded magnet are shown below.

(Example 29)

[0104] Powder R1 and powder L1 were mixed together in a ratio of 1 : 9, and the mixed powder was mixed and
kneaded together with 1.6 wt% of an epoxy resin and molded in a magnetic field of 15 kOe (x80 kA/m). The molding
was cured at 150°C for one hr to prepare a bonded magnet. The magnetic properties of the bonded magnet are shown
below.

(Example 30)

[0105] Powder R1 and powder M1 were mixed together in a weight ratio of 7 : 3. The mixed powder was pulverized
by means of a jet mill and molded in a magnetic field of 15 kOe (x80 kA/m). The molded body was sintered at 1250°C
and heat-treated at 850°C for 5 hrs. The resultant sintered magnet had the following magnetic properties.

Br = 14.3 kG (x10 -1T)

iHc = 12.5 kOe (x80 kA/m)

(BH) max = 42.1 MGOe (x8 kJ/m 3)

Br = 13.5 kG (x10 -1T)

iHc = 10.2 kOe (x80 kA/m)

(BH) max = 39.2 MGOe (x8 kJ/m 3)

Br = 11.6 kG (x10 -1T)

iHc = 5.3 kOe (x80 kA/m)

(BH) max = 22.3 MGOe (x8 kJ/m 3)

Br = 10.6 kG (x10 -1T)

iHc = 12.1 kOe (x80 kA/m)

(BH) max = 21.5 MGOe (x8 kJ/m 3)

5

10

15

20

25

30

35

40

45

50

55



EP 0 654 801 B1

18

(Example 31)

[0106] Fe was nitrided at 700°C in an ammonia gas atmosphere and rapidly cooled to room temperature. The
resultant iron nitride was rapidly cooled to liquid nitrogen temperature. It was then heat-treated at 100°C to prepare
Fe16N2. The alloy thus prepared was coarsely crushed. This powder was designated as "S1." Powder S1 and powder
B1 were mixed together in a weight ratio of 1 : 9, and the mixed powder was mixed and milled together with 1.6 wt% of
an epoxy resin and molded in a magnetic field of 15 kOe (x80 kA/m). Thereafter, the molding was cured at 150°C for
one hr to prepare a bonded magnet. The magnetic properties of the bonded magnet are shown below.

(Example 32)

[0107] Powder S1 and powder A1 were mixed together in a ratio of 2 : 8, and the mixed powder was mixed and
kneaded together with 1.6 wt% of an epoxy resin and molded in a magnetic field of 15 kOe (x80 kA/m). The molded
body was cured at 150°C for one hr to prepare a bonded magnet. The magnetic properties of the bonded magnet are
shown below.

(Example 33)

[0108] Powder S1 and powder L1 were mixed together in a weight ratio of 3 : 17, and the mixed powder was mixed
and kneaded together with 1.6 wt% of an epoxy resin and molded in a magnetic field of 15 kOe (x80 kA/m). The molding
was cured at 150°C for one hr to prepare a bonded magnet. The magnetic properties of the bonded magnet are shown
below.

(Example 34)

[0109] Powder S1 and powder Q1 were mixed together in a ratio of 3 : 7, and the mixed powder was mixed and
kneaded together with 1.6 wt% of an epoxy resin and molded in a magnetic field of 15 kOe (x80 kA/m). The molded
body was cured at 150°C for one hr to prepare a bonded magnet. The magnetic properties of the bonded magnet are
shown below.

Br = 15.2 kG (x10 -1T)

iHc = 3.2 kOe (x80 kA/m)

(BH) max = 19.6 MGOe (x8 kJ/m 3)

Br = 11.6 kG (x10 -1T)

iHc = 6.2 kOe (x80 kA/m)

(BH) max = 20.9 MGOe (x8 kJ/m 3)

Br = 10.7 kG (x10 -1T)

iHc = 10.6 kOe (x80 kA/m)

(BH) max = 22.3 MGOe (x8 kJ/m 3)

Br = 10.7 kG (x10 -1T)

iHc = 10.6 kOe (x80 kA/m)

(BH) max = 22.3 MGOe (x8 kJ/m 3)

Br = 11.1 kG (x10 -1T)

iHc = 4.7 kOe (x80 kA/m)
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(Example 35)

[0110] Powder A1 and powder B1 were mixed together in a weight ratio of 1 : 3, 2.5 wt% of nylon 12 was added to
the mixed powder, and they were kneaded together at 250°C. The mixture was pelletized by means of a pulverizer and
molded in a magnetic field of 10 kOe (x80 kA/m) at 250°C to prepare a bonded magnet. In this case, the pressure was
1 ton/cm2. The magnetic properties of the bonded magnet are shown below.

[0111] From the above results, it is understood that the molding at a relatively high temperature lead a bonded mag-
net having a sufficiently high alignment and a high packing density of magnetic powder even in a low magnetic field far
alignment and at a low molding pressure.

(Example 36)

[0112] Powder A1 and powder B1 were mixed together in a ratio of 1 : 3, 10 wt% of nylon 12 was added to the mixed
powder, and they were kneaded together at 280°C. The compound was injection-molded at 280°C and an injection
pressure of 1 ton/cm2 in a magnetic field of 15 kOe (x80 kA/m). The magnetic properties of the bonded magnet thus
prepared are shown below.

(Example 37)

[0113] Powder A1 and powder B1 were mixed together in a ratio of 1 : 3, and nylon 12, an antioxidant and a silicone
oil were added thereto each in an amount of 3.2 wt%. They were milled together at 230°C by means of a twin-screw
kneader and, at the same time, pelletized. The mixture was extruded by means of an extruder in a magnetic field of 15
kOe (x80 kA/m). The magnetic properties of the extrudate are shown below.

(Example 38)

[0114] Powder A1 and powder B1 were mixed together in a weight ratio of 1 : 3. The average particle diameters of
powder A1 and powder B1 were respectively 2.0 µm (rA) and 21.0 µm (rB). The mixing was carried out by means of a
twin-cylinder mixer with varied mixing times. The mixed powders were mixed and milled together with 1.6 wt% of an
epoxy resin, and the resultant compound was molded in a magnetic filed of 15 kOe (x80 kA/m). The moldings were
cured at 150°C for one to prepare a bonded magnet. The sections of the bonded magnets were observed under a scan-
ning electron microscope (SEM) to measure the number of contacting points of A1 with B1 (average for 10 points). The
relationship between the number of contacting points and the magnetic property (maximum energy product) is shown
in Fig. 13.

(BH) max = 17.1 MGOe (x8 kJ/m 3)

Br = 10.5 kG (x10 -1T)

iHc = 10.3 kOe (x80 kA/m)

(BH) max = 22.4 MGOe (x8 kJ/m 3)

Br = 8.5 kG (x10 -1T)

iHc = 9.8 kOe (x80 kA/m)

(BH) max = 15.7 MGOe (x8 kJ/m 3)

Br = 10.5 kG (x10 -1T)

iHc = 10.0 kOe (x80 kA/m)

(BH) max = 21.0 MGOe (x8 kJ/m 3)
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Claims

1. A magnetic powder comprising a mixture of two or more powders including a magnetic powder A of a residual mag-
netic flux density BrA and a coercive force HcA and a magnetic powder B of a residual magnetic flux density BrB
and a coercive force HcB, said residual magnetic flux densities and said coercive forces having the following rela-
tionships:

BrA > BrB and
 wherein 0.1 < y < 1.

2. The magnetic powder according to claim 1, wherein said residual magnetic flux densities have the following rela-
tionship:  wherein 1 <x≤2 and 0.5≤y <1.

3. The magnetic powder according to claim 1, wherein, in said mixed powder with the total weight ratio of powder A
to powder B being i : j, when the local weight ratio of said powder A to said powder B in randomly sampled 1 % of
the total amount of said mixed powder is i' : j', said mixed powder meets a requirement represented by the formula

 wherein 0.5≤a≤1.5.

4. The magnetic powder according to claim 3, wherein a is 0.9≤a≤1.1.

5. The magnetic powder according to claim 1, wherein the number n of contacting points of said magnetic powder A
having an average powder particle diameter rA with said magnetic powder B having an average powder particle
diameter rB in said mixed powder is  when rA < rB, and  when rA > rB.

6. A bonded magnet produced from a magnetic powder according to any one of claims 1 to 5.

7. The bonded magnet according to claim 6, wherein the packing density of magnetic powder is not less than 50%.

8. A sintered magnet produced from a magnetic powder according to any one of claims 1 to 5.

9. The sintered magnet according to claim 8, wherein the packing density of magnetic powder is not less than 95%.

10. The magnetic powder according to claim 1, wherein said magnetic powder A comprises a rare earth metal (said
rare earth metal being at least one member selected from rare earth elements including Y; hereinafter referred to
as "R"), a transition metal (said transition metal being composed mainly of Fe and/or Co; hereinafter referred to as
"TM") and nitrogen, carbon and/or hydrogen an R2TM17(NCH)x system and said magnetic powder B comprises R
and Co and optional ingredients including Fe, Cu and Zr: an R2TM17 system.

11. A bonded magnet produced from a magnetic powder according to claim 10.

12. The bonded magnet according to claim 11, wherein the value difference between the value of weight percentage
of any one of the powders constituting a mixed powder at which the maximum value of the packing density of mag-
netic powder is obtained and that of said one powder constituting a mixed powder at which the maximum value of
the maximum energy product (BH)max is obtained is not less than 5 wt%.

13. The magnetic powder according to claim 10, wherein the average powder particle diameters of said powders meet
the relationship rA < rB.

14. The magnetic powder according to claim 10, wherein the average powder particle diameters of said powders meet
the relationship: 0.1µm≤rA≤10µm, 10µm≤rB≤100µm and rA < rB.

15. The magnetic powder according to claim 1, wherein said magnetic powder A comprises R2TM17(NCH)x and said
magnetic powder B comprises R, TM and B: a R2TM14B system.

16. The magnetic powder according to claim 1, wherein said magnetic powder A comprises an R2TM17 system and
said magnetic powder B comprises an R2TM14 system.

17. The magnetic powder according to claim 1, wherein said magnetic powder A comprises an R2TM14B system and

HcA = ygHcB

BrA = x g BrB

i/j = a(i'/j')

2(rA + rB) 2/rA 2 < n 2(rA + rB) 2/rB 2 < n
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said magnetic powder B comprises an R2TM17 system.

18. The magnetic powder according to claim 1, wherein said magnetic powder A comprises TM (mainly Fe) and said
magnetic powder B comprises an R2TM17 system.

19. The magnetic powder according to claim 1, wherein said magnetic powder A comprises TM (mainly Fe) and said
magnetic powder B comprises an R2TM17Nx system.

20. The magnetic powder according to claim 1, wherein said magnetic powder A comprises TM (mainly Fe) and said
magnetic powder B comprises an R2TM14B system.

21. The magnetic powder according to claim 1, wherein said magnetic powder A comprises TM (mainly Fe) and said
magnetic powder B comprises an RTM5 system.

22. The magnetic powder according to claim 1, wherein said magnetic powder A comprises TM and nitrogen and said
magnetic powder B comprises an R2TM17 system.

23. The magnetic powder according to claim 1, wherein said magnetic powder A comprises TM and nitrogen and said
magnetic powder B comprises an R2TM17Nx system.

24. The magnetic powder according to claim 1, wherein said magnetic powder A comprises TM and nitrogen and said
magnetic powder B comprises an R2TM14B system.

25. The magnetic powder according to claim 1, wherein said magnetic powder A comprises TM and nitrogen and said
magnetic powder B comprises an RTM5 system.

26. The magnetic powder according to claim 1, wherein said magnetic powder A comprises ferrite and said magnetic
powder B comprises an R2TM17 system.

27. The magnetic powder according to claim 1, wherein said magnetic powder A comprises ferrite and said magnetic
powder B comprises an R2TM17Nx system.

28. The magnetic powder according to claim 1, wherein said magnetic powder A comprises ferrite and said magnetic
powder B comprises an R2TM14B system.

29. The magnetic powder according to claim 1, wherein said magnetic powder A comprises ferrite and said magnetic
powder B comprises an RTM5 system.

30. The magnetic powder according to claim 1, wherein said magnetic powder A comprises an RTM5 system and said
magnetic powder B comprises an R2TM17 system.

31. The magnetic powder according to claim 1, wherein said magnetic powder A comprises an RTM5 system and said
magnetic powder B comprises an R2Fe14B system.

32. The magnetic powder according to claim 1, wherein said magnetic powder A comprises an RTM5 system and said
magnetic powder B comprises an R2TM17Nx system.

33. A bonded magnet produced from a magnetic powder according to any one of claims 13 to 32.

34. A bonded magnet produced from a magnetic powder according to any one of claims 10 and 13 to 32.

Patentansprüche

1. Magnetisches Pulver, umfassend eine Mischung aus zwei oder mehr Pulvern, enthaltend ein magnetisches Pulver
A mit einer Restmagnetflußdichte BrA und einer Koerzitivkraft HcA sowie ein magnetisches Pulver B mit einer
Restmagnetflußdichte BrB und einer Koerzitivkraft HcB, wobei die Restmagnetflußdichten und die Koerzitivkräfte
die folgenden Beziehungen aufweisen:
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BrA > BrB und

, wobei 0,1 < y < 1.

2. Magnetisches Pulver nach Anspruch 1, bei dem die Restmagnetflußdichten die folgende Beziehung aufweisen:
, wobei 1 < x≤2 und 0,5≤y < 1.

3. Magnetisches Pulver nach Anspruch 1, bei dem in dem Mischpulver mit dem Gesamtgewichtsverhältnis von Pulver
A zu Pulver B von i : j, wenn das lokale Gewichtsverhältnis des Pulvers A zum Pulver B in willkürlich als Probe ent-
nommenen 1 % der Gesamtmenge des Mischpulvers i' : j' ist, das Mischpulver ein Erfordernis erfüllt, das durch die
Formel  repräsentiert ist, wobei 0,5≤a≤1,5.

4. Magnetisches Pulver nach Anspruch 3, wobei a = 0,9≤a≤1,1.

5. Magnetisches Pulver nach Anspruch 1, bei dem die Anzahl n an Kontaktpunkten des magnetischen Pulvers A mit
einem mittleren Pulverteilchendurchmesser rA zu dem magnetischen Pulver B mit einem mittleren Pulverteilchen-
durchmesser rB in dem Mischpulver  ist, wenn rA < rB, und , wenn rA >
rB.

6. Bondmagnet, der aus einem magnetischen Pulver nach einem der Ansprüche 1 bis 5 hergestellt ist.

7. Bondmagnet nach Anspruch 6, bei dem die Packungsdichte des magnetischen Pulvers nicht weniger als 50 % ist.

8. Sintermagnet, der aus einem magnetischen Pulver nach einem der Ansprüche 1 bis 5 hergestellt ist.

9. Sintermagnet nach Anspruch 8, bei dem die Packungsdichte des magnetischen Pulvers nicht weniger als 95 % ist.

10. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A ein Seltenerdmetall (wobei das Selten-
erdmetall zumindest ein Mitglied ist, das aus den Seltenerdelementen einschließlich Y ausgewählt ist; hier nach-
stehend mit "R" bezeichnet), ein Übergangsmetall (wobei sich das Übergangsmetall hauptsächlich aus Fe
und/oder Co zusammensetzt; hier nachstehend mit "TM" bezeichnet) und Stickstoff, Kohlenstoff und/oder Wasser-
stoff: ein R2TM17(NCH)x-System umfaßt, und das magnetische Pulver B R und Co und optionale Bestandteile ein-
schließlich Fe, Cu und Zr: ein R2TM17-System umfaßt.

11. Bondmagnet, der aus einem magnetischen Pulver nach Anspruch 10 hergestellt ist.

12. Bondmagnet nach Anspruch 11, bei dem der Wert der Differenz zwischen dem Gewichtsprozentwert irgendeines
der ein Mischpulver bildenden Pulver, bei dem der Maximalwert der Packungsdichte des magnetischen Pulvers
erzielt wird, und dem Gewichtsprozentwert von demjenigen der ein Mischpulver bildenden Pulver, bei dem der
Maximalwert des maximalen Energieprodukts (BH)max erzielt wird, nicht weniger als 5 Gew.-% ist.

13. Magnetisches Pulver nach Anspruch 10, bei dem die mittleren Pulverteilchendurchmesser der Pulver die Bezie-
hung rA < rB erfüllen.

14. Magnetisches Pulver nach Anspruch 10, bei dem die mittleren Pulverteilchendurchmesser der Pulver folgende
Beziehung erfüllen: 0,1 µm≤rA≤10 µm, 10 µm≤rB≤100 µm und rA < rB.

15. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A R2TM17(NCH)x umfaßt und das
magnetische Pulver B R, TM und B: ein R2TM14B-System umfaßt.

16. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A ein R2TM17-System umfaßt und das
magnetische Pulver 6 ein R2TM14-System umfaßt.

17. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A ein R2TM14B-System umfaßt und das
magnetische Pulver B ein R2TM17-System umfaßt.

18. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A TM (hauptsächlich Fe) umfaßt und das
magnetische Pulver B ein R2TM17-System umfaßt.

HcA = y g HcB

BrA = x g BrB

i/j = a(i'/j')

2(rA + rB) 2/rA 2 < n 2(rA + rB) 2/rB 2 < n
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19. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A TM (hauptsächlich Fe) umfaßt und das
magnetische Pulver B ein R2TM17Nx-System umfaßt.

20. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A TM (hauptsächlich Fe) umfaßt und das
magnetische Pulver B ein R2TM14B-System umfaßt.

21. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A TM (hauptsächlich Fe) umfaßt und das
magnetische Pulver B ein RTM5-System umfaßt.

22. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A TM und Stickstoff umfaßt und das
magnetische Pulver B ein R2TM17-System umfaßt.

23. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A TM und Stickstoff umfaßt und das
magnetische Pulver B ein R2TM17Nx-System umfaßt.

24. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A TM und Stickstoff umfaßt und das
magnetische Pulver B ein R2TM14B-System umfaßt.

25. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A TM und Stickstoff umfaßt und das
magnetische Pulver B ein RTM5-System umfaßt.

26. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A Ferrit umfaßt und das magnetische Pul-
ver B ein R2TM17-System umfaßt.

27. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A Ferrit umfaßt und das magnetische Pul-
ver B ein R2TM17Nx-System umfaßt.

28. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A Ferrit umfaßt und das magnetische Pul-
ver B ein R2TM14B-System umfaßt.

29. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A Ferrit umfaßt und das magnetische Pul-
ver B ein RTM5-System umfaßt.

30. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A ein RTM5-System umfaßt und das
magnetische Pulver B ein R2TM17-System umfaßt.

31. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A ein RTM5-System umfaßt und das
magnetische Pulver B ein R2Fe14B-System umfaßt.

32. Magnetisches Pulver nach Anspruch 1, bei dem das magnetische Pulver A ein RTM5-System umfaßt und das
magnetische Pulver B ein R2TM17Nx-System umfaßt.

33. Rondmagnet, der aus einem magnetischen Pulver nach einem der Ansprüche 13 bis 32 hergestellt ist.

34. Bondmagnet, der aus einem magnetischen Pulver nach einem der Ansprüche 10 und 13 bis 32 hergestellt ist.

Revendications

1. Poudre magnétique comportant un mélange de deux, ou davantage, poudres incluant une poudre magnétique A
de densité de flux magnétique résiduel BrA et de force coercitive HcA et une poudre magnétique B de densité de
flux magnétique résiduel BrB et de force coercitive HcB, lesdites densités de flux magnétique résiduel et lesdites
forces coercitives présentant les relations suivantes:

BrA > BrB et
 avec O,1<y<1.

2. La poudre magnétique selon la revendication 1, dans le cas de laquelle lesdites densités de flux magnétique rési-
duel présentent la relation suivante:  avec 1<x≤2 et 0,5≤y<1.

HcA = y.HcB

BrA = x.BrB
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3. La poudre magnétique selon la revendication 1, dans le cas de laquelle dans ladite poudre, mélangée, le rapport
de poids total entre la poudre A et la poudre B étant i : j, si le rapport de poids local entre ladite poudre A et ladite
poudre B, échantillonné de façon aléatoire sur 1% de la quantité totale de ladite poudre mélangée, est i':j', ladite
poudre mélangée satisfait la condition représentée par la formule  avec 0,5≤a≤1,5.

4. La poudre magnétique selon la revendication 3, dans le cas de laquelle a est tel que 0,9≤a≤1,1.

5. La poudre magnétique selon la revendication 1, dans le cas de laquelle, le nombre n de points de contact de ladite
poudre magnétique A, d'un diamètre moyen rA des particules pulvérulentes, avec ladite poudre magnétique B, d'un
diamètre moyen rB des particules pulvérulentes, dans ladite poudre mélangée est  avec rA<rB,
et  avec rA>rB.

6. Aimant liaisonné produit à partir d'une poudre magnétique conforme à l'une quelconque des revendications 1 à 5.

7. Aimant liaisonné selon la revendication 6, dans le cas duquel la densité de tassement de la poudre magnétique est
non inférieure à 50%.

8. Aimant fritté produit à partir d'une poudre magnétique conforme à l'une quelconque des revendications 1 à 5.

9. L'aimant fritté selon la revendication 8, dans le cas duquel la densité de tassement de la poudre magnétique est
non inférieure à 95%.

10. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte un
métal des terres rares (ledit métal des terres rares étant au moins un élément choisi parmi des éléments des terres
rares incluant Y; ci-dessous dénommé "R"), un métal de transition (ledit métal de transition étant principalement
composé de Fe et/ou Co; ci-dessous dénommé "TM") et de l'azote, du carbone et/ou de l'hydrogène : un système
R2TM17(NCH)x et ladite poudre magnétique B comporte R et Co et des ingrédients optionnels incluant Fe, Cu et
Zr : un système R2TM17.

11. Un aimant liaisonné produit à partir de la poudre magnétique conforme à la revendication 10.

12. L'aimant liaisonné selon la revendication 11, dans le cas duquel la différence entre la valeur du pourcentage en
poids de l'une quelconque des poudres constituant une poudre mélangée pour laquelle valeur s'obtient la valeur
maximale de la densité de tassement de la poudre magnétique et celle de la même dite poudre, constituant une
poudre mélangée, pour laquelle valeur s'obtient la valeur maximale du produit maximal de l'induction magnétique
par le champ magnétique (BH) est non inférieure à 5% en poids.

13. La poudre magnétique selon la revendication 10, dans le cas de laquelle les diamètres moyens des particules pul-
vérulentes desdites poudres satisfont la relation rA<rB.

14. La poudre magnétique selon la revendication 10, dans le cas de laquelle les diamètres moyens des particules pul-
vérulentes desdites poudres satisfont la relation 0,1 µm≤rA≤10 µm, 10 µm≤rB≤100 µm et rA<rB.

15. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte
R2TM17(NCH)x et ladite poudre magnétique B comporte R, TM et B: un système R2TM14B.

16. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte un
système R2TM17 et ladite poudre magnétique B comporte un système R2TM14.

17. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte un
système R2TM14B et ladite poudre magnétique B comporte un système R2TM17.

18. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte TM
(principalement Fe) et ladite poudre magnétique B comporte un système R2TM17.

19. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte TM
(principalement Fe) et ladite poudre magnétique B comporte un système R2TM17Nx.

i/j = a(i'/j')

2(rA + rB) 2/rA<n
2(rA + rB) 2/rB 2<n
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20. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte TM
(principalement Fe) et ladite poudre magnétique B comporte un système R2TM14B.

21. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte TM
(principalement Fe) et ladite poudre magnétique B comporte un système RTM5.

22. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte TM
et de l'azote et ladite poudre magnétique B comporte un système R2TM17.

23. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte TM
et de l'azote et ladite poudre magnétique B comporte un système R2TM17Nx.

24. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte TM
et de l'azote et ladite poudre magnétique B comporte un système R2TM14B.

25. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte TM
et de l'azote et ladite poudre magnétique B comporte un système R2TM5.

26. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte de
la ferrite et ladite poudre magnétique B comporte un système R2TM17.

27. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte de
la ferrite et ladite poudre magnétique B comporte un système R2TM17Nx.

28. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte de
la ferrite et ladite poudre magnétique B comporte un système R2TM14B.

29. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte de
la ferrite et ladite poudre magnétique B comporte un système RTM5.

30. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte un
système RTM5 et ladite poudre magnétique B comporte un système R2TM17.

31. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte un
système RTM5 et ladite poudre magnétique B comporte un système R2Fe14B.

32. La poudre magnétique selon la revendication 1, dans le cas de laquelle ladite poudre magnétique A comporte un
système RTM5 et ladite poudre magnétique B comporte un système R2TM17Nx.

33. Un aimant liaisonné produit à partir d'une poudre magnétique conforme à l'une quelconque des revendications 13
à 32.

34. Un aimant liaisonné produit à partir d'une poudre magnétique conforme à l'une quelconque des revendications 10
et 13 à 32.

5

10

15

20

25

30

35

40

45

50

55



EP 0 654 801 B1

26



EP 0 654 801 B1

27



EP 0 654 801 B1

28



EP 0 654 801 B1

29



EP 0 654 801 B1

30



EP 0 654 801 B1

31



EP 0 654 801 B1

32


	bibliography
	description
	claims
	drawings

