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(57) ABSTRACT

The present invention relates to a modified sintered Nd—
Fe—B magnet, and a preparation method and a use thereof.
The modified sintered Nd—Fe—B magnet is prepared by
performing grain boundary diffusion on a matrix, wherein
the matrix is a sintered Nd—Fe—B magnet; a grain bound-
ary diffusion source for the grain boundary diffusion consists
of a first diffusion source and a second diffusion source; the
first diffusion source is a PrMx alloy, M being at least one
selected from a group consisted of Cu, Al, Zn, Mg, Ga, Sn,
Ag, Pb, Bi, Ni, Nb, Mn, Co, Fe, Ti, Cr, Zr, Mo and Ge; and
the second diffusion source is heavy rare earth Dy and/or Th.
A wider and longer diffusion channel formed by a low-
melting-point alloy containing Pr preferentially entering the
inside of the magnet is used as a channel for rapid diffusion
of a heavy rare earth element
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MODIFIED SINTERED ND-FE-B MAGNET,
AND PREPARATION METHOD AND USE
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This Application claims priority from the Chinese
patent application 202010608039.7 filed Jun. 29, 2020, the
content of which is incorporated herein in the entirety by
reference.

TECHNICAL FIELD

[0002] The present invention relates to a modified sintered
neodymium-iron-boron (Nd—Fe—B) magnet, and a prepa-
ration method and a use thereof, and relates to the technical
field of rare earth permanent magnet materials.

BACKGROUND

[0003] A sintered Nd—Fe—B permanent magnet is
widely applied to fields such as wind power generation,
energy-saving home appliances, and new energy vehicles on
its excellent comprehensive magnetic property. With the
continuous progress of manufacturing technology and the
improvement of people’s awareness of environmental pro-
tection, the magnet has attracted much attention from the
market in three fields of energy conservation and environ-
mental protection, new energy, and new energy vehicles. Its
consumption is growing rapidly by 10-20% every year,
showing a good application prospect.

[0004] For the magnet, coercivity is an important index for
evaluating a magnetic property of the Nd—Fe—B perma-
nent magnet material. Heavy rare earth elements Dy and Tb,
as important elements for improving the coercivity, may
effectively increase anisotropy constants of a 2:14:1 phase
magnetocrystalline, but their prices are higher. Thus, the
coercivity is generally increased by deposition and diffusion
of the heavy rare earth elements Dy and Tb on the surface
to reduce a manufacturing cost of the magnet. However, a
concentration of the heavy rare earth element decreases
greatly from a surface of the magnet toward the inside of the
magnet and a diffusion depth is relatively low, resulting in
limited property improvement.

[0005] Chinese application No. 201910183289.8 discloses
that a low-melting-point pure metal of Cu, Al, Zn, Mg or Sn,
or a low-melting-point alloy of CuAl, CuSn, CuZn, CuMg,
SnZn, MgAl, MgCu, MgZn, AlMgZn or CuAlMg is depos-
ited on a surface of a magnet by magnetron sputtering or
evaporation, and heavy rare earth Dy or Tb is deposited on
the surface of the magnet by evaporation or magnetron
sputtering. However, this method can only improve the
coercivity of the magnet by about 37%, and fails to further
improve the coercivity of the magnet.

SUMMARY

[0006] An objective of the present invention is to provide
a modified sintered Nd—Fe—B magnet, in which a wider
and longer diffusion channel formed by a low-melting-point
alloy containing Pr preferentially entering the inside of the
magnet is used as a channel for rapid diffusion of a heavy
rare earth element, such that a diffusion depth and a diffusion
rate of the heavy rare earth element are further increased,
coercivity of the magnet is improved, and manufacturing
cost is reduced.

Dec. 30, 2021

[0007] A modified sintered Nd—Fe—B magnet is pre-
pared by performing grain boundary diffusion on a matrix,
wherein the matrix is a sintered Nd—Fe—B magnet; a grain
boundary diffusion source for the grain boundary diffusion
consists of a first diffusion source and a second diffusion
source; the first diffusion source is a PrM, alloy, M is at least
one selected from a group consisted of Cu, Al, Zn, Mg, Ga,
Sn, Ag, Pb, Bi, Ni, Nb, Mn, Co, Fe, Ti, Cr, Zr, Mo and Ge,
X represents a mass percentage and is 8 to 90, and the
balance is Pr and an unavoidable impurity; and the second
diffusion source is heavy rare earth Dy and/or Th.

[0008] In the present invention, diffusion of the first dif-
fusion source is earlier than that of the second diffusion
source during the grain boundary diffusion.

[0009] Optionally, a mass ratio of the matrix, the first
diffusion source, and the second diffusion source is 100:
0.1-2: 0.1-1.

[0010] Optionally, in the modified sintered Nd—Fe—B
magnet, crystal grains are equiaxed crystals, and a crystal
grain size is 2 um to 20 pm.

[0011] Optionally, in the modified sintered Nd—Fe—B
magnet, a grain boundary phase includes a thin-layer grain
boundary phase located between two crystal grains, the
thin-layer grain boundary phase is distributed between the
crystal grains in a region within 50 pm from a diffusion
surface of the sintered Nd—Fe—B magnet, a boundary
between the crystal grains is clear, and a width of the
thin-layer grain boundary phase is 50 nm to 500 nm.

[0012] Optionally, in the region within 50 pm from the
diffusion surface of the sintered Nd—Fe—B magnet, the
crystal grains are core-shell structure grains, and a thickness
of a shell layer of the core-shell structure grain is 0.1 um to
2.0 pm.

[0013] Ina second aspect of the present invention, there is
provided a preparation method of a modified sintered Nd—
Fe—B magnet. The preparation method at least includes the
following steps:

[0014] (1) preparing an alloy film layer on a surface of a
sintered Nd—Fe—B magnet, wherein the alloy film layer is
PrM_, M is at least one selected from a group consisted of
Cu, Al, Zn, Mg, Ga, Sn, Ag, Pb, Bi, Ni, Nb, Mn, Co, Fe, Ti,
Cr, Zr, Mo and Ge, X represents a mass percentage and is 8
to 90, and the balance is Pr and an unavoidable impurity;

[0015] (2) preparing a heavy rare earth film layer on the
surface of the alloy film layer acquired in (1), wherein heavy
rare earth includes Dy (T,,~1412° C.) and/or Tb (T, ~=1356°
C.); and

[0016] (3) acquiring the modified sintered Nd—Fe—B
magnet by performing grain boundary diffusion on the
sintered Nd—Fe—B magnet by using the alloy film layer
and the heavy rare earth film layer as a diffusion source.

[0017] Preferably, M is at least one selected from a group
consisted of Cu, Al, Zn, Ga, Fe, Ni, and Co.

[0018] Optionally, the sintered Nd—Fe—B magnet is a
sintered Nd—Fe—B magnet in a sintered state or in a
tempered state.

[0019] Optionally, a melting point of the alloy film layer
in (1) is 400° C. to 700° C.

[0020] Optionally, a thickness of the alloy film layer in (1)
is 1 um to 40 um, preferably 5 pm to 20 pm.
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[0021] Optionally, said preparing the alloy film layer in (1)
specifically includes:

[0022] depositing the alloy film layer by adopting mag-
netron sputtering technology and using a PrM, alloy as a
target material under a condition that a vacuum degree is
lower than 2x107> Pa.

[0023] Optionally, a thickness of the heavy rare earth film
layer in (2) is 1 pm to 20 pum, preferably 3 um to 10 pm.
[0024] Optionally, said preparing the heavy rare earth film
layer in (2) specifically includes:

[0025] depositing the heavy rare earth film layer by adopt-
ing a magnetron sputtering method and using heavy rare
earth as a target material under a condition that a vacuum
degree is lower than 2x107> Pa.

[0026] Optionally, a specific condition for the grain
boundary diffusion in (3) includes:

[0027] a vacuum degree being lower than 3x10~> Pa;
[0028] a diffusion temperature being 750° C. to 1000° C.;
[0029] diffusion duration being 0.5 h to 24 h.

[0030] Further, after the grain boundary diffusion, temper-

ing treatment is performed at 430° C. to 640° C. for 0.5 hto
10 h.

[0031] Preferably, a diffusion temperature is 850° C. to
950° C.; and

[0032] diffusion duration is 2 h to 24 h.

[0033] Optionally, a mass ratio of the sintered Nd—Fe—B

magnet, the alloy film layer and the heavy rare earth film
layer is 100:0.1-2:0.1-1.

[0034] In a specific embodiment, a method for improving
a magnetic property of a sintered Nd—Fe—B magnet
includes the following steps:

[0035] 1) cleaning surfaces of the sintered Nd—Fe—B
magnet, and ensuring that the upper and lower surfaces of
the sintered Nd—Fe—B magnet are smooth and flat;
[0036] 2) depositing a low-melting-point alloy PrM con-
taining Pr on the surfaces of the magnet under a condition
that a vacuum degree is lower than 2x107>Pa, wherein a
thickness of a deposited layer is 1 pm to 40 pum, preferably
5 pm to 20 pm;

[0037] 3) depositing heavy rare earth Dy (T,~1412° C.)
or Tb (T,,~1356° C.) on the surfaces of the magnet, wherein
a thickness of the deposited layer is 1 um to 20 um;
[0038] 4) placing the treated magnet into a tempering
furnace and vacuumizing the latter, and keeping a tempera-
ture in the tempering furnace at 850° C. to 950° C. for 2 h
to 24 h while a vacuum degree therein is lower than 3x107>
Pa; and

[0039] 5) keeping a temperature in the tempering furnace
at 430° C. to 640° C. for 0.5 h to 10 h.

[0040] Optionally, in the modified sintered Nd—Fe—B
magnet, crystal grains are equiaxed crystals, and a crystal
grain size is 2 um to 20 pm. In the present invention, the
crystal grain size refers to the maximum distance between
two points within a crystal plane with the largest surface area
in a crystal grain, namely, a length of the long axis of the
crystal grain.

[0041] Optionally, the grain boundary phase includes a
thin-layer grain boundary phase located between two crystal
grains and a trifurcated grain boundary phase located at
corners of multiple crystal grains; and the thin-layer grain
boundary phase is uniformly distributed between the crystal
grains in a region within 50 um from a diffusion surface of
the sintered Nd—Fe—B magnet, a boundary between the
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crystal grains is clear, and a width of the thin-layer grain
boundary phase is 50 nm to 500 nm.

[0042] Inthe present invention, the diffusion surface of the
sintered Nd—Fe—B magnet refers to the surface thereof
with an alloy film layer and a heavy rare earth film layer; the
region within 50 pm from the diffusion surface of the
sintered Nd—Fe—B magnet refers to a region where a
vertical distance to the diffusion surface is less than or equal
to 50 um; and the width of the thin-layer grain boundary
phase refers to the shortest distance between adjacent crystal
grains.

[0043] Optionally, in the region within 50 pm from the
diffusion surface of the sintered Nd—Fe—B magnet, the
crystal grains are core-shell structure grains, and a thickness
of a shell layer of the core-shell structure grain is 0.1 um to
2.0 pm.

[0044] In the present invention, the shell layer is a main
phase epitaxial layer containing Tb and/or Dy.

[0045] In a third aspect of the present invention, there is
provided a use of the modified sintered Nd—Fe—B magnet
prepared by any one of the above preparation methods, or
any one of the modified sintered Nd—Fe—B magnets in
fields of wind power generation, energy-saving home appli-
ances and new energy vehicles.

[0046] The present invention has the following beneficial
effects.
[0047] (1) In the solution of the present invention, a wider

and longer diffusion channel formed by the low-melting-
point alloy containing Pr preferentially entering the inside of
the magnet is used as a channel for rapid diffusion of the
heavy rare earth element, such that a diffusion depth and a
diffusion rate of the heavy rare earth element are further
increased, and the coercivity of the magnet is improved.
[0048] (2) The method can reduce the consumption of the
heavy rare earth element, such that the cost is significantly
reduced while improving the coercivity of the magnet.
[0049] (3) The method is simple in process, easy to
implement, and broad in application prospect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 is a scanning electron microscope photo-
graph of a high-coercivity magnet after grain boundary
diffusion prepared in Embodiment 1.

[0051] FIG. 2 is a scanning electron microscope photo-
graph of an unmodified sintered Nd—Fe—B magnet in
Embodiment 1.

DETAILED DESCRIPTION

[0052] To enable those skilled in the art to better under-
stand the technical solutions of the present invention, the
technical solutions of the present invention will be described
clearly and completely in conjunction with the accompany-
ing drawings of the present invention. Other similar embodi-
ments acquired by those of ordinary skill in the art based on
embodiments of the present invention without creative labor
shall fall within the protection scope of the present inven-
tion. In addition, the directional terms mentioned in the
following embodiments, such as “upper”, “lower”, “left”
and “right”, only refer to the directions with reference to the
accompanying drawings. Therefore, the used directional
terms are used to illustrate but not limit the present inven-
tion. All features disclosed in the description or steps in all
disclosed methods or processes, except mutually exclusive
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features and/or steps, may be combined in any way. Unless
specifically stated, any feature disclosed in the description
(including any additional claim, abstract and accompanying
drawing) may be replaced with other equivalent or alterna-
tive features with similar purposes. That is, unless specifi-
cally stated, each feature is only one example of a series of
equivalent or similar features.

[0053] In the present invention, unless otherwise speci-
fied, raw materials are all conventional commercial prod-
ucts.

[0054] A modified sintered Nd—Fe—B magnet is pre-
pared by performing grain boundary diffusion on a matrix,
wherein the matrix is a sintered Nd—Fe—B magnet; a grain
boundary diffusion source for the grain boundary diffusion
consists of a first diffusion source and a second diffusion
source; the first diffusion source is a PrM alloy, M is at least
one selected from a group consisted of Cu, Al, Zn, Mg, Ga,
Sn, Ag, Pb, Bi, Ni, Nb, Mn, Co, Fe, Ti, Cr, Zr, Mo and Ge,
X represents a mass percentage and is 8 to 90, and the
balance is Pr and an unavoidable impurity; and the second
diffusion source is heavy rare earth Dy and/or Tb.

[0055] In the present invention, diffusion of the first dif-
fusion source is earlier than that of the second diffusion
source during the grain boundary diffusion.

[0056] Optionally, a mass ratio of the matrix, the first
diffusion source, and the second diffusion source is 100:0.
1-2:0.1-1.

[0057] Optionally, in the modified sintered Nd—Fe—B
magnet, crystal grains are equiaxed crystals, and a crystal
grain size is 2 pm to 20 pm.

[0058] Optionally, in the modified sintered Nd—Fe—B
magnet, a grain boundary phase comprises a thin-layer grain
boundary phase located between two crystal grains, the
thin-layer grain boundary phase is distributed between the
crystal grains in a region within 50 um from a diffusion
surface of the sintered Nd—Fe—B magnet, a boundary
between the crystal grains is clear, and a width of the
thin-layer grain boundary phase is 50 nm to 500 nm.
[0059] Optionally, in the region within 50 pm from the
diffusion surface of the sintered Nd—Fe—B magnet, the
crystal grains are core-shell structure grains, and a thickness
of a shell layer of the core-shell structure grain is 0.1 um to
2.0 pm.

[0060] A preparation method of a modified sintered Nd—
Fe—B magnet at least includes the following steps:

[0061] (1) preparing an alloy film layer on a surface of a
sintered Nd—Fe—B magnet, wherein the alloy film layer is
PrMx, M is at least one selected from a group consisted of
Cu, Al, Zn, Mg, Ga, Sn, Ag, Pb, Bi, Ni, Nb, Mn, Co, Fe, Ti,
Cr, Zr, Mo and Ge, X represents a mass percentage and is 8
to 90, and the balance is Pr and an unavoidable impurity;
[0062] (2) preparing a heavy rare earth film layer on the
surface of the alloy film layer acquired in (1), wherein heavy
rare earth includes Dy (T,,~1412° C.) and/or Tb (T, ~=1356°
C.); and

[0063] (3) acquiring the modified sintered Nd—Fe—B
magnet by performing grain boundary diffusion on the
sintered Nd—Fe—B magnet by using the alloy film layer
and the heavy rare earth film layer as a diffusion source.
[0064] Preferably, M is at least one selected from a group
consisted of Cu, Al, Zn, Ga, Fe, Ni, and Co.

[0065] Optionally, the sintered Nd—Fe—B magnet is a
sintered Nd—Fe—B magnet in a sintered state or in a
tempered state.

Dec. 30, 2021

[0066] Optionally, a melting point of the alloy film layer
in (1) is 40° C. to 700° C.

[0067] Optionally, a thickness of the alloy film layer in (1)
is 1 um to 40 um, preferably 5 pm to 20 pm.

[0068] Optionally, said preparing the alloy film layer in (1)
specifically includes:

[0069] depositing the alloy film layer by adopting mag-
netron sputtering technology and using a PrM,, alloy as a
target material under a condition that a vacuum degree is
lower than 2x107> Pa.

[0070] Optionally, a thickness of the heavy rare earth film
layer in (2) is 1 pm to 20 pum, preferably 3um to 10 pm.
[0071] Optionally, said preparing the heavy rare earth film
layer in (2) specifically includes:

[0072] depositing the heavy rare earth film layer by adopt-
ing a magnetron sputtering method and using heavy rare
earth as a target material under a condition that a vacuum
degree is lower than 2x10~> Pa.

[0073] Optionally, a specific condition for the grain
boundary diffusion in (3) includes:

[0074] a vacuum degree being lower than 3x107> Pa;
[0075] a diffusion temperature being 750° C. to 1000° C.;
and

[0076] diffusion duration being 0.5 h to 24 h.

[0077] Further, after the grain boundary diffusion, temper-

ing treatment is performed at 430° C. to 640° C. for 0.5 hto
10 h.

[0078] Preferably, the diffusion temperature is 850° C. to
950° C.; and

[0079] the diffusion duration is 2 h to 24 h.

[0080] Optionally, a mass ratio of the sintered Nd—Fe—B

magnet, the alloy film layer and the heavy rare earth film
layer is 100:0.1-2:0.1-1.

[0081] In a specific embodiment, a method for improving
a magnetic property of a sintered Nd—Fe—B magnet
includes the following steps:

[0082] 1) cleaning surfaces of the sintered Nd—Fe—B
magnet, and ensuring that the upper and lower surfaces of
the sintered Nd—Fe—B magnet are smooth and flat;
[0083] 2) depositing a low-melting-point alloy PrM con-
taining Pr on the surfaces of the magnet under a condition
that a vacuum degree is lower than 2x10~> Pa, wherein a
thickness of a deposited layer is 1 pm to 40 pum, preferably
5 pm to 20 pm;

[0084] 3) depositing heavy rare earth Dy (T,~1412° C.)
or Tb (T,,/~1355° C.) on the surfaces of the magnet, wherein
a thickness of the deposited layer is 1 um to 20 um;
[0085] 4) placing the treated magnet placed into a tem-
pering furnace and vacuumizing the latter, and keeping a
temperature in the tempering furnace at 850° C. to 950° C.
for 2 h to 24 h while a vacuum degree therein is lower than
3%x1072 Pa; and

[0086] 5) keeping a temperature in the tempering furnace
at 430° C. to 640° C. for 0.5 h to 10 h.

[0087] Optionally, in the modified sintered Nd—Fe—B
magnet, crystal grains are equiaxed crystals, and a crystal
grain size is 2 um to 20 pm. In the present invention, the
crystal grain size refers to the maximum distance between
two points within a crystal plane with the largest surface area
in a crystal grain, namely, a length of the long axis of the
crystal grain.

[0088] Optionally, the grain boundary phase includes a
thin-layer grain boundary phase located between two crystal
grains and a trifurcated grain boundary phase located at
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corners of multiple crystal grains; and the thin-layer grain
boundary phase is uniformly distributed between the crystal
grains in a region within 50 um from a diffusion surface of
the sintered Nd—Fe—B magnet, a boundary between the
crystal grains is clear, and a width of the thin-layer grain
boundary phase is 50 nm to 500 nm.

[0089] Here, in the present invention, the diffusion surface
of the sintered Nd—Fe—B magnet refers to the surface
thereof with an alloy film layer and a heavy rare earth film
layer; the region within 50 um from the diffusion surface of
the sintered Nd—Fe—B magnet refers to a region where a
vertical distance to the diffusion surface is less than or equal
to 50 um; and the width of the thin-layer grain boundary
phase refers to the shortest distance between adjacent crystal
grains.

[0090] Optionally, in the region within 50 pm from the
diffusion surface of the sintered Nd—Fe—B magnet, the
crystal grains are core-shell structure grains, and a thickness
of a shell layer of the core-shell structure grain is 0.1 um to
2.0 pm.

[0091] In the present invention, the shell layer is a main
phase epitaxial layer containing Tb and/or Dy.

[0092] There is provided a use of the modified sintered
Nd—Fe—B magnet prepared by any one of the above
preparation methods, or any one of the modified sintered
Nd—Fe—B magnets in fields of wind power generation,
energy-saving home appliances and new energy vehicles.

Embodiment 1

[0093] (1) A sintered Nd—Fe—B magnet with the com-
position of (PrNd),; ¢;Fess 71Bo o7Al0 19C00 52CU, 1652,
18Thy ¢4 (Wt.%), namely, a sintered Nd—Fe—B magnet with
the grade of 48H, is sliced into 8*8*7 mm blocks.

[0094] (2) The surfaces of the sintered Nd—Fe—B mag-
net block are cleaned, and it is ensured that the upper and
lower polar surfaces of the sintered Nd—Fe—B magnet
block are smooth and flat.

[0095] (3) Magnetron sputtering is performed on the upper
and lower polar surfaces of the sintered Nd—Fe—B magnet
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earth film layer with a thickness of 3 pm, wherein at this
time, a mass ratio of the sintered Nd—Fe—B magnet, the
alloy Prg,Alg and the heavy rare earth is 100:0.3:0.3.

[0097] (5) A temperature at 920° C. is kept for 4 h and
tempering is performed at 500° C. for 2 h when a vacuum
degree is 2x107> Pa to acquire a high-coercivity sintered
Nd—Fe—B magnetic material marked as material 1.

Embodiment 2

[0098] (1) A sintered Nd—Fe—B magnet with the com-
position of (PrNd),, s,Fegs 5Bg o7Aly 16C06 5,Cu4 165G,
18Thy ¢4 (Wt. %) is sliced into 8*8*7 mm blocks.

[0099] (2) The surfaces of the sintered Nd—Fe—B mag-
net block are cleaned, and it is ensured that the upper and
lower polar surfaces of the sintered Nd—Fe—B magnet
block are smooth and flat.

[0100] (3) Magnetron sputtering is performed on the upper
and lower polar surfaces of the sintered Nd—Fe—B magnet
block by using an alloy Prg,Ga,, (Wt. %) with a melting
point of 550 © C. as a target material when a vacuum degree
is 1x107> Pa to form an alloy film layer with a thickness of
6 um on each of the upper and lower polar surfaces.

[0101] (4) Heavy rare earth Tb is deposited on the surface
of each alloy film layer by magnetron sputtering technology
when a vacuum degree is 1x107> Pa to acquire a heavy rare
earth film layer with a thickness of 3 pm.

[0102] (5) A temperature at 900° C. is kept for 4 h and
tempering is performed at 520° C. for 2 h when a vacuum
degree is 2x10~> Pa to acquire a high-coercivity sintered
Nd—Fe—B magnetic material marked as material 2.

Embodiments 3 to 10

[0103] The preparation methods in Embodiments 3 to 10
are mostly the same as that in Embodiment 1, and differ-
ences are shown in Table 1. Materials acquired therefrom are
marked as materials 3 to 10 sequentially.

TABLE 1

Table of Preparation Conditions for Each of Embodiments

Sintered Heavy rare Diffusion Tempering
Nd—Fe—B Alloy layer/ earth layer/ temperature ° C./ temperature ° C./

Embodiment magnet  thickness pum thickness pm duration h duration h
Embodiment 1 48H Pro,Alg/6 Tb/3 920/4 500/2
Embodiment 2 48H PreoGase/6 Dy/3 900/4 52072
Embodiment 3 48H Pr,oCuso/10 Tb/4 920/4 500/2
Embodiment 4 48H PrgoAl,oCu, /10 Dy/4 900/4 520/2
Embodiment 5 48H PreoZn,oCusg/12 Tb/5 920/4 500/2
Embodiment 6 48H PreoGasoAlyy/12 Dy/5 900/4 52072
Embodiment 7 48H PreoFesqCuyg/14 Tb/6 920/4 500/2
Embodiment 8 48H ProoNisoAly/14 Dy/6 900/4 520/2
Embodiment 9 48H PreoCuypZn,g/16 Tb/7 920/4 500/2
Embodiment 10 48H PreoCu;sAl;sZn,o/16  Dy/7 900/4 52072

block by using an alloy Prg, Al(wt. %) with a melting point
of 850° C. as a target material when a vacuum degree is
1x1072 Pa to form an alloy film layer with a thickness of 6
um on each of the upper and lower polar surfaces.

[0096] (4) Heavy rare earth Tb is deposited on the surface
of each alloy film layer by magnetron sputtering technology
when a vacuum degree is 1x10~> Pa to acquire a heavy rare

Comparative Example 1

[0104] (1) The sintered Nd—Fe—B magnet (with the
grade of 48H) is sliced into 8*8*7 mm blocks.

[0105] (2) The surfaces of the sintered Nd—Fe—B mag-
net block are cleaned, and it is ensured that the upper and
lower polar surfaces of the sintered Nd—Fe—B magnet
block are smooth and flat.
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[0106] (3) Magnetron sputtering is performed on the upper
and lower polar surfaces of the sintered Nd—Fe—B magnet
block by using an alloy Cu,,Zn;, as a target material when
a vacuum degree is 1x107°Pa to form an alloy film layer
with a thickness of 16 pm on each of the upper and lower
surfaces.

[0107] (4) Heavy rare earth Dy is deposited on the surface
of each alloy film layer by magnetron sputtering technology
when a vacuum degree is 1x107> Pa to acquire a heavy rare
earth film layer with a thickness of 7 pm.

[0108] (5) A temperature at 920° C. is kept for 4 h and
tempering is performed at 500° C. for 2 h when a vacuum
degree is 2x10~> Pa to acquire a high-coercivity sintered
Nd—Fe—B magnetic material marked as material 11.

Comparative Example 2

[0109] The preparation method in the comparative
example 2 is the same as that in the comparative example 1,
except that an alloy target material in (2) is Cu,,Aly,.
[0110] The morphology of the material acquired from each
embodiment is characterized as follows.

[0111] Here, a testing method includes:

[0112] after the magnet is sliced along the height direction,
its microstructure is scanned, wherein the scanning may be
performed by a well-known field emission scanning electron
microscope SEM. Observation is performed from the diffu-
sion surface of the magnet toward the center of the magnet,
and an observation range above 80 pum (length)x40 fm
(width) is set to observe the micro-morphology of the
material at different distances from the diffusion surface; or
[0113] after the magnet is sliced along the height direction,
its microstructure is scanned, wherein the scanning may be
performed by a well-known field emission scanning electron
microscope SEM. Observation is performed from the diffu-
sion surface of the magnet toward the center of the magnet,
an observation range above 80 um (length)x40 um (width)
is set, and the SEM is adopted to directly calibrate a phase
size, so as to determine the size of the crystal grains, the
thickness of the crystal grain shell, and the width of the
thin-layer grain boundary phase.

[0114] Here, the material 1 provided by Embodiment 1 is
taken as a typical representative for description, and the
materials obtained from other embodiments all have the
same or similar morphology.

[0115] FIG. 1 is a slice electron microscope photograph in
the range within 50 pm from the diffusion surface of the
magnet. As shown in FIG. 1, the crystal grains in the
material 1 are equiaxed crystals, and the crystal grain size is
2 um to 20 um. The main phase of the material 1 includes
Nd,Fe, B, and the grain boundary phase of the material 1
includes a thin-layer grain boundary phase located between
two crystal grains and a trifurcated grain boundary phase
located at corners of multiple crystal grains. Referring to
FIGS. 1 and 2, compared with the unmodified sintered
Nd—Fe—B magnet, in the region within 50 pm from the
diffusion surface of the sintered Nd—Fe—B magnet of the
material 2, the thin-layer grain boundary phase is uniformly
distributed between the crystal grains, the boundary between
the crystal grains is clear, and the width of the thin-layer
grain boundary phase is 50 nm to 500 nm. In the region
within 50 pm from the diffusion surface of the sintered
Nd—Fe—B magnet, the crystal grains are core-shell struc-
ture grains, and the thickness of the shell layer of the
core-shell structure grain is 0.1 um to 2.0 pm.
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[0116] Properties of the materials acquired from all the
embodiments and the comparative examples are tested.
[0117] The remanence, coercivity and magnetic energy
product of each material are measured by NIM-500C mag-
netic tester at room temperature. The test results are shown
in Table 2.

TABLE 2

Table of Magnetic Property Parameters of Materials Acquired
from All Embodiments and Comparative Examples

Remanence Coercivity Magnetic Energy

Embodiment (T) (kOe) Product (MGOe)
Embodiment 1 1.39 25.6 46.8
Embodiment 2 1.40 235 47.3
Embodiment 3 1.41 259 47.3
Embodiment 4 1.39 23.8 47.6
Embodiment 5 1.38 26.6 48.0
Embodiment 6 1.38 24.1 48.1
Embodiment 7 1.39 27.2 47.5
Embodiment 8 1.37 243 46.9
Embodiment 9 1.37 28.0 46.4
Embodiment 10 1.36 24.8 46.5
Comparative example 1 1.37 234 46.2
Comparative example 2 1.36 23.2 46.4
Unmodified sintered 1.41 18.2 48.5

Nd—Fe—B magnet

[0118] It can be seen from Table 2 that the coercivity of the
magnet materials provided by the embodiments of the
present invention is increased by more than 29% with
respect to the coercivity of 18.2 kOe before the grain
boundary diffusion, while there is almost no drop in the
remanence. Especially, the coercivity of the material 9
provided by Embodiment 9 is increased by nearly 54%;
while the comparative examples 1 and 2 only increase the
coercivity by 28.5% under the similar condition as that in
Embodiment 9.

[0119] The present invention is described in detail above.
The above embodiments are only preferred embodiments of
the present invention, and should not limit the implementa-
tion scope of the present invention. That is, all equivalent
changes and modifications made in accordance with the
scope of the present application shall still fall within the
scope of the present invention.

1. A modified sintered Nd—Fe—B magnet, wherein the
modified sintered Nd—Fe—B magnet is prepared by per-
forming grain boundary diffusion on a matrix; the matrix is
a sintered Nd—Fe—B magnet; a grain boundary diffusion
source for the grain boundary diffusion consists of a first
diffusion source and a second diffusion source; the first
diffusion source is a PrMx alloy, M is at least one selected
from a group consisted of Cu, Al, Zn, Mg, Ga, Sn, Ag, Pb,
Bi, Ni, Nb, Mn, Co, Fe, Ti, Cr, Zr, Mo and Ge, X represents
a mass percentage and is 8 to 90, and the balance is Pr and
an unavoidable impurity; and the second diffusion source is
heavy rare earth Dy and/or Tb.

2. The modified sintered Nd—Fe—B magnet according to
claim 1, wherein a mass ratio of the matrix, the first diffusion
source, and the second diffusion source is 100:0.1-2:0.1-1.

3. The modified sintered Nd—Fe—B magnet according to
claim 2, wherein crystal grains are equiaxed crystals, and a
crystal grain size is 2 pm to 20 pm.

4. The modified sintered Nd—Fe—B magnet according to
claim 2, wherein a grain boundary phase comprises a
thin-layer grain boundary phase located between two crystal



US 2021/0407713 Al

grains, the thin-layer grain boundary phase is distributed
between the crystal grains in a region within 50 pm from a
diffusion surface of the sintered Nd—Fe—B magnet, a
boundary between the crystal grains is clear, and a width of
the thin-layer grain boundary phase is 50 nm to 500 nm.
5. The modified sintered Nd—Fe—B magnet according to
claim 4, wherein in the region within 50 um from the
diffusion surface of the sintered Nd—Fe—B magnet, the
crystal grains are core-shell structure grains, and a thickness
of a shell layer of the core-shell structure grain is 0.1 um to
2.0 pm.

6. A preparation method of a modified sintered Nd—
Fe—B magnet, at least comprising the following steps:

(1) preparing an alloy film layer on a surface of a sintered
Nd—Fe—B magnet, wherein the alloy film layer is
PrMx, M is at least one selected from a group consisted
of Cu, Al, Zn, Mg, Ga, Sn, Ag, Pb, Bi, Ni, Nb, Mn, Co,
Fe, Ti, Cr, Zr, Mo and Ge, X represents a mass
percentage and is 8 to 90, and the balance is Pr and an
unavoidable impurity;

(2) preparing a heavy rare earth film layer on the surface
of the alloy film layer acquired in (1), wherein heavy
rare earth comprises Dy and/or Tb; and

(3) acquiring the modified sintered Nd—Fe—B magnet
by performing grain boundary diffusion on the sintered
Nd—Fe—B magnet by using the alloy film layer and
the heavy rare earth film layer as a diffusion source.

7. The preparation method according to claim 6, wherein

a melting point of the alloy film layer in (1) is 400° C. to
700° C.
8. The preparation method according to claim 6, wherein
a thickness of the alloy film layer in (1) is 1 pm to 40 pm.
9. The preparation method according to claim 6, wherein
said preparing the alloy film layer in (1) specifically com-
prises:

depositing the alloy film layer by adopting magnetron
sputtering technology and using a PrM alloy as a target
material under a condition that a vacuum degree is
lower than 2x107> Pa.

10. The preparation method according to claim 6, wherein

a thickness of the heavy rare earth film layer in (2) is 1 pm
to 20 pm.
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11. The preparation method according to claim 6, wherein
said preparing the heavy rare earth film layer in (2) specifi-
cally comprises:

depositing the heavy rare earth film layer by adopting a

magnetron sputtering method and using heavy rare
earth as a target material under a condition that a
vacuum degree is lower than 2x1073 Pa.

12. The preparation method according to claim 6, wherein
a specific condition for the grain boundary diffusion in (3)
comprises:

a vacuum degree being lower than 3x107> Pa;

a diffusion temperature being 750° C. to 1000° C.; and

diffusion duration being 0.5 h to 24 h.

13. The preparation method according to claim 1, wherein
after the grain boundary diffusion, tempering treatment is
performed at 430° C. to 640° C. for 0.5 h to 10 h.

14. The preparation method according to claim 6, wherein
a diffusion temperature is 850° C. to 950° C.; and

diffusion duration is 2 h to 24 h.

15. The preparation method according to claim 6, wherein
a mass ratio of the sintered Nd—Fe—B magnet, the alloy
film layer and the heavy rare earth film layer is 100:0.5-1:
0.2-0.6.

16. A use of the modified sintered Nd—Fe—B magnet
according to in fields of wind power generation, energy-
saving home appliances and new energy vehicles.

17. A use of the modified sintered Nd—Fe—B magnet
according to claim 2 in fields of wind power generation,
energy-saving home appliances and new energy vehicles.

18. A use of the modified sintered Nd—Fe—B magnet
according to claim 3 in fields of wind power generation,
energy-saving home appliances and new energy vehicles.

19. A use of the modified sintered Nd—Fe—B magnet
according to claim 4 in fields of wind power generation,
energy-saving home appliances and new energy vehicles.

20. A use of the modified sintered Nd—Fe—B magnet
according to claim 5 in fields of wind power generation,
energy-saving home appliances and new energy vehicles.
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