
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
35

5 
32

0
B

1
*EP003355320B1*

(11) EP 3 355 320 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
08.04.2020 Bulletin 2020/15

(21) Application number: 17205969.3

(22) Date of filing: 07.12.2017

(51) Int Cl.:
H01F 1/057 (2006.01) H01F 41/02 (2006.01)

(54) RARE EARTH MAGNET AND METHOD OF PRODUCING THE SAME

SELTENERDMAGNET UND VERFAHREN ZUR HERSTELLUNG DAVON

AIMANT DE TERRE RARE ET SON PROCÉDÉ DE PRODUCTION

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 28.12.2016 JP 2016256776
21.06.2017 JP 2017121398

(43) Date of publication of application: 
01.08.2018 Bulletin 2018/31

(73) Proprietor: TOYOTA JIDOSHA KABUSHIKI 
KAISHA
Toyota-shi, Aichi-ken, 471-8571 (JP)

(72) Inventors:  
• ITO, Masaaki

Aichi-ken 471-8571 (JP)

• SAKUMA, Noritsugu
Aichi-ken 471-8571 (JP)

• SHOJI, Tetsuya
Aichi-ken 471-8571 (JP)

• KISHIMOTO, Hidefumi
Aichi-ken 471-8571 (JP)

• YANO, Masao
Aichi-ken 471-8571 (JP)

(74) Representative: J A Kemp LLP
14 South Square 
Gray’s Inn
London WC1R 5JJ (GB)

(56) References cited:  
GB-A- 2 506 683 JP-A- 2010 074 084
JP-A- 2016 111 136 US-A1- 2016 141 083



EP 3 355 320 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to an R-Fe-B rare earth magnet (R is a rare earth element) and a method of
producing the same. Particularly, the present disclosure relates to a (Ce, La)-Fe-B rare earth magnet and a method of
producing the same.

2. Description of Related Art

[0002] Among R-Fe-B rare earth magnets, a Nd-Fe-B rare earth magnet is the most representative. Various attempts
to improve specific characteristics of the Nd-Fe-B rare earth magnet have been made.
[0003] In a Nd-Fe-B rare earth sintered magnet, generally, anisotropy is imparted by strongly deforming a Nd-Fe-B
rare earth magnet powder sintered material. Because a processing rate for strong deformation is extremely high at 30
to 70%, high thermal processability is necessary for the sintered material. In Japanese Unexamined Patent Application
Publication No. 1992-21744 (JP 1992-21744 A), an attempt to improve thermal processability of a sintered material by
replacing a part of Nd in a Nd-Fe-B rare earth sintered magnet with Ce, La, and/or Y is disclosed.
[0004] In addition, an attempt to improve a coercive force by causing permeation of a modifier containing a Nd-Cu
alloy, a Nd-Cu-Dy alloy, and/or a Nd-Cu-Tb alloy into a Nd-Fe-B rare earth magnet has been made in the related art.
[0005] US 2016/0141083 discloses a core-shell type magnet having a structure where the core is a (Ce0.5Nd0.5)2Fe14B
phase and the outer shell is a (Nd0.83Ce0.17)2Fe14B phase (intermediate phase), and having an overall composition of
(Nd0.566Ce0.434)2Fe14B.
[0006] JP 2016-111136 discloses a rare-earth magnet having a crystal grain having a whole composition of
(CeNd)FeCoBM (in the formula, M is at least one kind of Ga, Al, Cu, Au, Ag, Zn, In, Mn, 0≤x≤0.75, 5≤y≤20, 4≤z≤6.5,
0≤w≤8, 0≤v≤2) which is constituted of a core and a shell there around. The Nd concentration is higher in shell than in
the core.

SUMMARY OF THE INVENTION

[0007] The above-described modifier is nonmagnetic. In a Nd-Fe-B rare earth magnet, when a nonmagnetic modifier
permeates between magnetic phases, the magnetic phases can be magnetically separated from each other. As a result,
since it is possible to prevent magnetization reversal proceeding across a plurality of magnetic phases, the coercive
force is improved.
[0008] However, when a content of a modifier in a Nd-Fe-B rare earth magnet increases, a content of a nonmagnetic
material increases. Thus, when a modifier is provided between magnetic phases of a Nd-Fe-B rare earth magnet,
magnetization is generally reduced.
[0009] Accordingly, the inventors found that there is a demand for preventing magnetization from being reduced even
when a coercive force is improved by causing permeation of a modifier into a rare earth magnet.
[0010] The present disclosure provides a rare earth magnet in which magnetization is able to be prevented from being
reduced when a coercive force is improved by causing permeation of a modifier thereinto and a method of producing
the same.
[0011] The inventors conducted extensive research and realized a rare earth magnet and a method of producing the
same of the present disclosure. A first aspect of the present invention relates to a rare earth magnet which includes a
main phase, a grain boundary phase present around the main phase, and an intermediate phase interposed between
the main phase and the grain boundary phase.
[0012] The rare earth magnet has an overall composition represented by
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r·(R2

1-zM2
z)s, R1 and R2 are rare earth elements other than Ce and La, T is at least

one selected from among Fe, Ni, and Co, M1 is at least one selected from among Ti, Ga, Zn, Si, Al, Nb, Zr, Mn, V, W,
Ta, Ge, Cu, Cr, Hf, Mo, P, C, Mg, Hg, Ag, and Au, and first inevitable impurities, M2 is (i) an alloy element for which a
melting point of R2

1-zM2
z is lower than a melting point of R2 when it is alloyed with R2 and (ii) second inevitable impurities,

and p, q, r, s, x, y, and z satisfy
12.0≤p≤20.0,
5.0≤q≤20.0,
0≤r≤3.0,
1.0≤s≤11.0,
0.1≤x≤0.5,
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0≤y≤0.1, and
0.1≤z≤0.5.
A total concentration of Ce and La is higher in the main phase than in the intermediate phase. A concentration of R2 is
higher in the intermediate phase than in the main phase, and a concentration of La is higher in the grain boundary phase
than in the intermediate phase.
[0013] R2 may be at least one selected from among Nd, Pr, Dy, and Tb.
[0014] The total concentration of Ce and La in the main phase may be 1.5 to 10.0 times as high as that in the intermediate
phase.
[0015] The concentration of R2 in the intermediate phase may be 1.5 to 10.0 times as high as that in the main phase.
[0016] A concentration of La in the grain boundary phase may be 1.5 to 10.0 times as high as that in the intermediate
phase.
[0017] x may satisfy 0.2≤x≤0.3.
[0018] z may satisfy 0.2≤z≤0.4.
[0019] A thickness of the intermediate phase may be 5 to 50 nm.
[0020] T may be Fe.
[0021] A second aspect of the present invention relates to a method of producing a rare earth magnet. The method
includes preparing a rare earth magnet precursor which has an overall composition represented by
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r, and includes a magnetic phase and a (Ce, La, R1)-rich phase present around the

magnetic phase, where R1 is a rare earth element other than Ce and La, T is at least one selected from among Fe, Ni,
and Co, M1 is at least one selected from among Ti, Ga, Zn, Si, Al, Nb, Zr, Mn, V, W, Ta, Ge, Cu, Cr, Hf, Mo, P, C, Mg,
Hg, Ag, and Au, and first inevitable impurities, and
p, q, r, x and y satisfy
12.0≤p≤20.0,
5.0≤q≤20.0,
0≤r≤3.0,
0.1≤x≤0.5, and
0≤y≤0.1,
preparing a modifier containing an alloy represented by R2

1-zM2
z, where R2 is a rare earth element other than Ce and

La, and M2 is (i) an alloy element for which a melting point of R2
1-zM2

z is lower than a melting point of R2 when it is
alloyed with R2 and (ii) second inevitable impurities, and 0.1≤z≤0.5,
bringing the rare earth magnet precursor and the modifier into contact with each other to obtain a contact body; and
heating the contact body such that a liquid which is the melted modifier is permeated into the magnetic phase of the
rare earth magnet precursor in a heat treatment.
[0022] R2 may be at least one selected from among Nd, Pr, Dy, and Tb, and the M2 may be at least one selected from
among Cu, Al, and Co, and inevitable impurities.
[0023] z may satisfy 0.2≤z≤0.4.
[0024] A permeation amount of the modifier may be 1.0 to 11.0 atom% with respect to the rare earth magnet precursor.
[0025] A temperature in the heat treatment may be 600 to 800°C.
[0026] x may satisfy 0.2≤x≤0.3.
[0027] T may be Fe.
[0028] According to the present disclosure, it is possible to provide a rare earth magnet and a method of producing
the same through which, when Ce and La are included together, even if the coercive force is improved by causing
permeation of a modifier, it is possible to prevent magnetization from being reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Features, advantages, and technical and industrial significance of exemplary embodiments of the invention will
be described below with reference to the accompanying drawings, in which like numerals denote like elements, and
wherein:

FIG. 1 is a diagram schematically showing a structure of a rare earth magnet of the present disclosure;
FIG. 2 is a diagram schematically showing a structure of a rare earth magnet precursor;
FIG. 3 is a graph showing a relationship between x in a rare earth magnet precursor having an overall composition
represented by ((Ce(1-x)Lax)(1-y)R1)pT(100-p-q-r)BqM1

r and magnetization;
FIG. 4 is a diagram showing B-H curves of a sample of Example 1;
FIG. 5 is a diagram showing B-H curves of a sample of a comparative example;
FIG. 6 is a diagram showing a scanning transmission electron microscope image of the sample of the comparative
example;
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FIG. 7 is a diagram showing results obtained by component analysis of a part surrounded by the white line in FIG. 6;
FIG. 8 is a diagram showing a summary of results in FIG. 7;
FIG. 9 is a diagram showing a scanning transmission electron microscope image of the sample of Example 1;
FIG. 10 is a diagram showing a summary of results of component analysis along the white arrow in FIG. 9; and
FIG. 11 is a diagram showing B-H curves of a sample of Example 2.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] A rare earth magnet and a method of producing the same according to embodiments of the present disclosure
will be described below in detail.
[0031] An R-Fe-B rare earth magnet is obtained by liquid quenching of a molten material of an R-Fe-B alloy. Due to
liquid quenching or the like, a magnetic phase represented by R2Fe14B (hereinafter such a phase will be referred to as
an "R2Fe14B phase") is formed. In the residual liquid after the R2Fe14B phase is formed, an R-rich phase is formed by
excess R that did not contribute to formation of the R2Fe14B phase. The R-rich phase is formed around the R2Fe14B phase.
[0032] When a modifier permeates into the R-Fe-B rare earth magnet, an alloy in the modifier mainly contains the
same rare earth element as in the R2Fe14B phase, and the rare earth element in the modifier does not easily permeate
into the R2Fe14B phase. For example, when a modifier containing a Nd-Cu alloy permeates into a Nd-Fe-B rare earth
magnet, Nd in the modifier is likely to remain in the Nd rich phase and does not easily permeate into a Nd2Fe14B phase.
[0033] On the other hand, when an alloy in the modifier mainly contains a rare earth element different from that in the
R2Fe14B phase, the rare earth element in the modifier easily permeates into the R2Fe14B phase. For example, when a
modifier containing a Dy-Cu alloy permeates into a Nd-Fe-B rare earth magnet, Dy in the modifier easily permeates into
the Nd2Fe14B phase.
[0034] The inventors found that, when R in the R2Fe14B phase is mainly Ce and La and the modifier mainly contains
a rare earth element other than Ce and La, the rare earth element of the alloy in the modifier particularly easily permeates
into the R2Fe14B phase.
[0035] The inventors found that, despite permeation of the nonmagnetic modifier in such a case, a reduction in mag-
netization is prevented and the coercive force is improved.
[0036] Based on such findings, a configuration of a rare earth magnet according to the present disclosure will be
described below.

(Overall composition)

[0037] The overall composition of the rare earth magnet of the present disclosure is represented by the formula
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r·(R2

1-zM2
z)s.

[0038] In the formula, R1 and R2 are rare earth elements other than Ce and La. T is at least one selected from among
Fe, Ni, and Co. M1 is at least one selected from among Ti, Ga, Zn, Si, Al, Nb, Zr, Mn, V, W, Ta, Ge, Cu, Cr, Hf, Mo, P,
C, Mg, Hg, Ag, and Au, and inevitable impurities. M2 is an alloy element and inevitable impurities for which a melting
point of R2 is lowered.
[0039] p is a total content of Ce, La, and R1, q is a content of B (boron), r is a content of M1, and s is a total content
of R2 and M2. p, q, r, and s have a value in atom%.
[0040] x indicates proportions of contents of Ce and La. y indicates proportions of a total content of Ce and La and a
content of R1. z indicates proportions of contents of R2 and M2. x, y, and z are a value of a molar ratio.
[0041] As will be described below, the rare earth magnet of the present disclosure is obtained by permeating a modifier
into a rare earth magnet precursor. The rare earth magnet precursor has an overall composition represented by the
formula ((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r. The modifier contains an alloy having a composition represented by

R2
1-zM2

z.
[0042] An amount of an alloy permeating into the rare earth magnet precursor is s atom%, that is, 1.0 to 11.0 atom%.
Here, the overall composition of the rare earth magnet of the present disclosure is a combination of a composition
represented by ((Ce(1-x)Lax)(1-y)R1)pT(100-p-q-r)BqM1

r and a composition represented by (R2
1-zM2

z)s. The combined com-
position is represented by the formula ((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r·(R2

1-zM2
z)s.

[0043] In order for the rare earth magnet precursor to include an appropriate amount of a phase represented by
((Ce(1-x)Lax)(1-y)R1

y)2T(100-p-q-r)14B, the relations 12.0≤p≤20.0 and 5.0≤q≤20.0 should be satisfied. In addition, M1 can
be included in a range in which characteristics of the rare earth magnet of the present disclosure do not deteriorate. M1

may contain inevitable impurities. The inevitable impurities are impurities that are inevitably contained or of which avoiding
inclusion would cause a significant increase in production costs, such as impurities contained in raw materials. When r
is 3.0 or less, characteristics of the rare earth magnet of the present disclosure do not deteriorate. Values of p, q, and
r are the same as those in a general R-Fe-B rare earth magnet.
[0044] T is classified as an iron group element, and Fe, Ni, and Co have a common property that ferromagnetism is
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exhibited at normal temperature and at normal pressure. Thus, they may be interchangeably used. When Co is contained,
magnetization is improved and the Curie point increases. This effect is exhibited when a Co content is 0.1 atom% or
more. In consideration of such an effect, a Co content is preferably 0.1 atom% or more, more preferably 1 atom% or
more, and most preferably 3 atom% or more. On the other hand, since Co is expensive and Fe is the cheapest, eco-
nomically, there is preferably 80 atom% or more, and more preferably 90 atom% or more of Fe with respect to all T, and
all T may be Fe.

(Main phase, grain boundary phase, and intermediate phase)

[0045] Next, a structure of a rare earth magnet of the present disclosure having an overall composition represented
by the above formula will be described. FIG. 1 is a diagram schematically showing a structure of the rare earth magnet
of the present disclosure. A rare earth magnet 100 includes a main phase 10, a grain boundary phase 20, and an
intermediate phase 30.
[0046] In order to ensure a coercive force, the average particle size of the main phase 10 is preferably as small as
possible, and is preferably 1000 nm or less and more preferably 500 nm or less. On the other hand, in practice, the
average particle size of the main phase 10 may be 1 nm or more, 50 nm or more, or 100 nm or more.
[0047] Here, the "average particle size" is, for example, an average value of lengths (t) of the main phases 10 shown
in FIG. 1 in the longitudinal direction. For example, in a scanning electron microscope image or a transmission electron
microscope image of the rare earth magnet 100, a certain area is defined, an average value of lengths (t) of the main
phases 10 present in the certain area is calculated, and this is used as an "average particle size." When the cross-
sectional shape of the main phase 10 is elliptical, a length of the major axis is set as t. When the cross section of the
main phase is rectangular, a length of a longer diagonal line is set as t.
[0048] The rare earth magnet 100 may contain phases (not shown) other than the main phase 10, the grain boundary
phase 20, and the intermediate phase 30. As phases other than the main phase 10, the grain boundary phase 20, and
the intermediate phase 30, oxides, nitrides, intermetallic compounds, and the like may be exemplified.
[0049] The characteristics of the rare earth magnet 100 exhibited are mainly due to the main phase 10, the grain
boundary phase 20, and the intermediate phase 30. Most of the phases other than the main phase 10, the grain boundary
phase 20, and the intermediate phase 30 are impurities. Thus, a total content of the main phase 10, the grain boundary
phase 20, and the intermediate phase 30 with respect to the rare earth magnet 100 is preferably 95 volume% or more,
more preferably 97 volume% or more, and most preferably 99 volume% or more.
[0050] The rare earth magnet precursor has a composition represented by the formula
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r. FIG. 2 is a diagram schematically showing a structure of a rare earth magnet

precursor. A rare earth magnet precursor 200 has a magnetic phase 50 (hereinafter referred to as "magnetic phase 50"
in some cases) represented by ((Ce(1-x)Lax)(1-y)R1

y)2T14B. The magnetic phase 50 is a granular crystal phase. A (Ce,
La, R1)-rich phase 60 is present around the magnetic phase 50. The (Ce, La, R1)-rich phase 60 is formed of elements
that did not contribute to formation of the magnetic phase 50, and concentrations of Ce, La, and R1 therein are high.
[0051] When the modifier permeates into the rare earth magnet precursor 200, the modifier passes through the (Ce,
La, R1)-rich phase 60 and reaches an interface between the (Ce, La, R1)-rich phase 60 and the magnetic phase 50.
Then, some of R2 in the modifier permeates from the (Ce, La, R1)-rich phase 60 into the magnetic phase 50, and Ce
and La move from the magnetic phase 50 into the (Ce, La, R1)-rich phase 60. As a result, the main phase 10, the grain
boundary phase 20, and the intermediate phase 30 are formed in the rare earth magnet 100.
[0052] The grain boundary phase 20 is present around the main phase 10. The intermediate phase 30 is interposed
between the main phase 10 and the grain boundary phase 20. Thus, a total concentration of Ce and La is higher in the
main phase 10 than in the intermediate phase 30. In addition, a concentration of R2 is higher in the intermediate phase
30 than in the main phase 10.
[0053] Since Ce and La are light rare earth elements, when Ce and La in the magnetic phase are replaced with a rare
earth element R2 other than Ce and La, it is possible to increase an anisotropic magnetic field. Since a concentration
of R2 is higher in the intermediate phase 30 than in the main phase 10, the anisotropic magnetic field is larger in the
intermediate phase 30 (a peripheral part of the magnetic phase) than in the main phase 10 (a center part of the magnetic
phase). Thus, the main phases 10 which are magnetic phases are magnetically separated more strongly by the inter-
mediate phase 30 being additional to the grain boundary phase 20. Accordingly, the coercive force is improved. Here,
the anisotropic magnetic field is a physical property value that represents a magnitude of a coercive force of a permanent
magnet.
[0054] When R2 is at least one selected from among Nd, Pr, Dy, and Tb, the coercive force is further improved. This
is because Nd, Pr, Dy, and Tb can increase the anisotropic magnetic field more than other rare earth elements.
[0055] When the intermediate phase 30 is excessively thin, the anisotropic magnetic field is lower and the coercive
force decreases. In consideration of such an effect, the thickness of the intermediate phase 30 is preferably 2 nm or
more, more preferably 10 nm or more, and most preferably 20 nm or more. Here, the sensitivity of the thickness of the
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intermediate phase 30 with respect to the magnetization depends on R2. When a saturation magnetization (a physical
property value that represents a magnitude of magnetization of a permanent magnet) of R2 is larger than that of La
and/or Ce (Nd and/or Pr), the intermediate phase 30 is excessively thin, and magnetization is lowered. In consideration
of such an effect, the thickness of the intermediate phase 30 is preferably 2 nm or more, more preferably 10 nm or more,
and most preferably 20 nm or more. On the other hand, when the saturation magnetization of R2 is lower than that of
La and/or Ce (Dy and/or Tb), the intermediate phase 30 is excessively thin and magnetization is lowered. In consideration
of such an effect, the thickness of the intermediate phase 30 is preferably 50 nm or less, more preferably 40 nm or less,
and most preferably 30 nm or less.
[0056] When a concentration of R2 (a peripheral part of the magnetic phase) in the intermediate phase 30 is 1.5 times
as high as that in the main phase 10 (a center part of the magnetic phase) or more, magnetic separation can be more
clearly recognized. On the other hand, when a concentration of R2 in the intermediate phase 30 (a peripheral part of the
magnetic phase) is 10.0 times as high as that in the main phase 10 (a center part of the magnetic phase), an effect of
magnetic separation is not maximized. Thus, a concentration of R2 in the intermediate phase 30 is preferably 1.5 to 10.0
times as high as that in the main phase 10, more preferably 1.5 to 5.0 times, and most preferably 1.5 to 3.0 times.
[0057] In addition, when the intermediate phase is formed, in order for more R2 to permeate into the intermediate
phase 30, it is preferable that more Ce and La be moved from the intermediate phase 30 to the grain boundary phase
20. Since it takes time for R2 to reach the main phase 10, when more Ce and La move from the intermediate phase 30
to the grain boundary phase 20, a total concentration of Ce and La is higher in the main phase 10 than in the intermediate
phase 30. When a total concentration of Ce and La in the main phase 10 is 1.5 times as high as that in the intermediate
phase 30 or more, it is possible to recognize permeation of more R2 more clearly. On the other hand, when a total
concentration of Ce and La in the main phase 10 is 10.0 times as high as that in the intermediate phase 30, permeation
of R2 is not maximized (saturated). Thus, a total concentration of Ce and La in the main phase 10 is preferably 1.5 to
10.0 times as high as that in the intermediate phase 30, more preferably 1.5 to 5.0 times, and most preferably 1.5 to 3.0
times.
[0058] When Ce and La are included together in the magnetic phase 50, mutual movement of Ce and La with respect
to R2 at an interface between the (Ce, La, R1)-rich phase 60 and the magnetic phase 50 occurs more easily than when
Ce is included without La. Thus, when Ce and La are included together in the magnetic phase 50, much Ce and La
move from the magnetic phase 50 to the (Ce, La, R1)-rich phase 60, and much R2 moves from the (Ce, La, R1)-rich
phase 60 to the magnetic phase 50. As a result, the main phase 10 and the intermediate phase 30 are formed, a total
concentration of Ce and La is higher in the main phase 10 than in the intermediate phase 30, and a concentration of R2

is higher in the intermediate phase 30 than in the main phase 10. In the following description, when Ce and La are
included together in the magnetic phase 50, if mutual movement of Ce and La with respect to R2 at an interface between
the (Ce, La, R1)-rich phase 60 and the magnetic phase 50 occurs, this is referred to as "mutual movement of Ce and
La with respect to R2 at an interface."
[0059] When an amount of rare earth elements R1 other than Ce and La is smaller in the magnetic phase 50, mutual
movement of Ce and La with respect to R2 at an interface easily occurs.
[0060] In the above formula, y is an allowable amount of rare earth elements R1 other than Ce and La in the magnetic
phase 50. y is preferably as small as possible, and is ideally 0. However, in order to avoid an excessive increase in
production costs of a raw material, a lower limit of y may be 0.03. On the other hand, when y is 0.1 or less, even if mutual
movement of Ce and La with respect to R2 is obstructed, there is substantially no problem. In consideration of such an
effect, y is preferably 0.05 or less.
[0061] Ce and La are included together according to a formulation ratio represented by Ce(1-x)Lax. When x is 0.1 or
more, an effect of facilitating mutual movement of Ce and La with respect to R2 at an interface is exhibited. This effect
is maximized when x is between 0.1 and 0.3. When x is 0.5 or less, an effect stronger than when the effect is exhibited
can be obtained. Accordingly, x is preferably 0.2 or more. In addition, x is preferably 0.4 or less and more preferably 0.3
or less.
[0062] FIG. 3 is a graph showing a relationship between x in the rare earth magnet precursor 200 having an overall
composition represented by ((Ce(1-x)Lax)(1-y)R1)pT(100-p-q-r)BqM1

r and magnetization. As can be understood from FIG.
3, when x is in the above range, magnetization is improved in the rare earth magnet precursor 200 before permeation
of the modifier. This is favorable because a reduction in magnetization is prevented even if the coercive force is improved
by causing permeation of a modifier.
[0063] While not being bound by this theory, when Ce and La are included together, the following is further assumed.
The magnetization and the coercive force of the main phase 10 and the intermediate phase 30, and replacement of Ce
and La with R2 will be described separately.
[0064] First, the magnetization and the coercive force of the main phase 10 and the intermediate phase 30 will be
described. Many Ce atoms are tetravalent in a magnetic phase represented by Ce2Fe14B. In tetravalent Ce, 4f electrons
are not localized. Since 4f electrons contribute to improvement of magnetization, but 4f electrons are not localized in
tetravalent Ce, the magnetization is thus thought to be lowered. Here, when La is added to the magnetic phase to prepare
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a magnetic phase represented by (Ce, Nd)2Fe14B, the valency of many Ce becomes trivalent. Since 4f electrons are
localized in trivalent Ce, magnetization is improved. That is, when Ce and La are included together, magnetization of
the main phase 10 and the intermediate phase 30 is improved. In addition, when the modifier permeates, Ce and La in
the intermediate phase 30 are replaced with R2, and the intermediate phase 30 has a larger anisotropic magnetic field
than the main phase 10. Thus, adjacent main phases 10 are magnetically separated, and thus the coercive force is
improved.
[0065] Next, replacement of Ce and La with R2 will be described. A lattice stabilization energy of La2Fe14B is lower
than a lattice stabilization energy of Ce2Fe14B. Thus, a lattice stabilization energy of (Ce, La)2Fe14B is lower than a
lattice stabilization energy of Ce2Fe14B. Accordingly, when Ce and La are included together, compared to when Ce is
included without La, mutual movement of Ce and La with respect to R2 at the above interface occurs more easily, and
R2 can easily be replaced with La and/or Ce in La2Fe14B and/or Ce2Fe14B. Since mutual movement of Ce and La with
respect to R2 occurs easily, a concentration of R2 is thought to be higher in the intermediate phase 30 than in the main
phase 10. In addition, when Nd (R2) is replaced with La and/or Ce, it is possible to prevent magnetization from being
reduced. Further, in the relationship between the grain boundary phase 20 and the intermediate phase 30, since the
lattice stabilization energy of La2Fe14B is lower than the lattice stabilization energy of Ce2Fe14B, any La2Fe14B is hardly
included in the intermediate phase 30 and La is easily moved to the grain boundary phase 20. Thus, a concentration of
La is higher in the grain boundary phase 20 than in the intermediate phase 30. As a result, because Nd (R2) is replaced
with La2Fe14B, it is possible to prevent magnetization from being reduced. In addition, a concentration of Nd (R2) in the
intermediate phase 30 increases, and the anisotropic magnetic field is larger, thereby contributing to improvement in
the coercive force.
[0066] A concentration of La in the grain boundary phase 20 may be 1.5 times or more, 3.0 times or more, or 4.5 times
or more, or 10.0 times or less, 8.5 times or less, or 7.0 times or less as high as that in the intermediate phase 30.
[0067] Accordingly, in the rare earth magnet of the present disclosure, even if the coercive force is improved by causing
permeation of a modifier, it is possible to prevent magnetization from being reduced.

(Production method)

[0068] Next, a method of producing a rare earth magnet of the present disclosure will be described.

(Preparation of rare earth magnet precursor)

[0069] The rare earth magnet precursor 200 having an overall composition represented by the formula
((Ce(1-x)Lax)(1-y)R1)pT(100-p-q-r)BqM1

r is prepared. R1, T, M1, and p, q, r, x, and y are the same as those described above.
[0070] The rare earth magnet precursor 200 may be a magnetic powder or a magnetic powder sintered material, and
may be a plastically deformed component obtained by performing high temperature deformation on a sintered material.
[0071] As a method of producing a magnetic powder, known methods can be used. For example, a method of obtaining
an isotropic magnetic powder having a nanocrystalline structure using a liquid quenching method may be exemplified.
Alternatively, there is a method of obtaining an isotropic or anisotropic magnetic powder using a hydrogen dispropor-
tionation desorption recombination (HDDR) technique.
[0072] A method of obtaining a magnetic powder using the liquid quenching method will be generally described. An
alloy having the same composition as the overall composition of the rare earth magnet precursor 200 is melted at a high
frequency to prepare a molten material. For example, in an Ar gas atmosphere in which a pressure is reduced to 50 kPa
or less, a molten material may be discharged to a copper single roller to prepare a quenched strip. The quenched strip
may be pulverized to, for example, 10 mm or less.
[0073] Next, a method of obtaining a sintered material will be generally described. A magnetic powder obtained by
pulverization is oriented in a magnetic field and is subjected to liquid phase sintering to obtain an anisotropic sintered
material. Alternatively, a magnetic powder having an isotropic nanocrystalline structure obtained using a liquid quenching
method may be sintered to obtain an isotropic sintered material. Alternatively, a magnetic powder having an isotropic
nanocrystalline structure may be sintered and additionally a sintered material may be strongly deformed to obtain a
plastically deformed component having anisotropy. Alternatively, an isotropic or anisotropic magnetic powder obtained
using an HDDR technique may be sintered to obtain an isotropic or anisotropic sintered material.

(Preparation of modifier)

[0074] A modifier containing an alloy having a composition represented by R2
1-zM2

z is prepared. R2 is a rare earth
element other than Ce and La. M2 is an alloy element and inevitable impurities for which a melting point of R2

1-zM2
z is

lower than a melting point of R2 when it is alloyed with R2. Proportions of R2 and M2 are such that 0.1≤z≤0.5.
[0075] The magnetic phase 50 of the rare earth magnet precursor 200 mainly contains Ce and La, and R2 is a rare
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earth element other than Ce and La. Therefore, in a heat treatment to be described below, R2 in a liquid in which the
modifier is melted permeates easily into the magnetic phase 50 of the rare earth magnet precursor 200. As a result, the
main phase 10 and the intermediate phase 30 which contain R2 are obtained.
[0076] When R2 is at least one selected from among Nd, Pr, Dy, and Tb, the coercive force is further improved. This
is because Nd, Pr, Dy, and Tb can increase the anisotropic magnetic field more than other rare earth elements. Accord-
ingly, R2 is preferably at least one selected from among Nd, Pr, Dy, and Tb.
[0077] Since M2 is an alloy element and inevitable impurities for which a melting point of R2

1-zM2
z is lower than a

melting point of R2 when M2 is alloyed with R2, it is possible to melt an alloy in the modifier without excessively increasing
a temperature in the heat treatment to be described below. As a result, the modifier can permeate into the rare earth
magnet precursor 200 without coarsening a structure of the rare earth magnet precursor 200. M2 may contain inevitable
impurities. The inevitable impurities are impurities that are inevitably contained or of which avoiding inclusion would
cause a significant increase in production costs, such as impurities contained in raw materials.
[0078] M2 is preferably at least one selected from among Cu, Al, and Co, and inevitable impurities. This is because
Cu, Al, and Co have little adverse effect on magnetic characteristics and the like of the rare earth magnet.
[0079] As alloys of R2 and M2, Nd-Cu alloys, Pr-Cu alloys, Tb-Cu alloys, Dy-Cu alloys, La-Cu alloys, Ce-Cu alloys,
Nd-Pr-Cu alloys, Nd-Al alloys, Pr-Al alloys, Nd-Pr-Al alloys, Nd-Co alloys, Pr-Co alloys, Nd-Pr-Co alloys, and the like
may be exemplified.
[0080] Proportions of R2 and M2 will be described. When z is 0.1 or more, since a melting point of the alloy in the
modifier is appropriately lowered, a temperature in the heat treatment to be described below is appropriate. As a result,
it is possible to prevent coarsening of the structure of the rare earth magnet precursor 200. In consideration of optimization
of the melting point of the alloy, z is preferably 0.2 or more and more preferably 0.25 or more. On the other hand, when
z is 0.5 or less, since a content of R2 in the alloy is large, R2 easily permeates into the main phase 10 and the intermediate
phase 30. In consideration of such an effect, z is preferably 0.4 or less and more preferably 0.35 or less. When R2 is
two or more elements, a sum thereof applies. This similarly applies to M2.
[0081] A method of producing a modifier is not particularly limited. As a method of producing a modifier, a casting
method, a liquid quenching method, and the like may be exemplified. The liquid quenching method is preferable because
variation of alloy components according to a part of the modifier is small and an amount of impurities such as oxides is
small.

(Preparation of contact body)

[0082] The rare earth magnet precursor 200 and the modifier are brought into contact with each other to obtain a
contact body. When both the rare earth magnet precursor 200 and the modifier are a bulk body, at least one surface of
the rare earth magnet precursor 200 and at least one surface of the modifier are brought into contact with each other.
A bulk body includes an agglomerate, a plate material, a strip, pressurized powder, a sintered material, and the like. For
example, when both the rare earth magnet precursor 200 and the modifier are a strip, one surface of the rare earth
magnet precursor 200 and one surface of the strip may be brought into contact with each other, the rare earth magnet
precursor 200 may be interposed between the modifiers, and the modifier may be brought into contact with both surfaces
of the rare earth magnet precursor.
[0083] When the rare earth magnet precursor 200 is a bulk body and the modifier is a powder, the powder of the
modifier may be brought into contact with at least one surface of the rare earth magnet precursor 200. Typically, the
powder of the modifier may be provided on the upper surface of the rare earth magnet precursor 200.
[0084] When both the rare earth magnet precursor 200 and the modifier are powders, the respective powders may
be mixed with each other.

(Heat treatment)

[0085] The above contact body is heated and a liquid in which the modifier is melted permeates into the rare earth
magnet precursor 200. Thus, a liquid in which the modifier is melted reaches the magnetic phase 50 of the rare earth
magnet precursor 200 through the (Ce, La, R1)-rich phase 60 of the rare earth magnet precursor 200 and forms the
main phase 10 and the intermediate phase 30 of the rare earth magnet 100.
[0086] A permeation amount of the modifier is preferably 1.0 to 11.0 atom% with respect to the rare earth magnet
precursor 200. If even a small amount of the modifier permeates into the rare earth magnet precursor 200, the rare earth
magnet 100 of the present disclosure is obtained. When a permeation amount of the modifier is 1.0 atom% or more, the
effects of the rare earth magnet 100 of the present disclosure can be clearly recognized. In consideration of such an
effect, a permeation amount of the modifier is preferably 2.6 atom% or more, more preferably 4.0 atom% or more, and
most preferably 5.0 atom% or more. On the other hand, when a permeation amount of the modifier is 11.0 atom% or
less, the effect of permeation of the modifier is not maximized. In consideration of such an effect, a permeation amount
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of the modifier is preferably 8.0 atom% or less and more preferably 7.5 atom% or less.
[0087] A temperature in the heat treatment is not particularly limited as long as the modifier is melted and a liquid in
which the modifier is melted can permeate into the magnetic phase 50 of the rare earth magnet precursor 200.
[0088] When a temperature in the heat treatment is higher, a liquid in which the modifier is melted, and particularly,
R2, may easily permeate into the magnetic phase 50 of the rare earth magnet precursor 200. In consideration of such
an effect, a temperature in the heat treatment is preferably 600°C or more, more preferably 625°C or more, and most
preferably 675°C or more. On the other hand, when a temperature in the heat treatment is lower, coarsening of the
structure of the rare earth magnet precursor 200, and particularly, the magnetic phase 50, is easily prevented. In con-
sideration of such an effect, a temperature in the heat treatment is preferably 800°C or less, more preferably 775°C or
less, and most preferably 725°C or less.
[0089] A heat treatment atmosphere is not particularly limited. However, in order to prevent oxidation of the rare earth
magnet precursor 200 and the modifier, an inert gas atmosphere is preferable. The inert gas atmosphere includes a
nitrogen gas atmosphere.
[0090] The rare earth magnet of the present disclosure and the method of producing the same will be described below
in further detail with reference to examples. Here, the rare earth magnet of the present disclosure and the method of
producing the same are not limited to conditions used in the following examples.

(Preparation of sample of Example 1)

[0091] First, the rare earth magnet precursor 200 was prepared. A molten material of an alloy having a composition
represented by (Ce0.75La0.25)12.47Fe81.23Cu0.20B5.73Ga0.37 was liquid-quenched by a single roller method to obtain a
strip. As liquid quenching conditions, a molten material temperature (discharge temperature) was 1450°C and a roller
peripheral speed was 30 m/s. The liquid quenching was performed under an argon gas reduced pressure atmosphere.
It was confirmed that the strip had nanocrystals according to observation under a transmission electron microscope (TEM).
[0092] The strip was roughly pulverized into powder, and the powder was inserted into a die and pressurized and
heated to obtain a sintered material. As pressurizing and heating conditions, an applied pressure was 400 MPa, a heating
temperature was 650°C, and a pressurizing and heating holding time was 60 seconds.
[0093] The sintered material was subjected to thermal upsetting processing (high temperature deformation) to obtain
the rare earth magnet precursor 200 (plastically deformed component). As thermally upsetting processing conditions,
a processing temperature was 750°C, and a strain rate was 0.1 to 10.0/s. It was confirmed that oriented nanocrystals
were included in the plastically deformed component under a scanning electron microscope (SEM).
[0094] As the modifier, a Nd70Cu30 alloy was prepared. Nd powder and Cu powder (commercially available from
Kojundo Chemical lab. Co., Ltd.) were weighed out, arc-melted, and liquid-quenched to obtain a strip.
[0095] The rare earth magnet precursor 200 (plastically deformed component) and the modifier (strip) were brought
into contact with each other, and heated in a heating furnace. An amount of the modifier was 5.3 atom% (10 mass%)
with respect to the rare earth magnet precursor 200. As the heating furnace, a lamp furnace (commercially available
from ULVAC, Inc.) was used. As heat treatment conditions, a temperature in the heat treatment was 700°C, and a heat
treatment time was 360 minutes.

(Preparation of sample of Example 2)

[0096] A sample of Example 2 was prepared in the same manner as in Example 1 except that an alloy for preparing
the rare earth magnet precursor 200 had a composition of (Ce0.50La0.50)12.47Fe81.23Cu0.20B5.73Ga0.37.

(Preparation of sample of comparative example)

[0097] A sample of a comparative example was prepared in the same manner as in Example 1 except that an alloy
for preparing the rare earth magnet precursor 200 had a composition of Ce12.47Fe81.23Cu0.20B5.73Ga0.37.

(Preparation of sample of reference example)

[0098] A sample of a reference example was prepared in the same manner as in Example 1 except that an alloy for
preparing the rare earth magnet precursor 200 had a composition of Nd13.86Fe79.91Cu0.20B5.66Ga0.37.

(Evaluation)

[0099] The coercive force and magnetization of the samples of Examples 1 to 2, the comparative example, and the
reference example were measured. Measurements were performed at normal temperature using a vibrating sample
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magnetometer (VSM) (commercially available from LakeShore).
[0100] Structures of the samples of Example 1 and the comparative example were observed under a scanning trans-
mission electron microscope (STEM), and component analysis (EDX line analysis) was performed.
[0101] Evaluation results are shown in Table 1 and FIGS. 4 to 11. FIG. 4 is a diagram showing B-H curves (magnetic
hysteresis curves) of the sample of Example 1. FIG. 5 is a diagram showing B-H curves (magnetic hysteresis curves)
of the sample of the comparative example. FIG. 6 is a diagram showing a scanning transmission electron microscope
(STEM) image of the sample of the comparative example. FIG. 7 is a diagram showing results obtained by component
analysis (EDX line analysis) of a part surrounded by the white line in FIG. 6. In FIG. 7, the white straight line indicates
a part on which EDX line analysis was performed. FIG. 8 is a diagram showing a summary of results in FIG. 7. FIG. 9
is a diagram showing a scanning transmission electron microscope (STEM) image of the sample of Example 1. FIG. 10
is a diagram showing a summary of results of EDX line analysis along the white arrow in FIG. 9. FIG. 11 is a diagram
showing B-H curves (magnetic hysteresis curve) of the sample of Example 2.

[0102] As can be understood from Table 1, it was confirmed that, in the samples of Examples 1 to 2, even if the
coercive force was improved by causing permeation of a modifier, it was possible to prevent magnetization from being
reduced.
[0103] As can be understood from FIGS. 6 to 8 regarding the comparative example, even if a rare earth element in
the rare earth magnet was only Ce, a total concentration of Ce and La was higher in the main phase 10 than in the
intermediate phase 30, and a concentration of Nd (R2) was higher in the intermediate phase 30 than in the main phase 10.
[0104] On the other hand, the lattice stabilization energy of La2Fe14B was lower than the lattice stabilization energy
of Ce2Fe14B. Thus, in the sample of Example 1, when Ce and La were included together, mutual movement of Ce and
La with respect to R2 easily occurred, and it is thought that Nd (R2) was replaced with La and/or Ce in La2Fe14B and/or
Ce2Fe14B. That is, when La was included, since mutual movement of Ce and La with respect to R2 easily occurred, a
concentration of Nd (R2) was thought to be higher in the intermediate phase 30 than in the main phase 10. In addition,
prevention of a reduction in magnetization that was confirmed in Table 1 was thought to be caused by replacement of
Nd (R2) with La and/or Ce.
[0105] When Ce and La were included together in the rare earth magnet 100, concentrations of Ce, La, and Nd (R2)
in the main phase 10, the grain boundary phase 20, and the intermediate phase were confirmed as follows in FIG. 10.
That is, a total concentration of Ce and La was higher in the main phase 10 than in the intermediate phase 30. In addition,
a concentration of R2 was higher in the intermediate phase 30 than in the main phase 10. Further, a concentration of
La was higher in the grain boundary phase 20 than in the intermediate phase 30. Thus, a concentration of La in the
grain boundary phase 20 was 1.5 to 10.0 times as high as that in the intermediate phase 30. This is because, since the
lattice stabilization energy of La2Fe14B was lower than the lattice stabilization energy of Ce2Fe14B, any La2Fe14B was
thought to be hardly included in the main phase 10 and the intermediate phase 30, and La moved to the grain boundary
phase 20.
[0106] Based on the above results, the effects of the present invention were confirmed.

Claims

1. A rare earth magnet comprising:

[Table 1]

Before permeation After permeation

Coercive force 
kA/m(kOe)

Magnetization 
Am2/kg (emu/g)

Coercive force 
kA/m(kOe)

Magnetization 
Am2/kg(emu/g)

Magnetization 
reduction rate 

(%)

Example 1 32 (0.40) 121.66 406 (5.10) 116.09 4.58

Example 2 33 (0.41) 130.66 192 (2.41) 122.36 6.35

Comparative 
Example

62 (0.78) 117.93 402 (5.05) 108.54 7.96

Reference 
Example

88 (11.10) 149.96 1170 (14.70) 136.32 9.09
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a main phase (10);
a grain boundary phase (20) present around the main phase (10); and
an intermediate phase (30) interposed between the main phase (10) and the grain boundary phase (20),
wherein the rare earth magnet has an overall composition represented by
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r·(R2

1-zM2
z)s, where R1 and R2 are rare earth elements other than Ce and

La, T is at least one selected from among Fe, Ni, and Co, M1 is at least one selected from among Ti, Ga, Zn,
Si, Al, Nb, Zr, Mn, V, W, Ta, Ge, Cu, Cr, Hf, Mo, P, C, Mg, Hg, Ag, and Au, and first inevitable impurities, M2 is
(i) an alloy element for which a melting point of R2

1-zM2
z is lower than a melting point of R2 when M2 is alloyed

with R2 and (ii) second inevitable impurities, and p, q, r, s, x, y, and z satisfy
12.0≤p≤20.0,
5.0≤q≤20.0,
0≤r≤3.0,
1.0≤s≤11.0,
0.1≤x≤0.5,
0≤y≤0.1, and
0.1≤z≤0.5,
wherein a total concentration of Ce and La is higher in the main phase (10) than in the intermediate phase (30), and
wherein a concentration of R2 is higher in the intermediate phase (30) than in the main phase (10), and a
concentration of La is higher in the grain boundary phase (20) than in the intermediate phase (30).

2. The rare earth magnet according to claim 1, wherein
R2 is at least one selected from among Nd, Pr, Dy, and Tb.

3. The rare earth magnet according to of claims 1 or 2 , wherein
the total concentration of Ce and La in the main phase (10) is 1.5 to 10.0 times as high as that in the intermediate
phase (30).

4. The rare earth magnet according to any one of claims 1 to 3, wherein
the concentration of R2 in the intermediate phase (30) is 1.5 to 10.0 times as high as that in the main phase (10).

5. The rare earth magnet according to any one of claims 1 to 4, wherein
a concentration of La in the grain boundary phase (20) is 1.5 to 10.0 times as high as that in the intermediate phase
(30).

6. The rare earth magnet according to any one of claims 1 to 5, wherein
z satisfies 0.2≤z≤0.4.

7. The rare earth magnet according to any one of claims 1 to 6, wherein
a thickness of the intermediate phase (30) is 5 to 50 nm.

8. A method of producing a rare earth magnet comprising:

preparing a rare earth magnet precursor which has an overall composition represented by
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r, where R1 is a rare earth element other than Ce and La, T is at least one

selected from among Fe, Ni, and Co, M1 is at least one selected from among Ti, Ga, Zn, Si, Al, Nb, Zr, Mn, V,
W, Ta, Ge, Cu, Cr, Hf, Mo, P, C, Mg, Hg, Ag, and Au, and first inevitable impurities, p, q, r, x and y satisfy
12.0≤p≤20.0,
5.0≤q≤20.0,
0≤r≤3.0,
0.1≤x≤0.5, and
0≤y≤0.1,
and which includes a magnetic phase and a (Ce, La, R1)-rich phase present around the magnetic phase;
preparing a modifier containing an alloy represented by R2

1-zM2
z, where R2 is the rare earth element other than

Ce and La, M2 is (i) an alloy element for which a melting point of R2
1-zM2

z is lower than a melting point of R2

when it is alloyed with R2 and (ii) second inevitable impurities, and 0.1≤z≤0.5;
bringing the rare earth magnet precursor and the modifier into contact with each other to obtain a contact body;
and
heating the contact body such that a liquid which is the melted modifier is permeated into the magnetic phase
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of the rare earth magnet precursor in a heat treatment.

9. The method of producing a rare earth magnet according to claim 8, wherein
R2 is at least one selected from among Nd, Pr, Dy, and Tb; and
M2 is at least one selected from among Cu, Al, and Co, and inevitable impurities.

10. The method of producing a rare earth magnet according to claim 8 or 9, wherein
z satisfies 0.2≤z≤0.4.

11. The method of producing a rare earth magnet according to any one of claims 8 to 10, wherein
a permeation amount of the modifier is 1.0 to 11.0 atom% with respect to the rare earth magnet precursor.

12. The method of producing a rare earth magnet according to any one of claims 8 to 11, wherein
a temperature in the heat treatment is 600 to 800°C.

13. The rare earth magnet according to any one of claims 1 to 7 or the method of producing a rare earth magnet according
to any one of claims 8 to 12, wherein
x satisfies 0.2≤x≤0.3.

14. The rare earth magnet according to any one of claims 1 to 7 or 13 or the method of producing a rare earth magnet
according to any one of claims 8 to 13, wherein
T is Fe.

Patentansprüche

1. Seltenerdmagnet, umfassend:

eine Hauptphase (10);
eine Korngrenzenphase (20), die um die Hauptphase (10) vorhanden ist; und
eine Zwischenphase (30), die zwischen der Hauptphase (10) und der Korngrenzenphase (20) angeordnet ist,
wobei der Seltenerdmagnet eine Gesamtzusammensetzung hat, dargestellt durch
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r·(R2

1-zM2
z)s, wobei R1 und R2 Seltenerdelemente außer Ce und La sind,

T mindestens eines ist, ausgewählt aus Fe, Ni und Co, M1 mindestens eines ist, ausgewählt aus Ti, Ga, Zn,
Si, Al, Nb, Zr, Mn, V, W, Ta, Ge, Cu, Cr, Hf, Mo, P, C, Mg, Hg, Ag und Au und ersten unvermeidbaren Verun-
reinigungen, M2 (i) ein Legierungselement ist, für das ein Schmelzpunkt von R2

1-zM2
z niedriger als ein Schmelz-

punkt von R2 ist, wenn M2 mit R2 legiert ist, und (ii) zweite unvermeidbare Verunreinigungen ist, und p, q, r, s,
x, y und z Folgendes erfüllen
12,0 ≤ p ≤ 20,0,
5,0 ≤ q ≤ 20,0,
0 ≤ r ≤ 3,0,
1,0 ≤ s ≤ 11,0,
0,1 ≤ x ≤ 0,5,
0 ≤ y ≤ 0,1 und
0,1 ≤ z ≤ 0,5,
wobei eine Gesamtkonzentration von Ce und La in der Hauptphase (10) höher ist als in der Zwischenphase
(30) und
wobei eine Konzentration von R2 in der Zwischenphase (30) höher ist als in der Hauptphase (10) und eine
Konzentration von La in der Korngrenzenphase (20) höher ist als in der Zwischenphase (30).

2. Seltenerdmagnet nach Anspruch 1, wobei
R2 mindestens eines ist, ausgewählt aus Nd, Pr, Dy und Tb.

3. Seltenerdmagnet nach Ansprüchen 1 oder 2, wobei
die Gesamtkonzentration von Ce und La in der Hauptphase (10) 1,5- bis 10,0-mal so hoch wie die in der Zwischen-
phase (30) ist.

4. Seltenerdmagnet nach einem der Ansprüche 1 bis 3, wobei



EP 3 355 320 B1

13

5

10

15

20

25

30

35

40

45

50

55

die Konzentration von R2 in der Zwischenphase (30) 1,5- bis 10,0-mal so hoch wie die in der Hauptphase (10) ist.

5. Seltenerdmagnet nach einem der Ansprüche 1 bis 4, wobei
eine Konzentration von La in der Korngrenzenphase (20) 1,5- bis 10,0-mal so hoch wie die in der Zwischenphase
(30) ist.

6. Seltenerdmagnet nach einem der Ansprüche 1 bis 5, wobei
z 0,2 ≤ z ≤ 0,4 erfüllt.

7. Seltenerdmagnet nach einem der Ansprüche 1 bis 6, wobei
eine Dicke der Zwischenphase (30) 5 bis 50 nm ist.

8. Verfahren des Herstellens eines Seltenerdmagneten, umfassend:

Herstellen eines Seltenerdmagnetvorläufers, der eine Gesamtzusammensetzung hat, dargestellt durch
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1
r wobei R1 ein Seltenerdelement außer Ce und La ist, T mindestens eines

ist, ausgewählt aus Fe, Ni und Co, M1 mindestens eines ist, ausgewählt aus Ti, Ga, Zn, Si, Al, Nb, Zr, Mn, V,
W, Ta, Ge, Cu, Cr, Hf, Mo, P, C, Mg, Hg, Ag und Au und ersten unvermeidbaren Verunreinigungen, p, q, r, x
und y Folgendes erfüllen
12,0 ≤ p ≤ 20,0,
5,0 ≤ q ≤ 20,0,
0 ≤ r ≤ 3,0,
0,1 ≤ x ≤ 0,5 und
0 ≤ y≤ 0,1,
und der eine magnetische Phase und eine (Ce, La, R1)-reiche Phase beinhaltet, die um die magnetische Phase
vorhanden ist;
Herstellen eines Modifikators, der eine Legierung enthält, die durch R2

1-zM2
z dargestellt ist, wobei R2 ein Sel-

tenerdelement außer Ce und La ist, M2 (i) ein Legierungselement ist, für das ein Schmelzpunkt von R2
1-zM2

z
niedriger als ein Schmelzpunkt von R2 ist, wenn es mit R2 legiert ist, und (ii) zweite unvermeidbare Verunrei-
nigungen ist, und 0,1 ≤ z ≤ 0,5;
Bringen des Seltenerdmagnetvorläufers und des Modifikators in Kontakt miteinander, um einen Kontaktkörper
zu erhalten; und
Erwärmen des Kontaktkörpers, sodass eine Flüssigkeit, die der geschmolzene Modifikator ist, in die magnetische
Phase des Seltenerdmagnetvorläufers in der Wärmebehandlung durchdrungen ist.

9. Verfahren des Herstellens eines Seltenerdmagneten nach Anspruch 8, wobei
R2 mindestens eines ist, ausgewählt aus Nd, Pr, Dy und Tb; und
M2 mindestens eines ist, ausgewählt aus Cu, Al und Co und unvermeidbaren Verunreinigungen.

10. Verfahren des Herstellens eines Seltenerdmagneten nach Anspruch 8 oder 9, wobei
z 0,2 ≤ z ≤ 0,4 erfüllt.

11. Verfahren des Herstellens eines Seltenerdmagneten nach einem der Ansprüche 8 bis 10, wobei
eine Durchdringungsmenge des Modifikators 1,0 bis 11,0 Atom-% in Bezug auf den Seltenerdmagnetvorläufer
beträgt.

12. Verfahren des Herstellens eines Seltenerdmagneten nach einem der Ansprüche 8 bis 11, wobei
eine Temperatur bei der Wärmebehandlung 600 bis 800 °C beträgt.

13. Seltenerdmagnet nach einem der Ansprüche 1 bis 7 oder Verfahren des Herstellens eines Seltenerdmagneten nach
einem der Ansprüche 8 bis 12, wobei
x 0,2 ≤ x ≤0,3 erfüllt.

14. Seltenerdmagnet nach einem der Ansprüche 1 bis 7 oder 13 oder Verfahren des Herstellens eines Seltenerdmag-
neten nach einem der Ansprüche 8 bis 13, wobei
T Fe ist.
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Revendications

1. Aimant en terres rares, comprenant :

une phase principale (10) ;
une phase intergranulaire (20) présente autour de la phase principale (10) ; et
une phase intermédiaire (30) interposée entre la phase principale (10) et la phase intergranulaire (20),
dans lequel l’aimant en terres rares a une composition générale représentée par
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1r·(R2
1-zM2

z)s, où R1 et R2 sont des éléments des terres rares autres que
Ce et La, T est au moins un sélectionné parmi Fe, Ni, et Co, M1 est au moins un sélectionné parmi Ti, Ga, Zn,
Si, Al, Nb, Zr, Mn, V, W, Ta, Ge, Cu, Cr, Hf, Mo, P, C, Mg, Hg, Ag, et Au, et des premières impuretés inévitables,
M2 est (i) un élément d’alliage pour lequel un point de fusion de R2

1-zM2
z est plus bas qu’un point de fusion de

R2 lorsque M2 est allié à R2 et (ii) des secondes impuretés inévitables, et p, q, r, s, x, y, et z satisfont à
12,0 ≤ p ≤ 20,0,
5,0 ≤ q ≤ 20,0,
0 ≤ r ≤ 3,0,
1,0 ≤ s ≤ 11,0,
0,1 ≤ x ≤ 0,5,
0 ≤ y ≤ 0,1, et
0,1 ≤ z ≤ 0,5,
dans lequel une concentration totale de Ce et de La est plus élevée dans la phase principale (10) que dans la
phase intermédiaire (30), et
dans lequel une concentration de R2 est plus élevée dans la phase intermédiaire (30) que dans la phase
principale (10), et une concentration de La est plus élevée dans la phase intergranulaire (20) que dans la phase
intermédiaire (30).

2. Aimant en terres rares selon la revendication 1, dans lequel
R2 est au moins un sélectionné parmi Nd, Pr, Dy, et Tb.

3. Aimant en terres rares selon les revendications 1 ou 2 , dans lequel
la concentration totale de Ce et de La dans la phase principale (10) est d’1,5 à 10,0 fois plus élevée que celle dans
la phase intermédiaire (30).

4. Aimant en terres rares selon l’une quelconque des revendications 1 à 3, dans lequel
la concentration de R2 dans la phase intermédiaire (30) est d’1,5 à 10,0 fois plus élevée que celle dans la phase
principale (10).

5. Aimant en terres rares selon l’une quelconque des revendications 1 à 4, dans lequel
une concentration de La dans la phase intergranulaire (20) est d’1,5 à 10,0 fois plus élevée que celle dans la phase
intermédiaire (30).

6. Aimant en terres rares selon l’une quelconque des revendications 1 à 5, dans lequel
z satisfait à 0,2 ≤ z ≤ 0,4.

7. Aimant en terres rares selon l’une quelconque des revendications 1 à 6, dans lequel
une épaisseur de la phase intermédiaire (30) est de 5 à 50 nm.

8. Procédé de production d’un aimant en terres rares, comprenant :

la préparation d’un précurseur d’aimant en terres rares qui a une composition générale représentée par
((Ce(1-x)Lax)(1-y)R1

y)pT(100-p-q-r)BqM1r, où R1 est un élément des terres rares autre que Ce et La, T est au moins
un sélectionné parmi Fe, Ni, et Co, M1 est au moins un sélectionné parmi Ti, Ga, Zn, Si, Al, Nb, Zr, Mn, V, W,
Ta, Ge, Cu, Cr, Hf, Mo, P, C, Mg, Hg, Ag, et Au, et des premières impuretés inévitables, p, q, r, x et y satisfont à
12,0 ≤ p ≤ 20,0,
5,0 ≤ q ≤ 20,0,
0 ≤ r ≤ 3,0,
0,1 ≤ x ≤ 0,5, et
0 ≤ y ≤ 0,1,
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et qui inclut une phase magnétique et une phase riche en (Ce, La, R1) présente autour de la phase magnétique ;
la préparation d’un modificateur contenant un alliage représenté par R2

1-zM2
z, où R2 est l’élément des terres

rares autre que Ce et La, M2 est (i) un élément d’alliage pour lequel un point de fusion de R2
1-zM2

z est plus bas
qu’un point de fusion de R2 lorsqu’il est allié à R2 et (ii) des secondes impuretés inévitables, et 0,1 ≤ 0,5 ;
la mise du précurseur d’aimant en terres rares et du modificateur en contact l’un avec l’autre pour obtenir un
corps de contact ; et
le chauffage du corps de contact de telle sorte qu’un liquide, qui est le modificateur en fusion, pénètre dans la
phase magnétique du précurseur d’aimant en terres rares dans un traitement thermique.

9. Procédé de production d’un aimant en terres rares selon la revendication 8, dans lequel
R2 est au moins un sélectionné parmi Nd, Pr, Dy, et Tb ; et
M2 est au moins un sélectionné parmi Cu, Al, et Co, et des impuretés inévitables.

10. Procédé de production d’un aimant en terres rares selon la revendication 8 ou 9, dans lequel
z satisfait à 0,2 ≤ z ≤ 0,4.

11. Procédé de production d’un aimant en terres rares selon l’une quelconque des revendications 8 à 10, dans lequel
une quantité de pénétration du modificateur est d’1,0 à 11,0 % atomique par rapport au précurseur d’aimant en
terres rares.

12. Procédé de production d’un aimant en terres rares selon l’une quelconque des revendications 8 à 11, dans lequel
une température dans le traitement thermique est de 600 à 800°C.

13. Aimant en terres rares selon l’une quelconque des revendications 1 à 7 ou procédé de production d’un aimant en
terres rares selon l’une quelconque des revendications 8 à 12, dans lequel
x satisfait à 0,2 ≤ x ≤0,3.

14. Aimant en terres rares selon l’une quelconque des revendications 1 à 7 ou 13 ou procédé de production d’un aimant
en terres rares selon l’une quelconque des revendications 8 à 13, dans lequel
T est Fe.
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