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Filed: June | 9,373,433 Assignee: Nanocomposite permanent magnets and methods of making the same
29, 2012 General Electric
Company (Niskayuna, | Abstract
Issued: NY) ) ) ) )
June 21, A method of making a nanocomposite permanent magnet is provided. The
2016 method comprises applying an extreme shear deformation to hard magnetic
phase nanoparticles and soft magnetic phase nanoparticles to align at least a
Expires: portion of the hard phase magnetic particles and to produce a nanocomposite
June 2032 permanent magnet.

The invention claimed is:

1. A method of making [presumptive process/method] a nanocomposite
permanent magnet, comprising: applying shear deformation to hard magnetic
phase nanoparticles and soft magnetic phase nanoparticles to align at least a
portion of the hard phase magnetic particles and to produce a nanocomposite
permanent magnet further comprising degassing the hard and soft magnetic
phase nanoparticles prior to applying the shear deformation to form a degassed
composite mixture of the hard magnetic phase nanoparticles and soft magnetic
phase nanoparticles; wherein the step of applying the shear deformation
comprises; disposing the degassed composite mixture in a ductile conduit;
degassing the ductile conduit; sealing the ductile conduit after degassing;
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disposing the ductile conduit in a deformation container; and transmitting a
shear strain to the ductile conduit via the deformation container to produce the
nanocomposite permanent magnet.

2. The method of claim 1, wherein the hard magnetic phase particles comprise
samarium cobalt, neodymium iron boron, samarium iron nitrogen, iron
platinum, cobalt platinum, iron palladium, cobalt palladium, aluminum nickel
cobalt, barium-hexaferrite, strontium-hexaferrite, manganese bismuth,
manganese aluminum,or combinations thereof.

Filed: 9,368,277 Assignee: DAIDO Method for producing RFeB-based magnet

September STEEL CO., LTD.

22,2014 (Aichi, Japan) Abstract

Issued: Provided is a method for producing an RFeB-based magnet, the method

June 14, including: disposing a nozzle so as to be opposed to an attachment surface of a

2016 base material that is a sintered magnet or hot-plastic worked magnet composed
of an RFeB-based magnet containing a light rare earth element R.sup.L that is

Expires: at least one element selected from the group consisting of Nd and Pr, Fe, and

September B; ejecting a mixture, from the nozzle, obtained by mixing an organic solvent

2034 and an R.sup.H-containing powder containing a heavy rare earth element

R.sup.H that is at least one element selected from the group consisting of Dy,
Th and Ho so as to attach the mixture to the attachment surface; and heating
the base material together with the mixture.

What is claimed is:

1. A method for producing [presumptive process/method] an RFeB-based
magnet, the method comprising: disposing a nozzle so as to be opposed to an
attachment surface of a base material, which is held by a base material holding
unit so that the attachment surface faces upward, which has an upwardly
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convex arc shape in a cross-section, and which is a sintered magnet or hot-
plastic worked magnet composed of an RFeB-based magnet containing a light
rare earth element R.sup.L that is at least one element selected from the group
consisting of Nd and Pr, Fe, and B; transporting the base material holding unit
using a base material transporting unit so that the base material holding unit is
immediately below a nozzle head of the nozzle; extruding a mixture, which is
obtained by mixing an organic solvent, which is a silicone grease or flowable
paraffin, and an R.sup.H-containing powder containing a heavy rare earth
element R.sup.H that is at least one element selected from the group consisting
of Dy, Tb and Ho, from the nozzle, by moving a valve element or a piston or
by pressure when receiving an electrical signal, while moving the nozzle with
respect to the attachment surface so as to attach the mixture to the attachment
surface; transporting the base material holding unit away from immediately
below the nozzle head of the nozzle using the base material transporting unit;
transporting, using the base material transporting unit, a subsequent base
material holding unit, which holds base material that has an attachment surface
facing upward, so that the subsequent base material holding unit is
immediately below the nozzle head of the nozzle and so that the mixture is
attached to an attachment surface of a plurality of base materials; and heating
the base material together with the mixture.

5. A method for producing an RFeB-based magnet, the method comprising:
disposing a nozzle so as to be opposed to an attachment surface of a base
material that has an upwardly convex arc shape in a cross-section and is a
sintered magnet or hot-plastic worked magnet composed of an RFeB-based
magnet containing a light rare earth element R.sup.L that is at least one
element selected from the group consisting of Nd and Pr, Fe, and B; extruding
a mixture, which is obtained by mixing an organic solvent and an R.sup.H-
containing powder containing a heavy rare earth element R.sup.H that is at
least one element selected from the group consisting of Dy, Tb and Ho, from
the nozzle while moving the nozzle with respect to the attachment surface so as
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to attach the mixture to the attachment surface; and heating the base material
together with the mixture.

Filed: July | 9,368,276 Assignee: HITACHI Method for producing R-T-B-based sintered magnets
12,2011 METALS, LTD.

(Tokyo, Japan) Abstract
Issued:
June 14, A method for producing a sintered R-T-B based magnet includes the steps of:
2016 providing a sintered R-T-B based magnet body 1; providing an RH diffusion
source including a heavy rare-earth element RH (which is at least one of Dy
Expires: and Tb) and 30 mass % to 80 mass % of Fe; loading the sintered R-T-B based
July 2031 magnet body 1 and the RH diffusion source 2 into a processing chamber 3 so

that the magnet body 1 and the diffusion source 2 are movable relative to each
other and are readily brought close to, or in contact with, each other; and
performing an RH diffusion process in which the sintered magnet body 1 and
the RH diffusion source 2 are heated to a processing temperature of more than
850.degree. C. through 1000.degree. C. while being moved either continuously
or discontinuously in the processing chamber.

The invention claimed is:

1. A method for producing [presumptive process/method] a sintered R-T-B
based magnet, the method comprising the steps of: providing a sintered R-T-B
based magnet body; providing a solid RH diffusion source including a heavy
rare-earth element RH (which is at least one of Dy and Tb) and 40 mass % to
60 mass % of Fe, the solid RH diffusion source having a solid physical shape;
loading the sintered magnet body and the solid RH diffusion source into a
processing chamber so that the magnet body and the solid RH diffusion source
are movable relative to each other and are readily brought in contact with each
other; and performing an RH diffusion process in which the sintered magnet
body and the solid RH diffusion source are heated to a processing temperature
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of more than 850.degree. C. through 1000.degree. C. while being moved either
continuously or discontinuously in the processing chamber, and changing a
point of contact between the sintered magnet body and the solid RH diffusion
source by rotating the processing chamber; wherein the RH diffusion process is
carried out with a stirring aid member introduced into the processing chamber,
the stirring aid member being made of zirconia, silicon nitride, silicon carbide,
boron nitride or a ceramic that includes any combination of zirconia, silicon
nitride, silicon carbide, and boron nitride; and the sintered magnet body, the
solid RH diffusion source and the stirring aid member are stirred in the
processing chamber during the RH diffusion process.

2. The method of claim 1, wherein the processing temperature is 870.degree.
C. to 1000.degree. C.

Filed: 9,350,203 Assignee: Rare earth sintered magnet, method for producing the same, motor, and
March 30, TDK Corporation automobile
2011 (Tokyo, Japan)
Abstract
Issued: o ] o ]
May 24, Provided is a rare earth sintered magnet 10 comprising a group of main phase
2016 grains 2 each composed of an R-T-B-based rare earth magnet comprising a
core 4 and a shell 6 covering the core 4, wherein a thickness of the shell 6 is
Expires: 500 nm or less, R includes a light rare earth element and a heavy rare earth
March element, and a Zr compound 8 is present in a grain boundary phase 7 of the
2031 group of main phase grains 2 and/or the shell 6. Also provided are a motor
comprising the rare earth sintered magnet 10 and an automobile comprising
the motor.

The invention claimed is:

1. A rare earth sintered magnet comprising [presumptive composition of
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matter], a group of main phase grains each composed of an R-T-B-based rare
earth magnet comprising a core and a shell covering the core, wherein a
thickness of the shell is 500 nm or less, R includes a light rare earth element
and a heavy rare earth element, and a Zr compound is present in the shell.

2. The rare earth sintered magnet according to claim 1, wherein a Ga
compound is further present in the grain boundary phase of the group of main
phase grains.

3. The rare earth sintered magnet according to claim 1, wherein a content of
an oxygen element is 2500 ppm or less and a content of a carbon element is
500 ppm or more and 1500 ppm or less in the rare earth sintered magnet.

Filed: 9,324,485 Assignee: Material for anisotropic magnet and method of manufacturing the same
January 6, DAIDO STEEL CO.,,
2010 LTD. Abstract

(Aichi-Ken, Japan) A material for anisotropic magnet, comprising, [presumptive composition of
Issued: matter], (1) a Pr-T-B--Ga-based composition containing Pr: 12.5 to 15.0
April 26, atomic percent, B: 4.5 to 6.5 atomic percent, Ga: 0.1 to 0.7 atomic percent, and
2016 the balance of T and inevitable impurities, wherein T is Fe or obtained by

substituting Co for a portion of the Fe; and having, (2) a degree of magnetic

Expires: alignment of 0.92 or more, wherein the degree of magnetic alignment is
January defined by remanence (Br)/saturation magnetization (Js); and (3) a crystal
2030 grain diameter of 1 .mu.m or less

What is claimed is:

1. A hot plastically deformed anisotropic magnet having aligned axes of easy
magnetization of crystal grains of the magnet, the anisotropic magnet
comprising: (a) a T-based composition consisting of R, B, Ga, and a balance of
T and inevitable impurities, wherein R is Pr or Pr that is optionally substituted
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with at least one element selected from the group consisting of Nd, Dy, and

Th; wherein an amount of R is 12.5 to 15 atomic percent; an amount of B is 4.5
to 6.5 atomic percent; and

an amount of Ga is 0.1 to 0.7 atomic percent; (b) a degree of magnetic
alignment of 0.92 or more, wherein the degree of magnetization is defined by
remanence (Br) / saturation magnetization (Js), wherein the remanence (Br) is
1.20 T or more, and a coercivity is 1600 kA/m or more; and (c) flattened
crystal grains having a crystal grain diameter of 1 um or less, and wherein R
contains at least 50 atomic percent of Pr.

2. A hot plastically deformed anisotropic magnet having aligned axes of easy
magnetization of crystal grains of the magnet, the anisotropic magnet
comprising (1) a T-based composition consisting of R, B, Ga, at least one
element selected from the group consisting of Cu and Al, and a balance of T
and inevitable impurities, wherein R is Pr or Pr that is optionally substituted
with at least one element selected from the group consisting of Nd, Dy, and
Th; wherein an amount of R is 12.5 to 15 atomic percent; an amount of B is 4.5
to 6.5 atomic percent; and an amount of Ga is 0.1 to 0.7 atomic percent;
wherein T is Fe or Fe partially substituted with Co, and having (2) a degree of
magnetic alignment of 0.92 or more, wherein the degree of magnetization is
defined by remanence (Br) / saturation magnetization (Js), wherein the
remanence is 1.20 T or more, and a coercivity is 1600 KA/m or more; and (3)
flattened crystal grains having a crystal grain diameter of 1 .mu.m or less, and
wherein R contains at least 50 atomic percent of Pr.

3. A method [presumptive process/method] of manufacturing a magnet
comprising: dissolving an alloy to form a molten alloy; rapidly-quenching the
molten alloy forming a ribbon; pulverizing the ribbon to form an alloy powder;
cold-pressing the alloy powder to form a cold-pressed body; pre-heating the
cold-pressed body under a temperature of 500.degree. C. to 850.degree. C. to
obtain a pre-heated cold-pressed body; hot-forming the pre-heated cold-
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pressed body to obtain a hot-formed body; and performing a hot plastic
deforming to the hot-formed body to form an anisotropic magnet according to
claim 1

1. A hot plastically deformed anisotropic magnet having aligned axes of easy
magnetization of crystal grains of the magnet, the anisotropic magnet
comprising: (1) a T-based composition consisting of R, B, Ga, and a balance of
T and inevitable impurities, wherein R is Pr or Pr that is optionally substituted
with at least one element selected from the group consisting of Nd, Dy, and

Th; wherein an amount of R is 12.5 to 15 atomic percent; an amount of B is 4.5
to 6.5 atomic percent;

Filed: 9,314,843 Assignee: Powder for magnet
April 13, SUMITOMO
2011 ELECTRIC Abstract
INDUSTRIES, LTD. The present invention provides a powder for a magnet which can form a rare
Issued: (Osaka, Japan) earth magnet having excellent magnetic characteristics and which has
April 19, excellent moldability, a method for producing the powder for a magnet, a
2016 powder compact, and a rare earth-iron-boron-based alloy material.
Expires: . . . .
April 2031 The invention claimed is:

1. A powder compact produced by[presumptive process/method]

compacting the powder for a magnet, comprising: each of magnetic particles
constituting the powder for the magnet being composed of [presumptive
composition of matter] less than 40% by volume of a hydrogen compound of
a rare earth element, an iron-containing material, and the balance composed of
unavoidable impurities, wherein: said hydrogen compound of the rare earth
element consists of the rare earth element and hydrogen; the iron-containing
material consists of iron and an iron-boron alloy consisting of iron and boron; a
phase of the hydrogen compound of the rare earth element and a phase of the
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iron-containing material are present adjacent to each other; the distance
between the phases of the rare earth element hydrogen compound adjacent to
each other with the phase of the iron-containing material interposed
therebetween is 3 .mu.m or less; the relative density of the powder compact is
85% or more; and the phase of the hydrogen compound is granular, and the
granular hydrogen compound of a rare earth element is dispersed in the phase
of the iron-containing material.

2. A rare earth-iron-boron-based alloy material produced by heat-treating the
powder compact according to claim 1 in an inert atmosphere or a reduced-
pressure atmosphere.

3. A rare earth-iron-boron-based alloy material produced by heat-treating the
powder compact according to claim 1 in an inert atmosphere or a reduced-
pressure atmosphere, the alloy material comprising a mixed-phase material
including a rare earth-iron-boron alloy phase and at least one phase selected
from an iron phase, an iron-boron alloy phase, or a rare earth-iron alloy phase.

4. A rare earth-iron-boron-based alloy material produced by heat-treating the
powder compact according to claim 1 in an inert atmosphere or a reduced-
pressure atmosphere while applying a magnetic field of 4 T or more, wherein
in an X-ray diffraction pattern measured for a surface having a normal
direction parallel to the direction in which the magnetic field is applied, the
relative intensity of a diffraction peak appearing at a crystal interplanar spacing
of 0.202 nm to 0.204 nm is 70 or more.

Filed: 9,299,486 Assignee: Kabushiki Permanent magnet, and motor and power generator using the same

March 13, Kaisha Toshiba

2013 (Tokyo, Japan) Abstract

Issued: In one embodiment, a permanent magnet includes a magnet main body and a
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March 29, surface portion provided on a surface of the magnet main body. The magnet

2016 main body has a composition expressed by a composition formula 1:
R(Fe.sub.p1M.sub.q1Cu.sub.r1Co.sub.1-p1-ql-rl).sub.z1. The surface portion

Expires: has a composition expressed by a composition formula 2:

March R(Fe.sub.p2M.sub.q2Cu.sub.r2Co.sub.1-p2-q2-r2).sub.z2. In the composition

2033 formulas 1 and 2, R is at least one element selected from rare earth elements,

M is at least one element selected from Ti, Zr and Hf, p1 and p2 are 0.25 to
0.45,91 and g2 are 0.01 t0 0.05, r1 and r2 are 0.01 t0 0.1, z1 is 6 to 9, and z2
satisfies 0.8.Itoreq.z2/z1.1toreq.0.995.

What is claimed is:

1. A permanent magnet, comprising [presumptive composition of matter] : a
magnet main body having a composition expressed by a composition formula
1: R(Fe.sub.p1M.sub.q1Cu.sub.riCo.sub.1-p1-q1-rl).sub.z1 where, R is at
least one element selected from rare-earth elements, M is at least one element
selected from Ti, Zr, and Hf, p1 is a number satisfying
0.25.Itoreq.p1.Itoreq.0.45 (atomic ratio), g1 is a number satisfying
0.01.1toreq.ql.1toreq.0.05 (atomic ratio), rl is a number satisfying
0.01.Itoreq.r1.ltoreq.0.1 (atomic ratio), and z1 is a number satisfying
6.ltoreq.z1.Itoreq.9 (atomic ratio); and a surface portion, provided on a surface
of the magnet main body, having a composition expressed by a composition
formula 2: R(Fe.sub.p2M.sub.q2Cu.sub.r2Co.sub.1-p2-q2-r2).sub.z2 where, R
is at least one element selected from rare-earth elements, M is at least one
element selected from Ti, Zr, and Hf, p2 is a number satisfying
0.25.Itoreq.p2.Itoreq.0.45 (atomic ratio), g2 is a number satisfying
0.01.Itoreq.g2.1toreq.0.05 (atomic ratio), r2 is a number satisfying
0.01.Itoreq.r2.1toreq.0.1 (atomic ratio), and z2 is a number satisfying
0.8.1toreq.z2/z1.Itoreq.0.995 (atomic ratio).

2. The permanent magnet according to claim 1, wherein at least part of the
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surface portion has a composition where g2 in the composition formula 2
satisfies 0.5.Itoreq.q2/q1.ltoreq.0.95.

3. The permanent magnet according to claim 1, wherein the magnet main body
comprises a metallic structure including a cell phase having a
Th.sub.2Zn.sub.17 crystal phase, and a cell wall phase surrounding the cell
phase.

4. The permanent magnet according to claim 3, wherein the magnet main body
is provided with a sintered compact comprising the metallic structure.

Filed: 9,293,252 Assignee: HITACHI R-T-B sintered magnet manufacturing method
September METALS, LTD.
29, 2011 (Tokyo, Japan) Abstract
Problem: To provide a heavy rare-earth element RH diffusion process
Issued: [presumptive process/method] that contributes greatly to mass production.
March 22, [Solution] A method for producing a sintered magnet includes the steps of:
2016 providing a sintered R-T-B based magnet body; providing an RH diffusion
source which is made of at least one of a fluoride, an oxide and an oxyfluoride
Expires: that each include Dy and/or Tb; loading the sintered R-T-B based magnet body
Sept 2031 and the RH diffusion source into a process chamber so that the magnet body

and the diffusion source are movable relative to each other and are readily
brought close to, or into contact with, each other; and performing an RH
diffusion process in which the sintered R-T-B based magnet body and the RH
diffusion source are heated to a processing temperature of 800.degree. C.
through 950.degree. C. while being moved either continuously or
discontinuously in the process chamber.

The invention claimed is:

1. A method for producing a sintered R-T-B based magnet, the method
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comprising the steps of: providing a sintered R-T-B based magnet body;
providing an RH diffusion source which is made of at least one of a fluoride,
an oxide and an oxyfluoride that each include Dy and/or Tb; loading the
sintered R-T-B based magnet body and the RH diffusion source into a process
chamber so that the magnet body and the diffusion source are movable relative
to each other and are readily brought close to, or into contact with, each other;
and performing an RH diffusion process in which the sintered R-T-B based
magnet body and the RH diffusion source are heated to a processing
temperature of 800.degree. C. through 950.degree. C. while being moved
either continuously or discontinuously in the process chamber so that the
magnet body and the diffusion source are moved relative to each other and are
brought close to, or into contact with, each other; wherein in the RH diffusion
process, the process chamber is heated by a heater that is arranged around an
outer periphery of the process chamber, the sintered R-T-B based magnet body
and the RH diffusion source that are loaded into the process chamber are also
heated, and the temperature of the sintered R-T-B based magnet body and the
RH diffusion source is maintained within a range of 800.degree. C. to
950.degree. C.; the RH diffusion process step is carried out using a stirring aid
member loaded into the process chamber; and the stirring aid member is made
of zirconia, silicon nitride, silicon carbide, boron nitride, or a ceramic that
includes any combination of zirconia, silicon nitride, silicon carbide, boron
nitride.

Filed: May | 9,287,027 Assignee: HITACHI Rare earth metal-based permanent magnet

14, 2008 METALS, LTD.
(Tokyo, Japan) Abstract
Issued:
March 15, An objective of the present invention is to provide a rare earth metal-based
2016 permanent magnet with improved adhesion properties. A rare earth metal-
based permanent magnet of the present invention as a means for achieving the
Expires: objective has a laminated plating film, and is characterized in that the plating
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May 2028 film comprises [presumptive composition of matter] as an outermost
surface layer a SnCu alloy plating film having a film thickness in a range from
0.1 .mu.m to 2 .mu.m, the composition of the SnCu alloy plating film is 35
mass % or more but less than 55 mass % of Sn and the rest being Cu, and a
base plating film having two or more layers including at least a Ni plating film
and a Cu plating film which are formed as the lower layer under the SnCu
alloy plating film, and among the base plating film, the Ni plating film is
located just below the SnCu alloy plating film. A joined structure fabricated
using the rare earth metal-based permanent magnet of the present invention
exhibits favorable initial adhesion strength when combined with a silicone-
based adhesive, and is less deteriorated in adhesion strength even after a
moisture resistance test.

The invention claimed is:

1. A rare earth metal-based permanent magnet having a laminated plating film,
characterized in that the plating film comprises as an outermost surface layer a
SnCu alloy plating film having a film thickness in a range from 0.1 .mu.m to 2
.mu.m, the composition of the SnCu alloy plating film is 35 mass % or more
but less than 55 mass % of Sn and the rest being Cu, and a base plating film
having two or more layers including at least a Ni plating film and a Cu plating
film which are formed as the lower layer under the SnCu alloy plating film,
and among the base plating film, the Ni plating film is located just below the
SnCu alloy plating film.

2. The rare earth metal-based permanent magnet as claimed in claim 1,
wherein the film thickness of the Cu plating film provided as one of the base
plating films is in a range from 3 . mu.m to 17 .mu.m.

3. The rare earth metal-based permanent magnet as claimed in claim 1,
wherein the film thickness of the Ni plating film provided as one of the base
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plating films is in a range from 2 .mu.m to 8 .mu.m.

Filed: 9,281,107 Assignee: NITTO Rare-earth permanent magnet and method for manufacturing rare-earth
March 15, DENKO permanent magnet
2012 CORPORATION

(Osaka, Japan) Abstract
Issued:
March 8, There are provided a rare-earth permanent magnet and a manufacturing
2016 method [presumptive process/method] thereof capable of preventing

deterioration of magnet properties. In the method, magnet material is milled

Expires: into magnet powder. Next, a mixture is prepared by mixing the magnet
March powder and a binder made of long-chain hydrocarbon and/or of a polymer or a
2032 copolymer consisting of monomers having no oxygen atoms. Next, the mixture

is formed into a sheet-like shape so as to obtain a green sheet. After that, the
green sheet is held for a predetermined length of time at binder decomposition
temperature in a non-oxidizing atmosphere so as to remove the binder by
causing depolymerization reaction or the like to the binder, which turns into
monomer. The green sheet from which the binder has been removed is sintered
by raising temperature up to sintering temperature. Thereby a permanent
magnet 1 is obtained.

The invention claimed is:

1. A manufacturing method of a rare-earth permanent magnet comprising steps
of: milling magnet material into magnet powder: preparing a mixture by
mixing the magnet powder and any one of three kinds of binders a binder made
of a long-chain hydrocarbon or a binder made of a polymer or a copolymer
consisting of one or more kinds of monomers selectable from possible
monomers expressed with a general formula (2) ##STR00005## (R.sub.1 and
R.sub.2 represent a hydrogen atom, a lower alkyl group, a phenyl group or a
vinyl group) or a binder obtained by mixing the long-chain hydrocarbon and
either the polymer or the copolymer; obtaining a green sheet by forming the
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mixture into a sheet-like shape, the mixture is formed by employing a hot melt
coating in which the mixture is heated to melt, and turns into a fluid state and
then is spread; removing the binder by holding the green sheet for a
predetermined length of time at binder decomposition temperature in a non-
oxidizing atmosphere so that a residual carbon content contained in the
permanent magnet after sintering is 1500 ppm or less and a residual oxygen
content contained in the permanent magnet after sintering is 2000 ppm or less;
and sintering the green sheet from which the binder has been removed by
raising temperature up to sintering temperature.

Filed: July | 9,281,105 Assignee: Toyota Permanent magnet and method of producing permanent magnet
13, 2011 Jidosha Kabushiki
Kaisha (Toyota-shi, Abstract

Issued: Aichi-ken, Japan) A permanent magnet has a grain structure that includes a main phase and a
March 8, grain boundary phase that is primarily composed of a first metal. A second
2016 metal that enhances the coercivity of the permanent magnet and a third metal

that has a lower standard free energy of oxide formation than the first metal
Expires: and the second metal are diffused in the permanent magnet, and the third metal
July 2031 is present in the form of an oxide in the grain boundary phase.

The invention claimed is:

1. A permanent magnet that has a grain structure that comprises [presumptive
composition of matter] a main phase and a grain boundary phase which is
primarily composed of a first metal, the permanent magnet wherein a second
metal that enhances the coercivity of the permanent magnet and a third metal
that has a lower standard free energy of oxide formation than the first metal
and the second metal are diffused in the permanent magnet, and the third metal
is present in the form of an oxide in the grain boundary phase; wherein the
second metal does not form an oxide; wherein the third metal is substantially
not present in the main phase; and wherein the third metal oxide is present at
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triple points where three regions of the grain boundary phases meet.

2. The permanent magnet according to claim 1, wherein the first metal is
neodymium or praseodymium.

3. The permanent magnet according to claim 2, wherein the second metal is
any one of dysprosium, terbium or holmium, and the third metal is either
yttrium or scandium.

4. A permanent magnet that has a grain structure that comprises a main phase
and a grain boundary phase which is primarily composed of a first metal, the
permanent magnet comprising: a second metal that enhances the coercivity of
the permanent magnet; and a third metal that has a lower standard free energy
of oxide formation than the first metal and the second metal, wherein: both
densities of the second metal and the third metal are richer in the grain
boundary phase than in the main phase; and the third metal is present in the
form of an oxide in the grain boundary phase; wherein the second metal does
not form an oxide; wherein the third metal is substantially not present in the
main phase; and wherein the third metal oxide is present at triple points where
three regions of the grain boundary phases meet.

5. A permanent magnet that has a grain structure composed of a main phase
and a grain boundary phase, comprising: a first metal as a primary metal that
composes the main phase; a second metal that is diffused in the permanent
magnet and enhances coercivity of the permanent magnet; and a third metal,
which is diffused in the permanent magnet and has a lower standard free
energy of oxide formation than the first metal and the second metal, wherein
the third metal is present in the form of an oxide in the grain boundary phase;
wherein the second metal does not form an oxide; wherein the third metal is
substantially not present in the main phase; and wherein the third metal oxide
is present at triple points where three regions of the grain boundary phases
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meet.
Filed: 9,275,795 Assignee: HITACHI Corrosion-resistant magnet and method for producing the same
November METALS, LTD.
25,2013 (Tokyo, Japan) Abstract
An object of the present invention is to provide an R--Fe--B based sintered
Issued: magnet having on a surface thereof a chemical conversion film with higher
March 1, corrosion resistance than a conventional chemical conversion film such as a
2016 phosphate film, and a method for producing the same. The corrosion-resistant
magnet of the present invention as a means for achieving the object is
Expires: characterized by comprising a chemical conversion film containing at least Zr,
November Nd, fluorine, and oxygen as constituent elements and not containing
2033 phosphorus directly on a surface of an R--Fe--B based sintered magnet,

wherein R is a rare-earth element including at least Nd.

The invention claimed is:

1. A method for producing [presumptive process/method] a corrosion-
resistant magnet, characterized in that a chemical conversion film containing at
least Zr, Nd, Fe, fluorine, and oxygen as constituent elements and not
containing phosphorus is formed on a surface of an R--Fe--B based sintered
magnet, wherein R is a rare-earth element including at least Nd.

2. A method for producing a corrosion-resistant magnet, characterized in that
an R--Fe--B based sintered magnet, wherein R is a rare-earth element
including at least Nd, is subjected to a heat treatment at a temperature range of
450.degree. C. to 900.degree. C., and then a chemical conversion film
containing at least Zr, Nd, fluorine, and oxygen as constituent elements and not
containing phosphorus is formed on a surface thereof.

3. A production method according to claim 2, characterized in that the heat
treatment is performed with the magnet being housed in a heat-resistant box.
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Filed: July | 9,275,794 Assignee: HITACHI Corrosion-resistant magnet and method for producing the same
30, 2009 METALS, LTD.

(Tokyo, Japan) Abstract
Issued: An object of the present invention is to provide an R--Fe--B based sintered
March 1, magnet that exhibits excellent corrosion resistance and maintains excellent
2016 adhesion strength to an adherend even under severe conditions, and a method
for producing the same. A corrosion-resistant magnet of the present invention
Expires: as a means for achieving the object is characterized by comprising a chemical
July 2029 conversion film containing at least Zr, V, Al, fluorine, and oxygen as

constituent elements and not containing phosphorus over a surface of an R--Fe-
-B based sintered magnet with a film made of Al or an alloy thereof
therebetween.

The invention claimed is:

1. A method for producing [presumptive process/method ] a corrosion-
resistant magnet characterized by comprising vapor depositing a film made of
Al or an alloy thereof on a surface of an R--Fe--B based sintered magnet at a
first average film formation rate set at 0.1 .mu.m/min to 0.4 .mu.m/min until
one-third of a desired film thickness is reached and then at a second average
film formation rate of 0.2 .mu.m/min to 1 .mu.m/min, the second average film
formation rate being always higher than the first average film formation rate,
and then forming, on the surface of the deposited film, a chemical conversion
film containing at least Zr, V, Al, fluorine, and oxygen as constituent elements
and not containing phosphorus, wherein the corrosion-resistant magnet is
characterized in that a region of an outer-surface-side half of the thickness of
the chemical conversion film has a higher Zr content than a region of a
magnet-side half of the thickness of the chemical conversion film
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Filed: 9,272,955 Assignee: Ferrite magnetic material
July 5, TDK CORPORATION
2010 (Tokyo, Japan) Abstract
An object of the present invention is to provide a ferrite magnetic material
Issued: capable of providing a permanent magnet in which high Br and HcJ are kept,
March 1, and which has a high Hk/HcJ. A ferrite magnetic material in accordance with a
2016 preferred embodiment has a ferrite phase having a hexagonal structure and has
a main composition represented by Ca.sub.1-w-x-
Expires: yR.sub.wSr.sub.xBa.sub.yFe.sub.zM.sub.mO.sub.19 (R is at least one element
July 2030 of rare earth elements (including Y) essentially including La, and Bi, and M is

at least one element of Co, Mn, Mg, Ni, Cu, and Zn essentially including Co),
where 0.25<w<0.65, 0.01<x<0.45, 0.0002<y<0.011, y<x, 8<z<11,
1.0<w/m<2.5, and 0.017<m/z<0.065 are satisfied. The total amount of a Si
component is 0.1 to 3 mass % based on the amount of the main composition,
and respective elements satisfy the relationship of 1.5.1toreq.[(Ca+R+Sr+Ba)-
(Fe+M)/12]/Si.ltoreq.3.5.

The invention claimed is:

1. A ferrite magnetic material [presumptive composition of matter] having a
main phase comprising a ferrite phase having a hexagonal structure, wherein
the ferrite magnetic material has a main composition represented by the
following formula (1): Ca.sub.1-w-x-
yR.sub.wSr.sub.xBa.sub.yFe.sub.zM.sub.mO.sub.19 (1) (where in the formula
(1), R is at least one element selected from the group consisting of rare earth
elements (including Y) and Bi, and includes at least La, and M is at least one
element selected from the group consisting of Co, Mn, Mg, Ni, Cu, and Zn,
and includes at least Co), w, X, Y, z, and m in the formula (1) satisfying the
following formulae (2), (3), (4), (5), (6), (7), (8), and (10): 0.25<w<0.65 (2)
0.05.Itoreq.x<0.2 (3) 0.0002<y<0.011 (4) y<x (5) 8<z<11 (6) 1.0<w/m<2.5 (7)
0.017<m/z<0.065 (8), and 0.05<(1-w-x-y)<0.59 (10), the ferrite magnetic
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material includes at least a Si component as a sub-component, the total amount
of the Si component being 0.1 to 3 mass % based on the amount of the main
composition, and the mole ratios of Ca, R, Sr, Ba, Fe, M, and Si satisfy the
following formula (9): 1.5.Itoreq.[(Ca+R+Sr+Ba)-(Fe+M)/12]/Si.ltoreq.3.5. (9)

2. A magnet comprising the ferrite magnetic material according to claim 1, the
magnet having an arc segment shape, and having a central angle of the shape
of 30.degree. or more.

3. The magnet according to claim 2, wherein the central angle is 60.degree. or

more
Filed: 9,267,217 Assignee: Production method for R--Fe--B based sintered magnet having plating film on
January 4, HITACHI METALS, surface thereof
2012 LTD. (Tokyo, Japan)
Abstract
Issued: An object of the present invention is to provide a production method for an R--
February Fe--B based sintered magnet having a plating film excellent in adhesiveness on
23, 2016 the surface thereof, by conducting a series of processes of acid cleaning and
smut removal as pretreatments of an R--Fe--B based sintered magnet, and the
Expires: subsequent plating treatment effectively without causing trouble. The
Jan 2032 production method of the present invention includes a series of processes of

acid cleaning and smut removal of a magnet as pretreatments, and the
subsequent plating treatment is conducted consistently with a state, in which
the magnet is placed in a barrel made of synthetic resin. The smut removal is
conducted by ultrasonic cleaning of the magnet with rotating the barrel in
water in which the dissolved oxygen amount is set to 0.1 ppm to 6 ppm by
degassing.

The invention claimed is:
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1. A production method [presumptive process/method] for an R--Fe--B
based sintered magnet having a plating film on the surface thereof, wherein a
series of processes of acid cleaning and smut removal of a magnet as
pretreatments of a plating treatment, and the subsequent plating treatment is
conducted consistently with a state, in which the magnet is placed in a barrel
made of synthetic resin, and wherein the smut removal is conducted by
ultrasonic cleaning of the magnet with rotating the barrel in water in which a
dissolved oxygen amount is set to 0.1 ppm to 6 ppm by performing a
degassing.

2. The production method described in claim 1, wherein an oscillation
frequency of ultrasonic wave in the ultrasonic cleaning is set to 20 kHz to 100
kHz.

3. The production method described in claim 1, wherein the pH of a plating
bath in the plating treatment is 9 or more.

Filed: 9,257,227 Assignee: Method for manufacturing rare-earth magnet
Jan 25, TOYOTA JIDOSHA
2013 KABUSHIKI Abstract

KAISHA (Aichi, JP) Provided is a manufacturing method of a rare-earth magnet with high coercive
Issued: force, including a first step of pressing-forming powder as a rare-earth magnet
February 9, material to form a compact S, the powder including a RE-Fe--B main phase
2016 MP (RE: at least one type of Nd and Pr) and a RE-X alloy (X: metal element)

grain boundary phase surrounding the main phase; and second step of bringing

Expires: a modifier alloy M into contact with the compact S or a rare-earth magnet
Jan 2033 precursor C obtained by hot deformation processing of the compact S,

followed by heat treatment to penetrant diffuse melt of the modifier alloy M
into the compact S or the rare-earth magnet precursor C to manufacture the
rare-earth magnet RM, the modifier alloy including a RE-Y (Y: metal element
and not including a heavy rare-earth element) alloy having a eutectic or a RE-
rich hyper-eutectic composition.
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What is claimed is:

1. A method for manufacturing [presumptive process/method] a rare-earth
magnet, comprising the steps of: first step of pressing-forming powder as a
rare-earth magnet material to form a compact, the powder including a RE-Fe-B
main phase and a RE-X alloy grain boundary phase surrounding the main
phase, wherein RE is at least one type of Nd and Pr, and X is a metal element;
and second step of bringing a modifier alloy into contact with the compact,
followed by heat treatment to penetrant-diffuse melt of the modifier alloy into
the compact to manufacture the rare-earth magnet, the modifier alloy including
a Nd--Pr--Cu alloy or a Nd--Pr--Al alloy as an alloy having a eutectic
composition including Nd and Pr or a Nd, Pr-rich hyper-eutectic composition,
and the heat treatment in the second step is performed at a temperature in a
range of from 480 to 580.degree. C.

Filed: 9,245,674 Assignee: Rare-earth permanent magnetic powder, bonded magnet, and device
March 28, Grirem Advanced comprising the same
2011 Materials Co., Ltd.
(Beijing, China) Abstract

Issued: A rare-earth permanent magnetic powder, a bonded magnet, and a device
January 26, comprising the bonded magnet are provided. The rare-earth permanent
2016 magnetic powder is mainly composed of 7-12 at % of Sm, 0.1-1.5 at % of M,

10-15 at % of N, 0.1-1.5 at % of Si, and Fe as the balance, wherein M is at
Expires: least one element selected from the group of Be, Cr, Al, Ti, Ga, Nb, Zr, Ta,
March Mo, and V, and the main phase of the rare-earth permanent magnetic powder
2031 is of TbCu.sub.7 structure. Element Si is added into the rare-earth permanent

magnetic powder for increasing the ability of SmFe alloy to from amorphous
structure, and for increasing the wettability of the alloy liquid together with the
addition of element M in a certain content, which enables the alloy liquid
prone to be injected out of a melting device. The average diameter of the rare-
earth permanent magnetic powder is in the range of 10-100 .mu.m, and the
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rare-earth permanent magnetic powder is composed of nanometer crystals
with average grain size of 10-120 nm or amorphous structure.

What we claim is:

1. A rare-earth permanent magnetic powder, wherein the rare-earth permanent
magnetic powder consists essentially [presumptive composition of matter] of
7.about.12 at % 0 of Sm, Fe, M, 0.1.about.1.5 at % Si and 5.about.20 at % of
N, Fe is as the balance, M consists essentially of 0.1.about.3 at % of Zr and
0.1.about.1.5 at % of R, wherein R is selected from the group consisting of Be,
Cr, Al, Ti, Ga, Nb, Ta, Mo, and V, part of element Sm in the rare-earth
permanent magnetic powder is replaced by other rare-earth elements and the
other rare-earth accounts for 0.about.10 at %, part of element Fe in the rare-
earth permanent magnetic powder is replaced by element Co and Co accounts
for 0.about.30 at %, and at least 80 vol % of the rare-earth permanent magnetic
powder is ThCu.sub.7 phase, and wherein the atomic ratio of R to Zr is in the

range of 0.05.about.0.5.
Filed: 9,242,296 Assignee: Rare earth magnet material and method for producing the same
September KABUSHIKI
10, 2010 KAISHA TOYOTA Abstract

CHUO KENKYUSHO

Issued: (Nagakute, Japan) A method for producing a rare earth magnet material which allows efficient Dy
January 26, or the like diffusion into an inside thereof. This method includes a preparation
2016 step of preparing a powder mixture of magnet powder including one or more

rare earth elements including neodymium, boron, and the remainder being
Expires: iron; and neodymium fluoride powder; a heating step of heating a compact of
September the powder mixture and causing oxygen around magnet powder particles to
2030 react with the fluoride powder, thereby obtaining a lump rare earth magnet

material in which neodymium oxyfluoride is wholly distributed. The fluoride
powder traps oxygen enclosed in the powder mixture and fixes the oxygen as
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stable NdOF. When Dy is diffused into this rare earth magnet material, Dy
smoothly enters into its inside without being oxidized at grain boundaries.
Consequently, coercivity of the entire rare earth magnet material can be
efficiently increased without wasting scarce Dy

The invention claimed is:

1. A method for producing a rare earth magnet material, [presumptive
process/method]:comprising: a preparation step of preparing a powder
mixture of: magnet powder being powder of a magnet alloy comprising a first
rare earth element (hereinafter referred to as "R1") which is one or more rare
earth elements, boron (B), and the remainder being iron (Fe) and inevitable
impurities with or without a reforming element; and fluoride powder being
powder of a fluoride, at least one of the magnet powder and the fluoride
powder containing neodymium (Nd); a heating step of heating a compact of
the powder mixture, thereby obtaining a lump rare earth magnet material in
which neodymium oxyfluoride which is a reaction product of oxygen or an
oxide in the vicinity of particles of the magnet powder and the fluoride is
distributed over all parts including not only a surface part but also an inner part
thereof; and a diffusing step of diffusing a diffusing element comprising a third
rare earth element (hereinafter referred to as "R3") which is one or more rare
earth elements, from a surface to the inner part of the rare earth magnet
material, wherein the diffusing element is dysprosium (Dy) or terbium (Tb), a
ratio of fluoride powder to be mixed in the magnet powder relative to 100
atomic % of the total powder mixture is 0.1 to 10 atomic %, and the preparing
step comprises adjusting the amount of the fluoride powder to be mixed in the
powder mixture in accordance with an estimated amount of oxygen atoms to
be contained in the rare earth magnet material

Filed: 9,230,733 Assignee: TOYOTA Method for manufacturing rare-earth magnet
January 25, JIDOSHA
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2013 KABUSHIKI Abstract

KAISHA Provided is a manufacturing method of a rare-earth magnet with high coercive
Issued: force, including a first step of pressing-forming powder as a rare-earth magnet
January 5, (Aichi, Japan) material to form a compact S, the powder including a RE-Fe--B main phase
2016 MP (RE: at least one type of Nd and Pr) and a RE-X alloy (X: metal element)

grain boundary phase surrounding the main phase; and second step of bringing

Expires: a modifier alloy M into contact with the compact S or a rare-earth magnet
January precursor C obtained by hot deformation processing of the compact S,
2033 followed by heat treatment to penetrant diffuse melt of the modifier alloy M

into the compact S or the rare-earth magnet precursor C to manufacture the
rare-earth magnet RM, the modifier alloy including a RE-Y (Y: metal element
and not including a heavy rare-earth element) alloy having a eutectic or a RE-
rich hyper-eutectic composition.

What is claimed is:

1. A method [presumptive process/method]: for manufacturing a rare-earth
magnet, comprising the steps of: first step of pressing-forming powder as a
rare-earth magnet material to form a compact, the powder including a RE-Fe-
B main phase and a RE-X alloy grain boundary phase surrounding the main
phase, wherein RE is at least one type of Nd and Pr, and X is a metal element;
and second step of bringing a modifier alloy into contact with the compact,
followed by heat treatment to penetrant-diffuse melt of the modifier alloy into
the compact to manufacture the rare-earth magnet, the modifier alloy
including a Nd--Pr--Cu alloy or a Nd--Pr--Al alloy as an alloy having a
eutectic composition including Nd and Pr or a Nd, Pr-rich hyper-eutectic
composition, and the heat treatment in the second step is performed at a
temperature in a range of from 480 to 580.degree. C

Filed: July | 9,230,721 Assignee: Method for preparing R-Fe-B-based rare earth magnetic powder for a bonded
1, 2011 Korea Institute of magnet, magnetic powder prepared by the method, method for producing a
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Machinery and bonded magnet using the magnetic powder, and bonded magnet produced by
Issued: Materials the method
January 5,
2016 (Daejeon, Korea) Abstract
A method of preparing R--Fe--B-based rare earth magnetic powder for a
Expires: bonded magnet and magnetic powder prepared thereby, and a method of
July 2031 manufacturing a bonded magnet using magnetic powder and a bonded magnet

manufactured thereby. Further, a method of preparing R--Fe--B-based rare
earth magnetic powder having improved magnetic properties including
grinding rare earth sintered magnet products as a raw material, performing a
hydrogenation process where a ground product is charged into a furnace, and
the furnace is then filled with hydrogen and a temperature of the furnace is
increased, performing a disproportionation process where the temperature of
the furnace is further increased in the same hydrogen atmosphere above,
performing a desorption process where hydrogen is exhausted from an inside
of the furnace, and performing a recombination process where hydrogen in the
inside of the furnace is exhausted, and magnetic powder prepared thereby, and
a method of manufacturing a bonded magnet.

The invention claimed is:

1. A method of preparing [presumptive process/method] R--Fe--B-based rare
earth magnetic powder having improved magnetic properties, the method
comprising: coarse grinding rare earth sintered magnet products as a raw
material; performing a hydrogenation process in which a ground product
obtained through the coarse grinding is charged into a tube furnace, and the
tube furnace is then filled with hydrogen and a temperature of the tube furnace
is increased; performing a disproportionation process in which the temperature
of the tube furnace is further increased in the same hydrogen atmosphere as
that of the hydrogenation process; performing a desorption process in which
hydrogen is exhausted from an inside of the tube furnace; and performing a
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recombination process in which hydrogen in the inside of the tube furnace is
vacuum exhausted after the desorption process is performed, wherein the
recombination process is performed after the desorption process and the
disproportionation process and desorption process are repeated one time.

2. The method as set forth in claim 1, wherein the rare earth sintered magnet
products, are process scraps generated during manufacturing processes of rare
earth magnets and R--Fe--B-based rare earth sintered magnet products
recovered from defective products or wasted products.

Filed: May | 9,224,526 Assignee: Utron Magnet construction by combustion driven high compaction
24, 2011 Kinetics, LLC
Abstract
Issued: (Manassas, VA
December USA) A neo magnet is constructed by mixing a neo magnet powder with about 1%
29, 2015 added two-part electrical insulating resin powder. The mixed powders are
placed in a die and precompacted under about 20 tsi when filling a combustion
Expires: chamber with a pressurized combustible gas and air mixture. The gas is ignited
May 2031 and rapidly drives a punch in to the die forming a solid magnet having a

density of 6.1 g/cm.sup.3 or more. The solid magnet is heat treated to cure the
resin and is coated with a polymer, zinc, aluminum or gold. Before
precompacting a lubricated core rod in place in the die producing a thin-
walled, neo ring magnet having a length to wall thickness aspect ratio.

We claim;

1. Composition [presumptive composition of matter], comprising a compact
thin walled rare earth magnet made of a composite powder and 1% by weight
of epoxy resin precompressed at about 20 tons per square inch and compressed
at 150 tons per square inch to a density greater than or equal to 6.1
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grams/cm.sup.3 and heat treated to a curing temperature of the resin, wherein
the composite powder comprises a samarium--cobalt alloy powder, wherein
powder comprises about 85-95% by weight 4,4'-1sopropylidenediphenol-
epichlorohydrin polymer and about 1-10% by weight cyanoguanidine.

2. The composition of claim 1, wherein the magnet is coated with zinc, nickel
or gold plating.

3. The composition of claim 1, wherein the magnet has a ring shape and has a
length to wall thickness aspect ratio of about 16.7 or more and a density of
about 6.10 g/cm.sup.3 or more

Filed: 9,212,409 Assignee: Mixture of powders for preparing a sintered nickel-titanium-rare earth metal
January 18, Cook Medical (Ni-Ti-RE) alloy
2013 Technologies LLC
(Bloomington, IN, Abstract
Issued: USA)
December A mixture of powders for preparing a sintered nickel-titanium-rare earth (Ni--
15, 2015 University of Limerick | Ti--RE) alloy includes Ni--Ti alloy powders comprising from about 55 wt. %
(Limerick, Ireland) Ni to about 61 wt. % Ni and from about 39 wt. % Ti to about 45 wt. % Ti, and
Expires: RE alloy powders comprising a RE element.
January
2033 The invention claimed is:

1. A mixture of powders [presumptive composition of matter], for preparing
a sintered nickel-titanium-rare earth (Ni--Ti--RE) alloy, the mixture
comprising: Ni--Ti alloy powders comprising from about 55 wt. % Ni to about
61 wt. % Ni and from about 39 wt. % Ti to about 45 wt. % Ti and comprising a
mixture of first and second binary alloy powders of different weight
percentages of Ni and Ti; and RE alloy powders comprising a RE element.
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2. The mixture of claim 1, wherein the first binary alloy powders comprise
about 56 wt. % Ni and about 44 wt. % Ti and the second binary alloy powders
comprise about 60 wt. % Ni and about 40 wt. % Ti.

3. The mixture of claim 1, wherein a weight ratio of the first binary alloy
powders to the second binary alloy powders is from about 70:30 to about
30:70.

4. The mixture of claim 3, wherein a weight ratio of the first binary alloy
powders to the second binary alloy powders is about 40:60 to about 50:50.

5. The mixture of claim 1, wherein the RE alloy powders comprise at least one
additional element.

6. The mixture of claim 5, wherein the at least one additional element is a
dopant element or an additional alloying element selected from the group
consisting of: B, Al, Cr, Mn, Fe, Ni, Co, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Tc, Ru,
Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg, TI, Pb, Bi, Po, V,
other rare earth elements, and Y.

16. A method of forming a sintered nickel-titanium-rare earth (Ni--Ti--RE)
alloy, the method including: adding Ni--Ti alloy powders and RE alloy
powders to a powder consolidation unit including an electrically conductive
die and punch connectable to a power supply, the Ni--Ti alloy powders
including from about 55 wt. % Ni to about 61 wt. % Ni and from about 39 wt.
% Ti to about 45 wt. % Ti and comprising a mixture of first and second binary
alloy powders of different weight percentages of Ni and Ti, the RE alloy
powders including a RE element; heating the powders to a sintering
temperature of from about 730.degree. C. to about 840.degree. C.; applying a
pressure of from about 60 MPa to about 100 MPa to the powders at the
sintering temperature; and forming a sintered Ni--Ti--RE alloy.
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20. The method of claim 16, further including hot working the sintered Ni--Ti-
-RE alloy at a temperature of at least about 730.degree. C. to form a hot
worked Ni--Ti--RE alloy component, and further including cold drawing the
hot worked Ni--Ti--RE alloy component to form a Ni--Ti--RE alloy wire
having a diameter of about 2 mm or less.

Filed: May | 9,196,403 Assignee: Powder for magnetic member, powder compact, and magnetic member
10, 2011 SUMITOMO
ELECTRIC Abstract
Issued: INDUSTRIES, LTD.
November (Osaka, Japan) The present invention provides a powder for a magnetic member being
24, 2015 excellent in moldability and difficult to oxidize, a powder compact produced
from the powder, and a magnetic member suitable for a raw material of a
Expires: magnetic member such as a rare earth magnet. A powder for a magnetic
May 2031 member includes magnetic particles 1 which constitute the powder for a

magnetic member and each of which is composed of less than 40% by volume
of a hydrogen compound 3 of a rare earth element, and the balance composed
of an iron-containing material 2 which contains iron and an iron-boron alloy
containing iron and boron. The hydrogen compound 3 of a rare earth element
is dispersed in a phase of the iron-containing material 2. An antioxidant layer 4
having a low-oxygen permeability coefficient is provided on the surface of
each of the magnetic particles.

The invention claimed is:

1. A powder [presumptive composition of matter]for a magnetic member
used for a raw material, the powder comprising: magnetic particles which
constitute the powder for a magnetic member, wherein: each of the magnetic
particles is composed of less than 40% by volume of a hydrogen compound of
a rare earth element, and the balance composed of an iron-containing material,
the iron-containing material contains iron and an iron-boron alloy containing
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iron and boron, the hydrogen compound of a rare earth element is dispersed in
a phase of the iron-containing material, an antioxidant layer having an oxygen
permeability coefficient (30.degree. C.) of less than 1.0.times.10.sup.-11
m.sup.3m/(sm.sup.2Pa) is provided on the periphery of each of the magnetic
particles, the antioxidant layer is composed of a resin, the rare earth element is
at least one selected from the group consisting of Nd, Pr, Ce, and Y, a heat-
resistant precursor layer is provided on the surface of each of the magnetic
particles, and the heat-resistant precursor layer includes a rare earth source
material composed of at least one of a compound and an alloy which contains
at least one rare earth element of Dy and Tb and does not contain oxygen, and
the antioxidant layer which covers at least a portion of the rare earth source
material.

7. The powder for a magnetic member according to claim 1, wherein the rare
earth source material is at least one selected from the group consisting of
hydrides, iodides, fluorides, chlorides, bromides, intermetallic compounds, and
alloys thereof.

8. The powder for a magnetic member according to claim 1, wherein the rare
earth source material is granular, and particles of the source material are fixed
to the surface of each of the magnetic particles through the antioxidant layer

Filed: 9,190,196 Assignee: TOYOTA Rare earth magnet and manufacturing method therefor
December JIDOSHA
16, 2010 KABUSHIKI Abstract
KAISHA

Issued: A rare earth magnet of the invention has a composition represented by the
November (Aichi-ken, Japan) compositional formula R.sub.aH.sub.bFe.sub.cCo.sub.dB.sub.eM.sub.f,
17, 2015 where: R is at least one rare earth element including Y; H is at least one heavy

rare earth element from among Dy and Th; M is at least one element from
Expires: among Ga, Zn, Si, Al, Nb, Zr, Ni, Cu, Cr, Hf, Mo, P, C, Mg, and V;
December 13.Itoreq.a.ltoreq.20; 0.ltoreq.b.Itoreq.4; c=100-a-b-d-e-f; 0.ltoreq.d.ltoreq.30;
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2030 4.Itoreq.e.ltoreq.20; 0.ltoreq.f.Itoreq.3, and has a structure constituted by a
main phase: a (RH).sub.2(FeCo).sub.14B phase, and a grain boundary phase: a
(RH)(FeCo).sub.4B.sub.4 phase and a RH phase, with a crystal grain size of
the main phase of 10 nm to 200 nm.

The invention claimed is:

1. A rare earth magnet comprising [presumptive composition of matter] : a
composition represented by the compositional formula
R.sub.aH.sub.bFe.sub.cCo.sub.dB.sub.eM.sub.f, where: a, b, ¢, d, e and f are
atomic percentages; R is at least one rare earth element including Y; H is at
least one heavy rare earth element from among Dy and Tb; M is at least one
element from among Ga, Zn, Si, Al, Nb, Zr, Ni, Cu, Cr, Hf, Mo,P, C, Mg, and
V; 13.1toreq.a.ltoreq.20; 0.ltoreq.b.ltoreq.4; c=100-a-b-d-e-f;
0.Itoreq.d.Itoreq.30; 4.Itoreq.e.ltoreq.20; 0.Itoreq.f.Itoreq.3, and including a
structure constituted by a main phase: a (RH).sub.2(FeCo).sub.14B phase, and
a grain boundary phase: a (RH)(FeCo).sub.4B.sub.4 phase and a RH phase,
with a crystal grain size of the main phase of 10 nm to 200 nm, wherein when
a volume of the grain boundary phase to the earth magnet is within a range of
from greater than 0% to less than 15%, a ratio of a volume the
(RH)(FeCo).sub.4B.sub.4 phase to a volume of the grain boundary phase is
within a range of from greater than 0% to less than 50%, when the volume
fraction of the grain boundary phase to the rare earth magnet is 15% to 23%,
the ratio of the volume of the (RH)(FeCo).sub.4B.sub.4 phase to the volume of
the grain boundary phase is 15% to 80%, and when the volume fraction of the
grain boundary phase to the rare earth magnet is more than 23%, the ratio of
the volume of the (RH)(FeCo).sub.4B.sub.4 phase to the volume of the grain
boundary phase is 30% to 80%.

6. A method for manufacturing a rare earth magnet, comprising: rapidly
cooling and solidifying an alloy melt including a composition represented by
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the compositional formula R.sub.aH.sub.bFe.sub.cCo.sub.dB.sub.eM.sub.f,
where: a, b, ¢, d, e and f are atomic percentages; R is at least one rare earth
element including Y; H is at least one heavy rare earth element from among
Dy and Th; M is at least one element from among Ga, Zn, Si, Al, Nb, Zr, Ni,
Cu, Cr, Hf, Mo, P, C, Mg, and V; 13.ltoreg.a.ltoreq.20; 0.ltoreq.b.ltoreq.4;
c=100-a-b-d-e-f; 0.Itoreq.d.ltoreq.30; 4.1toreq.e.ltoreq.20; 0.ltoreq.f.ltoreq.3,
thereby creating a structure constituted by a main phase: a
(RH).sub.2(FeCo).sub.14B phase, and a grain boundary phase: a
(RH)(FeCo).sub.4B.sub.4 phase and a RH phase, with a crystal grain size of
the main phase of 10 nm to 200 nm, wherein when a volume fraction of the
grain boundary phase to the rare earth magnet is within a range of from greater
than 0% to less than 15%, a ratio of a volume the (RH)(FeCo).sub.4B.sub.4
phase to a volume of the grain boundary phase is within a range of from
greater than 0% to less than 50%, when the volume fraction of the grain
boundary phase to the rare earth magnet is 15% to 23%, the ratio of the volume
the (RH)(FeCo).sub.4B.sub.4 phase to the volume of the grain boundary phase
is 15% to 80%, and when the volume fraction of the grain boundary phase to
the rare earth magnet is more than 23%, the ratio of the volume the
(RH)(FeCo).sub.4B.sub.4 phase to the volume of the grain boundary phase is

30% to 80%
Filed: May | 9,177,705 Assignee: Sintered rare earth magnet, method of producing the same, and rotating
25, 2012 TDK CORPORATION | machine
(Tokyo, Japan)
Issued: Abstract
November A sintered rare earth magnet rotating machine and method improve
3, 2015 temperature properties and strength having an excellent corrosion resistance.
The sintered rare earth magnet includes at least a main phase composed of
Expires: R.sub.2T.sub.14B (R represents at least one rare earth element of Nd, Pr or
May 2032 both and T represents at least one transition metal element including Fe or Fe

and Co) compound and a grain boundary phase containing a higher proportion
of R than the main phase, wherein the main phase includes a heavy rare earth
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element (one of Dy, Tb or both), at least part of main phase grains of the main
phase included in the sintered rare earth magnet includes at least the
following regions, low, high and intermediate concentration regions. These
regions exist in order of low, high, and intermediate concentration regions,
from low concentration region towards the grain boundary phase in the main
phase grains.

The invention claimed is:

1. A sintered rare earth magnet, comprising : [presumptive composition of
matter] a main phase composed of R.sub.2T.sub.14B, where: R comprises as a
main component one or more rare earth element selected from: Nd, Pr, and Nd
and Pr, and T represents one or more transition metal element selected from:
Fe, and Fe and Co; and a grain boundary phase containing a higher proportion
of R than the main phase; wherein: the main phase includes one or more heavy
rare earth element selected from: Dy, Tb, and Dy and Tb; at least a part of
main phase grains of the main phase includes at least three regions where the
concentration of the heavy rare earth elements differs, the three regions being:
a low concentration region where the concentration of the heavy rare earth
elements is the lowest in three regions, a high concentration region where the
concentration of the heavy rare earth elements is the highest in three regions,
and an intermediate concentration region where the concentration of the heavy
rare earth elements is higher than the low concentration region and is lower
than the high concentration region, the three regions exist in order of the low
concentration region, the high concentration region, and the intermediate
concentration region, from the low concentration region in the main phase
grain toward the grain boundary phase; an area ratio of the high concentration
region with respect to the main phase is from 1 to 35%; main phase grains
wherein the high concentration region contacts an overall periphery of the low
concentration region and the intermediate concentration region contacts an
overall periphery of the high concentration region exist at 5% or more in the
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sintered rare earth magnet, an average concentration value of the heavy rare
earth element in the intermediate concentration region is determined as the
average concentration value of the heavy rare earth element from the
maximum concentration of the heavy rare earth element to the grain boundary
phase, and a value of the following formula (A) is in a range of 0.2 to 0.8:
(.gamma.-.alpha.)/(.beta.-.alpha.) (A) where: .alpha.=the minimum
concentration of the heavy rare earth element in the main phase, .beta.=the
maximum concentration of the heavy rare earth element in the main phase, and
.gamma.=the average concentration value of the heavy rare earth element in
the intermediate concentration region.

5. A sintered rare earth magnet, comprising: a main phase composed of
R.sub.2T.sub.14B, where: R comprises as a main component one or more rare
earth element selected from: Nd, Pr, and Nd and Pr, and T represents one or
more transition metal element selected from: Fe, and Fe and Co; and a grain
boundary phase containing a higher proportion of R than the main phase;
wherein: the main phase includes one or more heavy rare earth element
selected from: Dy, Th, and Dy and Tb; at least a part of main phase grains of
the main phase includes at least three regions where the concentration of the
heavy rare earth elements differs, the three regions being: a low concentration
region where the concentration of the heavy rare earth elements is the lowest in
three regions, a high concentration region where the concentration of the heavy
rare earth elements is the highest in three regions, and an intermediate
concentration region where the concentration of the heavy rare earth elements
is higher than the low concentration region and is lower than the high
concentration region, the three regions exist in order of the low concentration
region, the high concentration region, and the intermediate concentration
region, from the low concentration region in the main phase grain toward the
grain boundary phase; an average area ratio of the high concentration region
with respect to the main phase is 5% or more; main phase grains wherein the
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high concentration region contacts an overall periphery of the low
concentration region and the intermediate concentration region contacts an
overall periphery of the high concentration region exist at 5% or more in the
sintered rare earth magnet, an average concentration value of the heavy rare
earth element in the intermediate concentration region is determined as the
average concentration value of the heavy rare earth element from the
maximum concentration of the heavy rare earth element to the grain boundary
phase, and a value of the following formula (A) is in a range of 0.2 to 0.8:
(.gamma.-.alpha.)/(.beta.-.alpha.) (A) where: .alpha.=the minimum
concentration of the heavy rare earth element in the main phase, .beta.=the
maximum concentration of the heavy rare earth element in the main phase, and
.gamma.=the average concentration value of the heavy rare earth element in
the intermediate concentration region.

Filed: 9,175,376 Assignee: HITACHI Method for producing surface-modified rare earth metal-based sintered magnet
September METALS, LTD. and surface-modified rare earth metal-based sintered magnet
26, 2008 (Tokyo, Japan)
Abstract
Issued:
November An objective of the present invention is to provide a rare earth metal-based
3, 2015 sintered magnet having imparted thereto sufficient corrosion resistance by an
oxidative heat treatment, which is resistant even in an environment of
Expires: fluctuating humidity, while suppressing the deterioration of the magnetic
September characteristics ascribed to the oxidative heat treatment, and to provide a
2028 method for producing the same. As a means of achieving the objective above,

the surface-modified rare earth metal-based sintered magnet of the present
invention is characterized in that the surface-modified part comprises a
surface-modified layer comprising at least three layers formed in this order
from the inner side of the magnet, a main layer containing R, Fe, B, and
oxygen, an amorphous layer containing at least R, Fe, and oxygen, and an
outermost layer containing iron oxide comprising mainly hematite as the
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constituent, and the method for producing the same is characterized in that it
comprises a step of applying a heat treatment to a bulk magnet body in the
temperature range of from 200.degree. C. to 600.degree. C., under an
atmosphere with oxygen partial pressure in a range of from 1.times.10.sup.2 Pa
to 1.times.10.sup.5 Pa and water vapor partial pressure in a range of from 0.1
Pa to 1000 Pa (exclusive of 1000 Pa).

The invention claimed is:

1. A method [presumptive process/method] for producing a surface-modified
rare earth metal-based sintered magnet, the method comprising a step of:
applying a heat treatment to a rare earth metal-based sintered magnet in the
temperature range of from 200.degree. C. to 600.degree. C., under an
atmosphere with oxygen partial pressure in a range of from 1.times.10.sup.2 Pa
to 1.times.10.sup.5 Pa and water vapor partial pressure in a range of from 250
Pa to 700 Pa, wherein the surface-modified rare earth metal-based sintered
magnet comprises a surface-modified part that comprises a surface-modified
layer, said surface-modified layer comprising at least: a main layer containing
R, Fe, B, and oxygen, and containing an R-enriched layer with a length in a
range of from 0.5 .mu.m to 30 .mu.m and a thickness in a range of from 50 nm
to 400 nm, an amorphous layer located outside of the main layer and
containing at least R, Fe, and oxygen, and an outermost layer located outside
of the amorphous layer and containing iron oxide, wherein the iron oxide is 75
mass % or more hematite.

3. A method for producing a surface-modified rare earth metal-based sintered
magnet, the method comprising a step of: applying a heat treatment to a rare
earth metal-based sintered magnet in the temperature range of from
200.degree. C. to 600.degree. C., under an atmosphere with oxygen partial
pressure in a range of from 1.times.10.sup.2 Pa to 1.times.10.sup.5 Pa and
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water vapor partial pressure in a range of from 0.1 Pa to 700 Pa wherein the
surface-modified rare earth metal-based sintered magnet comprises a surface-
modified part that comprises a surface-modified layer, said surface-modified
layer comprising at least: a main layer containing R, Fe, B, and oxygen, and
containing an R-enriched layer with a length in a range of from 0.5 .mu.m to
30 .mu.m and a thickness in a range of from 50 nm to 400 nm, an amorphous
layer located outside of the main layer and containing at least R, Fe, and
oxygen, and an outermost layer located outside of the amorphous layer and
containing iron oxide, wherein the iron oxide is 75 mass % or more hematite,
characterized in that an additional heat treatment is carried out prior to and/or
after the heat treatment, in the temperature range of from 200.degree. C. to
600.degree. C. and under an atmosphere with oxygen partial pressure in a
range of from 1.times.10.sup.-2 Pa to 50 Pa and water vapor partial pressure in
a range of from 1.times.10.sup.-7 Pa to 1.times.10.sup.-2 Pa.

Filed: 9,154,004 Assignee: Rare earth sintered magnet and motor
March 4, TDK CORP. (Tokyo,
2011 Japan) Abstract
In the rare earth sintered magnet, the ratio of R2 to the sum of R1 and R2 that
Issued: are contained in crystal grain boundaries surrounding the crystal grains in the
October 6, rare earth sintered magnet body is higher than the ratio of R2 to the sum of R1
2015 and R2 in the crystal grains, and the concentration of R2 increases from the
central portion of the rare earth sintered magnet body toward the surface of
Expires: the rare earth sintered magnet body. In addition, the degree of unevenness in
March residual magnetic flux density on the surface of the rare earth sintered magnet
2031 body is smaller than 3.0%.

The invention claimed is:

1. A rare earth sintered magnet comprising [presumptive composition of
matter], a rare earth sintered magnet body including crystal grains of (R1,
R2).sub.2T.sub.14B; wherein: R1 represents at least one rare earth element
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except for Dy and Th, R2 represents a rare earth element at least including one
or both of Dy and Th, T represents one or more transition metal elements
including Fe or including Fe and Co, a ratio of R2 to a sum of R1 and R2 that
Is contained in crystal grain boundaries surrounding the crystal grains in the
rare earth sintered magnet body is higher than a ratio of R2 to a sum of R1 and
R2 in the crystal grains, a concentration of R2 increases from a central portion
of the rare earth sintered magnet body toward a surface of the rare earth
sintered magnet body; and a degree of unevenness in residual magnetic flux
density among a plurality of areas on the surface of the rare earth sintered
magnet body is smaller than 3.0%.

4. A rare earth sintered magnet obtained by [presumptive process or method]
: rotating a rare earth sintered magnet body including crystal grains of (R1,
R2).sub.2T.sub.14B, applying a slurry containing a compound of the rare earth
element R2 to the rare earth sintered magnet body, drying the slurry while the
rare earth sintered magnet body is rotated, and subjecting the rare earth
sintered magnet body including the dried slurry to heat treatment, wherein: R1
represents at least one rare earth element except for Dy and Th, R2 represents a
rare earth element at least including one or both of Dy and Th, T represents
one or more transition metal elements including Fe or including Fe and Co, a
ratio of R2 to a sum of R1 and R2 that is contained in crystal grain boundaries
surrounding the crystal grains in the rare earth sintered magnet body is higher
than a ratio of R2 to a sum of R1 and R2 in the crystal grains, a concentration
of R2 increases from a central portion of the rare earth sintered magnet body
toward a surface of the rare earth sintered magnet body; and a degree of
unevenness in residual magnetic flux density among a plurality of areas on the
surface of the rare earth sintered magnet body is smaller than 3.0%

Filed: Aug | 9,129,731 Assignee: Sintered magnet
13,2012 Hitachi, Ltd. (Tokyo,

Japan) Abstract
Issued:
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September Disclosed is a sintered magnet which is a rare-earth magnet using a less

8, 2015 amount of a rare-earth element but having a higher maximum energy product
and a higher coercivity. The sintered magnet includes a NdFeB crystal; and an

Expires: FeCo crystal adjacent to the NdFeB crystal through the medium of a grain

August boundary. The FeCo crystal includes a core and a periphery and has a cobalt

2032 concentration decreasing from the core to the periphery. The FeCo crystal has

a difference in cobalt concentration of 2 atomic percent or more between the
core and the periphery. In the NdFeB crystal, cobalt and a heavy rare-earth
element are unevenly distributed and enriched in the vicinity of the grain
boundary.

What is claimed is:

1. A sintered magnet comprising [presumptive composition of matter], : a
NdFeB crystal; an FeCo crystal; and a grain boundary region disposed between
the NdFeB crystal and the FeCo crystal, wherein the FeCo crystal has a cobalt
concentration decreasing from a center to an interface by 2 atomic percent or
more, and wherein the NdFeB crystal contains cobalt and a heavy rare-earth
element, and has concentrations of the cobalt and the heavy rare-earth element
increasing from a center to an interface.

2. The sintered magnet according to claim 1, wherein the FeCo crystal includes
a body-centered cubic structure or a body-centered tetragonal structure.

3. The sintered magnet according to claim 1, wherein the FeCo crystal has a
saturation flux density higher than the saturation flux density of the NdFeB
crystal.

4. The sintered magnet according to claim 1, wherein the grain boundary
region has a width of 0.1 to 2 nm.
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5. The sintered magnet according to claim 1, wherein the grain boundary
region includes an acid fluoride.

8. The sintered magnet according to claim 1, being prepared through
[presumptive process/method] quenching in a magnetic field at a cooling rate
of 10.degree. C./second or more in a heat treatment process upon sintering.

Filed: May | 9,129,730 Assignee: Rare-earth-iron-based alloy material
14, 2015 SUMITOMO
ELECTRIC Abstract

Issued: INDUSTRIES, LTD.
Sept 8, (Osaka, Japan) Provided are a powder for a magnet, which provides a rare-earth magnet
2015 having excellent magnet properties and which has excellent formability, a

method for producing the powder for a magnet, a powder compact, a rare-
Expires: earth-iron-based alloy material, and a rare-earth-iron-nitrogen-based alloy
May 2035 material which are used as materials for the magnet, and methods for

producing the powder compact and these alloy materials.
The invention claimed is:

1. A rare-earth-iron-based alloy material for a rare-earth magnet, the rare-
earth-iron-based alloy material comprising [presumptive composition
of matter], a powder compact comprising: magnetic particles each
containing a hydride of a rare-earth element in an amount of less than
40% by volume and the balance being Fe; a phase of the hydride of the
rare-earth element is adjacent to a phase consisting of pure Fe, and an
interval between adjacent phases of the hydride of the rare-earth
element with the phase of Fe provided therebetween is 3 .mu.m or less,
wherein: the phase of the hydride of the rare-earth element is granular,
the granular hydride of the rare-earth element is dispersed in the phase
of Fe, the rare-earth element is Sm, and the hydride of the rare-earth
element consisting of Sm and hydrogen, an antioxidation layer is
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provided on the surface of each of the magnetic particles, the
antioxidation layer including a low-oxygen-permeability layer
composed of a material having an oxygen permeability coefficient at
30.degree. C. of less than 1.0.times.10.sup.-11 m.sup.3m/(sm.sup.2Pa)
and a low-moisture-permeability layer composed of a material having a
moisture permeability coefficient at 30.degree. C. of less than
1000.times.10.sup.-13 kg/(msMPa), the low-oxygen-permeability layer
is polyester or polyvinyl chloride, the powder compact has a relative
density of 85% or more, and the rare-earth-iron-based alloy material is
produced by [presumptive process/method] heat-treating the powder
compact in an inert atmosphere or in a reduced atmosphere.

2. The rare-earth-iron-based alloy material according to claim 1, wherein a rate
of volume change between the heat-treated powder compact before the heat
treatment and the rare-earth-iron-based alloy material after the heat treatment
IS 5% or less.

3. The rare-earth-iron-based alloy material according to claim 1, wherein the
inert atmosphere comprises a nitrogen element-containing atmosphere.

4. The rare-earth-iron-nitrogen-based alloy material according to claim 3,
wherein the rare-earth-iron-nitrogen-based alloy material comprises an Sm--
Fe--Ti--N alloy.

5. The rare-earth-iron-nitrogen-based alloy material according to claim 3,
wherein a rate of volume change between the rare-earth-iron-based alloy
material before the heat treatment and the rare-earth-iron-nitrogen-based alloy
material after the heat treatment is 5% or less.

Filed: 9,111,674 Assignee: R-T-B based permanent magnet
April 21, TDK CORPORATION
2014 (Tokyo, Japan) Abstract
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Issued: The present invention provides a permanent magnet whose magnetic properties
August 18, will not be significantly decreased and which is excellent in the temperature
2015 properties compared to the existing R-T-B based permanent magnet. In the R-

T-B based structure, a stack structure of R1-T-B based crystallizing layer and
Expires: (Y,Ce)-T-B based crystallizing layer can be formed by alternatively stacking
August R1-T-B and (Y,Ce)-T-B. In this way, a high magnetic anisotropy field of the
2034 R1-T-B based crystallizing layer can be maintained while an improved

temperature coefficient of the (Y,Ce)-T-B based crystallizing layer can be
obtained. Further, a high coercivity can be obtained by adding the Ce-T-B
based crystallizing layer with a low lattice distortion to the Y-T-B based
crystallizing layer.

What is claimed is:

1. A R-T-B based permanent magnet, comprising [presumptive composition
of matter]: a R-T-B based structure in which a R1-T-B based crystallizing
layer and a (Y,Ce)-T-B based crystallizing layer are stacked, wherein: R1 is at
least one rare earth element except Y and Ce, and T is at least one transition
metal element including Fe or a combination of Fe and Co.

2. The R-T-B based permanent magnet according to claim 1, wherein an
atomic ratio of R1 to (Y+Ce) is 0.1 or more and 10 or less.

3. The R-T-B based permanent magnet according to claim 1, wherein the R1-

T-B based crystallizing layer has a thickness of 0.6 nm or more and 300 nm or
less, and the (Y,Ce)-T-B based crystallizing layer has a thickness of 0.6 nm or
more and 200 nm or less.

Filed: May | 9,087,631 Assignee: Permanent magnet and method of manufacturing the same, and motor and
19, 2011 KABUSHIKI power generator using the same
KAISHA TOSHIBA
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Issued: (Tokyo, Japan) Abstract
July 21,
2015 In an embodiment, a permanent magnet includes a composition represented by

R(Fe.sub.p(Ti.sub.sM.sub.1-s).sub.qCu.sub.r(Co.sub.1-tA.sub.t).sub.1-p- -g-
r).sub.z (R is at least one element selected from rare earth elements, M is at
Expires: least one element selected from Zr and Hf, A is at least one element selected
2031 from Ni, V, Cr, Mn, Al, Ga, Nb, Taand W, and p, g, r, s, t and z are numbers
satisfying 0.3.Itoreq.p.ltoreq.0.6, 0.01.1toreq.q.ltoreq.0.1,
0.01.1toreq.r.Itoreq.0.15, 0.2.Itoreq.s.Itoreq.0.8, 0.ltoreq.t.Itoreq.0.2,
6.ltoreq.z.Itoreq.9 in an atomic ratio, respectively), and a structure composed
mainly of a Th.sub.2Zn.sub.17 crystal phase and a CaCu.sub.5 crystal phase

What is claimed is:

1. A permanent magnet, comprising [presumptive composition of matter]: a
composition represented by a composition formula:
R(Fe.sub.p(Ti.sub.sM.sub.1-s).sub.qCu.sub.r(Co.sub.1-tA.sub.t).sub.1-p-g--
r).sub.z where, R is at least one element selected from rare earth elements, M is
at least one element selected from Zr and Hf, A is at least one element selected
from Ni, V, Cr, Mn, Al, Ga, Nb, Ta and W, p is a number (atomic ratio)
satisfying 0.3.Itoreg.p.ltoreq.0.6, g is a number (atomic ratio) satisfying
0.01.Itoreq.q.ltoreq.0.1, r is a number (atomic ratio) satisfying
0.01.1toreq.r.Itoreq.0.15, s is a number (atomic ratio) satisfying
0.2.ltoreq.s.Itoreq.0.5, t is a number (atomic ratio) satisfying
0.ltoreq.t.ltoreq.0.2, z is a number (atomic ratio) satisfying 6.ltoreg.z.Itoreq.9;
and a structure composed mainly of a Th.sub.2Zn.sub.17 crystal phase and a
CaCu.sub.5 crystal phase, wherein a ratio (c/a) of a lattice constant c in relation
to a lattice constant a in a crystal structure of the permanent magnet is equal to
or more than 0.839, where a crystal face perpendicular to a direction of an easy
magnetization axis is a face a, one of crystal faces parallel to the direction of
the easy magnetization axis is a face b, an x-ray main diffraction angle of the
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face a is 2.theta..sub.1, an x-ray main diffraction angle of the face b is 2
.theta..sub.2, the lattice constant a is defined by 4/3.sup.1/2 .times.d1, the
lattice constant c is defined by 2.times.d.sub.2, d.sub.1 [unit: angstrom] is
Jdamda./(2 sin(2.theta..sub.1/2), d2 [unit: angstrom] is .lamda./(2
sin(2.theta..sub.2/2), and .lamda. is 1.5418 angstrom.

2. The permanent magnet according to claim 1, wherein the element R is at
least one selected from samarium (Sm), neodymium (Nd), and praseodymium

(Pn).

3. The permanent magnet according to claim 2, wherein 50 atomic % or more
of the element R is samarium (Sm).

4. The permanent magnet according to claim 3, wherein 80 atomic % or more
of the element M is zirconium (Zr).

9. A method of manufacturing a permanent magnet, comprising: fabricating an
alloy powder having a composition represented by a composition formula:
R(Fe.sub.p(Ti.sub.sM .sub.1-s).sub.qCu.sub.r(Co.sub.1-tA.sub.t).sub.1-p-g-
r).sub.z where, R is at least one element selected from rare earth elements, M is
at least one element selected from Zr and Hf, A is at least one element selected
from Ni, V, Cr, Mn, Al, Ga, Nb, Ta and W, p is a number (atomic ratio)
satisfying 0.3.Itoreq.p.ltoreq.0.6, g is a number (atomic ratio) satisfying
0.01.1toreq.q.Itoreq.0.1, r is a number (atomic ratio) satisfying
0.01.Itoreq.r.Itoreq.0.15, s is a number (atomic ratio) satisfying
0.2.1toreq.s.Itoreq.0.5, t is a number (atomic ratio) satisfying
0.Itoreq.t.ltoreq.0.2, z is a number (atomic ratio) satisfying 6.ltoreq.z.Itoreq.9;
fabricating a pressed powder body by forming the alloy powder in a magnetic
field; fabricating a sintered body by sintering the pressed powder body;
performing a solution heat treatment to the sintered body at a temperature of
from 1130 to 1230.degree. C.; performing an aging heat treatment to the
sintered body after the solution heat treatment at a temperature of from 700 to
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900.degree. C. in a vacuum atmosphere; and cooling slowly the sintered body
after the aging heat treatment at a cooling speed in a range of 0.5 to 5.degree.
C./min, to obtain the permanent magnet including a structure composed mainly
of a Th.sub.2Zn.sub.17 crystal phase and a CaCu.sub.5 crystal phase, wherein
a ratio (c/a) of a lattice constant c in relation to a lattice constant a in a crystal
structure of the permanent magnet is equal to or more than 0.839, where a
crystal face perpendicular to a direction of an easy magnetization axis is a face
a, one of crystal faces parallel to the direction of the easy magnetization axis is
a face b, an x-ray main diffraction angle of the face a is 2.theta..sub.1, an x-ray
main diffraction angle of the face b is 2.theta..sub.2, the lattice constant a is
defined by 4/3.sup.1/2 .times.d1, the lattice constant c is defined by 2
times.d.sub.2, d.sub.1 [unit: angstrom] is .lamda./(2sin(2.theta..sub.1/2), d2
[unit: angstrom] is .lamda./(2sin(2.theta..sub.2/2), and .lamda.is 1.5418
angstrom.

10. The manufacturing method [presumptive process/method] according to
claim 9, wherein the fabricating the alloy powder comprises: fabricating a thin
ribbon solidified to have a thickness of equal to or less than 1 mm continuously
by injecting an alloy molten metal to a chill roll rotating at a peripheral speed
of 0.1 to 20 m/sec; and grinding the thin ribbon.

Filed: Dec | 9,082,538 Assignee: Sintered Nd--Fe--B permanent magnet with high coercivity for high

1, 2008 ZHEJIANG temperature applications
UNIVERSITY

Issued: (Hangzhou, China) Abstract

July 14,

2015 ZHEJIANG A type of sintered Nd--Fe--B permanent magnet with high intrinsic coercivity
INNUOVO of about 30KQOe or more is produced by dual alloy method. The method

Expires: MAGNETICS comprises the following steps: preparing the powders of master phase alloy

Dec 2028 INDUSTRY CO., LTD | and intergranular phase alloy respectively, mixing the powders, compacting the
(Dongyang, China) powders in magnetic field, sintering the compacted body at

1050.about.1125.degree. C. and annealing at 890-1000.degree. C. and 500-
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650.degree. C. successively. In the process of preparing the powder of
intergranular phase alloy, the nano-powder additive selected from the group
consisting of NiAl, TiC, SiC, AIN, TiN, ZrN and the combination thereof is
used to modify the powder of intergranular phase alloy.

We claim that:

1. A sintered Nd--Fe--B permanent magnet, comprising [presumptive
composition of matter]: (A) 90.about.95 wt % of a master-phase alloy
powder, by weight of the permanent magnet, wherein the master-phase alloy
powder comprises 11.about.16% of Nd, 5.4.about.6.6% of B, 0.about.6% of M
and a balance of Fe by atomic percent, wherein M is at least one selected from
the group consisting of Dy, Th, Nb, Co, Ga, Zr, and Al; and (B) 5.about.10 wt
% of an intergranular-phase alloy powder, by weight of the permanent magnet,
wherein the intergranular-phase alloy powder is modified by a nano-powder
additive before being sintered to form the sintered Nd--Fe--B permanent
magnet, the nano-powder additive is at least one selected from the group
consisting of NiAl, TiC, SiC, AIN, TiN, and ZrN, the intergranular-phase alloy
powder before being modified comprises 13.5.about.30% of Nd, 4.about.7% of
B, 0.about.15% of R and a balance of Fe by atomic percent, where R is at least
one selected from the group consisting of Dy, Tb, Nb, Co, Ga, Zr, Cu, Al, and
Si, the sintered Nd--Fe--B permanent magnet is obtained by a two-alloy
method, the intergranular-phase alloy powder is modified by an amount of the
nano-powder additive sufficient so that the sintered Nd--Fe--B permanent
magnet has an intrinsic coercivity of about 30KOe or more, and the amount of
the nano-powder additive is 0.01.about.1% by weight of the intergranular-
phase alloy powder.

2. The magnet of claim 1, wherein the nano-powder additive has an average
particle size of 1.about.60 nm.
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3. The magnet of claim 1, wherein the magnet is obtained by [presumptive
process/method]: preparing the master-phase alloy powder with a particle size
of 3-8 .mu.m; preparing the intergranular-phase alloy powder with a particle
size of 1-4 .mu.m, and modifying with a predetermined amount of the nano-
powder additive; mixing the master-phase alloy powder and the intergranular-
phase alloy powder that is modified by the nano-powder additive to form a
well-proportioned mixture; compacting said well-proportioned mixture in a
magnetic field of 1.2-2.0 T to form a compacted body, sintering the compacted
body at a temperature of 1050-1125.degree. C. in a high vacuum sintering
furnace of 10.sup.-3-10.sup.-4 pa to form a sintered body; heating the sintered
body at a temperature of 890-1000.degree. C. for 2-4 hours followed by slowly
cooling at a cooling rate of 1-4.degree. C./min to room temperature; and
heating the cooled sintered body at a temperature of 500-650.degree. C. for 2-4
hours followed by rapidly cooling at a cooling rate of 100-400.degree. C./min,
to form the Nd--Fe--B permanent magnet.

4. The magnet of claim 1, wherein the magnet includes main phase grains that
are substantially spherical with an average size of about 5 .mu.m to about 6

.mu.m.
Filed: 9,082,537 Assignee: R-T-B based permanent magnet
April 25, TDK CORPORATION
2014 (Tokyo, Japan) Abstract
Issued: The present invention provides a permanent magnet which is excellent in the
July 14, temperature properties and the magnetic properties of which will not be
2015 significantly decreased, compared to the conventional R-T-B based permanent
magnet. In the R-T-B based structure, a stacked structure of R1-T-B based
Expires: crystal layer and Y-T-B based crystal layer can be formed by alternatively
April 2034 stacking R1-T-B and Y-T-B. In this way, a high magnetic anisotropy field of

the R1-T-B based crystal layer can be maintained while the temperature
coefficient of the Y-T-B based crystal layer can be improved.
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What is claimed is:

1. A R-T-B based permanent magnet, comprising [presumptive composition
of matter ] a R-T-B based structure in which a R1-T-B based crystal layer and
a Y-T-B based crystal layer are stacked, wherein R1 represents at least one rare
earth element except Y, and T represents at least one transition metal element
comprising Fe or a combination of Fe and Co.

2. The R-T-B based permanent magnet according to claim 1, wherein an
atomic ratio of R1 to Y is 0.1 or more and 10 or less.

4. The R-T-B based permanent magnet according to claim 2, wherein said R1-
T-B based crystal layer has a thickness of 0.6 nm or more and 300 nm or less,
and said Y-T-B based crystal layer has a thickness of 0.6 nm or more and 200
nm or less.

5. A R-T-B based film permanent magnet, comprising a R-T-B based structure
in which a R1-T-B based crystal layer and Y-T-B based crystal layer are
stacked, wherein R1 represents at least one rare earth element except Y, and T
represents at least one transition metal element comprising Fe or a combination
of Fe and Co.

6. The R-T-B based film permanent magnet according to claim 5, wherein an
atomic ratio of R to Y is 0.1 or more and 10 or less.

9. A R-T-B based permanent magnet powder, comprising a R-T-B based
structure in which a R1-T-B based crystal layer and a Y-T-B based crystal
layer are stacked, wherein R1 represents at least one rare earth element except
Y, and T represents at least one transition metal element comprising Fe or a
combination of Fe and Co.

Filed: Dec | 9,076,584 Assignee: Powder for magnet
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2,2010 SUMITOMO
ELECTRIC Abstract

Issued: INDUSTRIES, LTD.
July 7, (Osaka, Japan) Provided are a powder for a magnet, which provides a rare-earth magnet
2015 having excellent magnet properties and which has excellent formability, a

method for producing the powder for a magnet, a powder compact, a rare-
Expires: earth-iron-based alloy material, and a rare-earth-iron-nitrogen-based alloy
Dec 2030 material which are used as materials for the magnet, and methods for

producing the powder compact and these alloy materials. Magnetic particles 1
constituting the powder for a magnet each have a texture in which grains of a
phase 3 of a hydride of a rare-earth element are dispersed in a phase 2 of an
iron-containing material, such as Fe. The uniform presence of the phase 2 of
the iron-containing material in each magnetic particle 1 results in the powder
having excellent formability, thereby providing a powder compact 4 having a
high relative density. The powder for a magnet is produced by heat-treating a
rare-earth-iron-based alloy powder in a hydrogen atmosphere to separate the
rare-earth element and the iron-containing material from each other and then
forming a hydride of the rare-earth element. The powder for a magnet is
subjected to compacting to form the powder compact 4. The powder compact 4
IS subjected to heat treatment in vacuum to form a rare-earth-iron-based alloy
material 5. The rare-earth-iron-based alloy material 5 is subjected to heat
treatment in a nitrogen atmosphere to form a rare-earth-iron-nitrogen-based
alloy material 6.

The invention claimed is:

1. A powder compact used as a material for a rare-earth magnet comprising
[presumptive composition of matter]: a powder comprising: magnetic
particles each containing a hydride of a rare-earth element in an amount of less
than 40% by volume and the balance being Fe; a phase of the hydride of the
rare-earth element is adjacent to a phase consisting of pure Fe, and an interval
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between adjacent phases of the hydride of the rare-earth element with the
phase of Fe provided therebetween is 3 .mu.m or less, wherein: the phase of
the hydride of the rare-earth element is granular, the granular hydride of the
rare-earth element is dispersed in the phase of Fe, the rare-earth element is Sm,
and the hydride of the rare-earth element consisting of Sm and hydrogen, an
antioxidation layer is provided on the surface of each of the magnetic particles,
the antioxidation layer including a low-oxygen-permeability layer composed of
a material having an oxygen permeability coefficient at 30.degree. C. of less
than 1.0.times.10.sup.-11 m.sup.3m/(sm.sup.2Pa) and a low-moisture-
permeability layer composed of a material having a moisture permeability
coefficient at 30.degree. C. of less than 1000.times.10.sup.-13 kg/(msMPa), the
low-oxygen-permeability layer is polyester or polyvinyl chloride, and the
powder compact has a relative density of 85% or more.

2. The powder compact used as a material for a rare-earth magnet according to
claim 1, wherein the magnetic particles have an average particle size of 10
.mu.m to 500 .mu.m.

3. The powder compact used as a material for a rare-earth magnet according to
claim 1, wherein the powder compact has a relative density of 90% or more.

4. The powder compact used as a material for a rare-earth magnet according to
claim 1, wherein the low-moisture-permeability layer is polyethylene or

polypropylene.

Filed: 9,076,579 Assignee: Magnetic exchange coupled core-shell nanomagnets
November The Board of Trustees
15, 2011 of the University of Abstract

Alabama for and on the | A permanent magnet is fabricated such that it has a magnetically hard core
Issued: behalf of the surrounded by a thin magnetically soft shell. The magnetically hard core
July 7, University of Alabama | provides a relatively high intrinsic coercivity (H.sub.ci), and the magnetically
2015 (Huntsville, AL, USA) | soft shell provides a relatively high magnetic flux density (B). Due to magnetic
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exchange coupling between the core and shell, a relatively high maximum
Expires: energy product (BH).sub.max is achievable over a wide temperature range,
Nov 2031 including temperatures above 150.degree. C. Further, such effects can be
achieved without using rare-earth metals or precious metals helping to keep
the manufacturing costs of the magnet low. To allow sufficient exchange
magnetic coupling between the core and shell, the width of the shell is less
than about 40 nanometers, and the overall dimensions are controlled such that
the width of the shell is less than two times the Bloch domain wall thickness of
the core.

Claims
Now, therefore, the following is claimed:

1. A core-shell nanomagnetic particle, comprising [presumptive composition
of matter] : a core of hard magnetic material; and a shell of soft magnetic
material encasing the core, wherein a thickness of the shell is less than 40
nanometers and less than two times a Bloch domain thickness of the core, and
wherein the core does not include rare-earth elements.

2. The core-shell nanomagnet particle of claim 1, wherein the shell has a
uniform thickness around the core.

Filed: 9,070,500 Assignee: R-T-B based permanent magnet
April 21, TDK CORPORATION
2014 (Tokyo, Japan) Abstract
The present invention provides a permanent magnet whose magnetic
Issued: properties will not be significantly decreased and which is excellent in the
June 30, temperature properties compared to the existing R-T-B based permanent
2015 magnet. In the R-T-B based structure, a stacked structure of R1-T-B based
crystallizing layer and (Y, La)-T-B based crystallizing layer can be formed by
Expires: alternatively stacking R1-T-B and (Y, La)-T-B. In this way, a high magnetic
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April 2034 anisotropy field of the R1-T-B based crystallizing layer can be maintained
while an improved temperature coefficient of the (Y, La)-T-B based
crystallizing layer can be obtained. Further, the lattice distortion in the total
stacked structure is moderated by setting the rare earth elements in the (Y,
La)-T-B based crystallizing layer as both of Y and La, and a high residual flux
density can be obtained accordingly.

What is claimed is:

1. A R-T-B based permanent magnet, comprising [presumptive composition of
matter], :a R-T-B based structure in which a R1-T-B based crystallizing

layer and a (Y, La)-T-B based crystallizing layer are stacked, wherein R1 is at
least one rare earth element except Y and La, and T is one or more transition
metal element comprising Fe or the combination of Fe and Co.

2. The R-T-B based permanent magnet according to claim 1, wherein an
atomic ratio of R1 to Y and La is 0.1 or more and 10 or less.

16. A bond magnet comprising the R-T-B based permanent magnet powder of
claim 12.

17. A sintered magnet comprising the R-T-B based permanent magnet powder

of claim 9.

Filed: 9,053,846 Assignee: Permanent magnet and manufacturing method thereof
March 28, NITTO DENKO
2011 CORPORATION Abstract

(Osaka, Japan) There are provided a permanent magnet and a manufacturing method thereof
Issued: enabling carbon content contained in magnet particles to be reduced in
June 9, advance before sintering even when wet milling is employed. Coarsely-milled
2015 magnet powder is further milled by a bead mill in a solvent together with an
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organometallic compound expressed with a structural formula of M-

Expires: (OR).sub.x (M includes at least one of neodymium, praseodymium,
March dysprosium and terbium, each being a rare earth element, R represents a
2031 substituent group consisting of a straight-chain or branched-chain hydrocarbon,

X represents an arbitrary integer) so as to uniformly adhere the organometallic
compound to particle surfaces of the magnet powder. Thereafter, a compact
body of compacted magnet powder is held for several hours in hydrogen
atmosphere at 200 through 900 degrees Celsius to perform hydrogen
calcination process. Thereafter, through sintering process, a permanent magnet
1 is manufactured.

The invention claimed is:

1. A manufacturing method of a permanent magnet comprising steps of wet-
milling magnet material in an organic solvent to obtain magnet powder;
adding, to the organic solvent during the wet-milling, an organometallic
compound expressed with a structural formula of M-(OR).sub.x, M including
at least one of neodymium, praseodymium, dysprosium and terbium, each
being a rare earth element, R representing a substituent group consisting of a
straight-chain or branched-chain hydrocarbon, and x representing an arbitrary
integer, to make the organometallic compound adhered to particle surfaces of
the magnet powder in the organic solvent to obtain a slurry-state magnet
powder; injecting the slurry-state magnet powder containing the organic
solvent used in the wet-milling into a cavity without drying the slurry-state
magnet powder, while applying an initial magnetic field to the cavity, and
further applying a magnetic field stronger than the initial magnetic field to the
cavity during or after the injection so as to perform wet molding and obtain a
compact body in which the organometallic compound is adhered to the particle
surfaces of the magnet powder; calcining the compact body in hydrogen
atmosphere so as to obtain a calcined body of which carbon residue is reduced
in comparison with before calcining the compact body, wherein the step of
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calcining causes thermal decomposition of the organometallic compound and
removes R so as to reduce carbon residue; and sintering the calcined body.

2. The manufacturing method of a permanent magnet according to claim 1,
wherein R in the structural formula is an alkyl group.

3. The manufacturing method of a permanent magnet according to claim 2,
wherein R in the structural formula is an alkyl group of which carbon number
is any one of integer numbers 2 through 6.

Filed: July | 9,048,016 Assignee: Composite permanent magnetic material and preparation method thereof
14,2012 DONGGUAN
XUANYAO Abstract
Issued: ELECTRONICS CO.,
June 2, LTD. (Dongguan, The invention relates to the field of permanent magnet materials, and discloses
2015 Guangdong Province, | @ composite permanent magnet material. The material is formed by splicing at
China) least one permanent magnet material, with binding agent in between. The
novel composite permanent magnet material that is formed by splicing
Expires: different magnets greatly enriches the existing permanent magnet system and
July 2032 can completely replace the expensive rare metallic magnetic material. The

composite permanent magnet material disclosed by the invention has high
performances. The magnetic performance of the magnet can be regulated and
controlled by adjusting the type and length of the magnets. In particular, the
magnetic blank between the bonded NdFeB and the sintered NdFeB provides
the designer and user of permanent magnetic motors with broader and flexible
in material selection space and cost selection space

What is claimed is:
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1. A composite permanent magnetic material, characterized in that, the
composite permanent magnetic material is made [presumptive
process/method] by splicing at least two permanent magnets, with a binding
agent in between, wherein the permanent magnets are one or more of: sintered
NdFeB, isotropic bonded NdFeB, and anisotropic bonded NdFeB; wherein the
binding agent is a polyurethanes binding agent or a two-component modified
acrylic ester curing agent or an epoxy binding agent or an anaerobic binding
agent; wherein the composite permanent magnetic material is made by
arranging the permanent magnets as per requirements of the target magnet and
splicing with the binding agent; wherein the permanent magnets are spaced
according to odd numbers or even numbers; wherein according to odd
numbers, the total amount of two magnets is M=2*N+1 (N.gtoreq.1) and two
magnets of different materials are spaced into an integrated magnet; and
wherein according to even numbers, the total amount of two magnets is
M=2*N (N.gtoreg.1) and magnets of the same material are arranged in one
group while magnets of different materials are spaced

Filed: June | 9,044,834 Assignee: Urban Magnet recycling to create Nd--Fe--B magnets with improved or restored
17,2014 Mining Technology magnetic performance
Issued: Company (Perryville,
June 2, MD, USA) Abstract
2015

Methods, systems, and apparatus, including computer programs encoded on
Expires: computer storage media, for recycling magnetic material to restore or improve
June 2034 the magnetic performance. One of the methods includes demagnetizing

magnetic material from a waste magnet assembly by cyclic heating and cooling
of the magnetic material, fragmenting adhesives attached to the magnetic
material, cracking coating layers of the magnetic material, and subjecting the
magnetic material to at least one of: a) a mechanical treatment or b) a chemical
treatment, to remove the coating layers and prepare the magnetic material
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without impurities, fragmenting the demagnetized magnetic material to form a
powder, and mixing the powder with a rare earth material R and an elemental

additive A to produce a homogeneous powder, wherein the rare earth material
R comprises at least one of: Nd or Pr, and the elemental additive A comprises

at least one of: Nd, Pr, Dy, Co, Cu, and Fe.

What is claimed is:

1. A method for manufacturing [presumptive process/method]: a recycled Nd-
-Fe--B permanent magnet comprising: demagnetizing magnetic material from
a waste magnet assembly by cyclic heating and cooling of the magnetic
material, fragmenting adhesives attached to the magnetic material, cracking
coating layers of the magnetic material, and subjecting the magnetic material
to at least one of: a) a mechanical treatment or b) a chemical treatment, to
remove the coating layers and prepare the magnetic material without
impurities; fragmenting the demagnetized magnetic material to form a powder;
mixing the powder with a) a rare earth material R that comprises between 0.1
to 1 at. % of the total mixture and b) an elemental additive A to produce a
homogeneous powder, wherein the rare earth material R comprises at least one
of: i) Nd or ii) Pr with a ratio of 75 wt. % Nd to 25 wt. % Pr, and the elemental
additive A comprises at least one of: i) Dy, ii) Co, iii) Cu, iv) Fe; and sintering
and magnetizing the homogenous powder to form a recycled Nd--Fe--B
magnetic product that comprises 1.98 at. % oxygen or less and has a
remanence and a coercivity at least the same as a waste magnet part from the
waste magnet assembly.

Filed: June | 9,044,810 Assignee: SHIN-ETSU | Rare earth magnet and its preparation

29, 2010 CHEMICAL CO.,
LTD. Abstract
Issued: (Tokyo, Japan) ) ) ) )
June 2, A rare earth magnet is prepared by disposing a R.sup.1-T-B sintered body

comprising a R.sup.1.sub.2T.sub.14B compound as a major phase in contact
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2015 with an R.sup.2-M alloy powder and effecting heat treatment for causing
R.sup.2 element to diffuse into the sintered body. The alloy powder is obtained

Expires: by quenching a melt containing R.sup.2 and M. R.sup.1 and R.sup.2 are rare

June 2030 earth elements, T is Fe and/or Co, M is selected from B, C, P, Al, Si, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pt, Au,
Pb, and Bi.

The invention claimed is:

1. A method for preparing a rare earth magnet comprising: providing a
R.sup.1-T-B sintered body comprising a R.sup.1.sub.2T.sub.14B compound as
a major phase wherein R.sup.1 is one or more element selected from rare earth
elements including Sc and Y and T is Fe and/or Co, providing an alloy powder
consisting of R.sup.2 and M wherein R.sup.2 is one or more element selected
from rare earth elements including Sc and Y and M is one or more element
selected from the group consisting of B, C, P, Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pt, Au, Pb, and Bi,
wherein the alloy powder is a quenched alloy powder obtained by quenching a
melt consisting of the R.sup.2 and the M, and the quenched alloy powder
consisting of an amorphous structure, applying the alloy powder onto the
surface of the sintered body, and then heating the sintered body and the alloy
powder in vacuum or an inert gas atmosphere at a temperature equal to or
lower than the sintering temperature of the sintered body for thereby causing
R.sup.2 element to diffuse into the sintered body.

2. The method of claim 1, wherein a majority of the R.sup.2 is selected from
the group consisting of Nd, Pr, Tb and Dy.

3. The method of claim 1, wherein the alloy powder has an average particle
size of 0.1 to 100 .mu.m.
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4. The method of claim 1, wherein the R.sup.2 and M is enriched near grain
boundaries in the interior of the sintered body.

5. The method of claim 1, wherein the R.sup.2 and M is enriched near grain
boundaries within the sintered body major phase grain.

Filed: 9,028,624 Assignee: NdFeB system sintered magnet and method for producing the same

December Intermetallics Co., Ltd.

27, 2012 (Nakatsugawa, Japan) | Abstract

Issued: Provided is a NdFeB sintered magnet which can be used in the grain boundary

May 12, diffusion method as a base material in which R.sub.H can be easily diffused

2015 through the rare-earth rich phase and which itself has a high coercive force, a
high maximum energy product and a high squareness ratio, as well as a method

Expires: for producing such a magnet. A NdFeB system sintered has an average grain

December size of the main-phase grains magnet is equal to or smaller than 4.5 .mu.m, the

2032 carbon content of the entire NdFeB system sintered magnet is equal to or lower

than 1000 ppm, and the percentage of the total volume of a carbon rich phase
in a rare-earth rich phase at a grain-boundary triple point in the NdFeB system
sintered magnet to the total volume of the rare-earth rich phase is equal to or
lower than 50%.

The invention claimed is:

1. A NdFeB system sintered magnet, [presumptive composition of matter]
wherein: @) an average grain size of a main-phase grains in the NdFeB system
sintered magnet is equal to or smaller than 4.5 .mu.m; b) a carbon content of
the entire NdFeB system sintered magnet is greater than 0 ppm and equal to or
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lower than 1000 ppm; and c) a percentage of a total volume of a carbon rich
phase in a rare-earth rich phase at a grain-boundary triple point in the NdFeB
system sintered magnet to a total volume of the rare-earth rich phase is greater
than 0% and equal to or lower than 50%.

2. A method for producing [presumptive process/method] the NdFeB system
sintered magnet according to claim 1, comprising: a) a hydrogen pulverization
process for coarsely pulverizing a NdFeB system alloy by making the NdFeB
system alloy occlude hydrogen; b) a fine pulverization process for finely
pulverizing the coarsely pulverized NdFeB system alloy so that a grain size of
the alloy will be equal to or smaller than 3.2 .mu.m in terms of a median
D.sub.50 of a grain size distribution measured by a laser diffraction method;
and c) a press-less magnet-production process including a step of putting fine
powder of the NdFeB alloy into a filling container and a subsequent step of
orienting and sintering the fine powder as held in the filling container, wherein:
the fine pulverization process and the press-less magnet-production process are
performed without thermal dehydrogenation for desorbing the hydrogen
occluded in the hydrogen pulverization process; and the processes from the
hydrogen pulverization process through the press-less magnet-production
process are performed in an oxygen-free atmosphere.

Filed: 9,005,780 Assignee: Rare earth magnet, method for producing same and method for producing
March 28, TDK Corporation multilayer body
2005 (Tokyo, Japan)
Abstract
Issued: ) o ) _ o
April 14, The present invention aims to provide a rare earth magnet having sufficiently
2015 excellent anticorrosion property. The rare earth magnet 1 according to the
present invention to solve the above problems includes a magnet body 10
Expires: containing rare earth elements, a substantial amorphous layer 20 formed on a
March surface of the magnet body 10, and a protecting layer 30 on a surface of the

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 6-28-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=3&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=122&f=G&l=50&co1=AND&d=PTXT&s1=%22rare+earth%22&s2=magnet&OS=%22rare+earth%22+AND+magnet&RS=%22rare+earth%22+AND+magnet

U.S. Rare Earth Magnet Patents Table © 6-28-2016 page 61
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

2025 amorphous layer 20, and the amorphous layer 20 contains material identical to
main component elements of magnet material contained in the magnet body
10.

The invention claimed is:

1. A rare earth magnet comprising[presumptive composition of matter] : a
magnet body containing a rare earth element; an amorphous layer formed on a
surface of the magnet body and containing amorphous substance; and a
protecting layer formed on a surface of the amorphous layer, wherein the
magnet body is polycrystalline and contains polycrystal substance, a boundary
between the magnet body and the amorphous layer includes a region where the
polycrystal substance of the magnet body and the amorphous substance of the
amorphous layer are mixed, the amorphous layer has a film thickness from 0.3
to 10 .mu.m, the protecting layer consists of aluminum, the amorphous layer is
amorphized from a surface of the magnet body and contains an element
identical to a main component element of a magnet material contained in the
magnet body, a roughness Ra of a boundary between the magnet body and the
amorphous layer ranges from 1.27 to 1.45 .mu.m, a roughness Ra of a
boundary between the amorphous layer and the protecting layer ranges from
0.68 to 0.85 .mu.m, and a coefficient of thermal expansion of the magnet body
is substantially similar to a coefficient of thermal expansion of the amorphous

layer.
Filed: 8,986,568 Assignee: Sintered magnet and method for producing the sintered magnet
March 31, TDK Corporation
2011 (Tokyo, Japan) Abstract
Issued: The present invention aims to ensure strength of a thin-walled sintered magnet.
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March 24, A sintered magnet is a ferrite sintered magnet made by sintering a magnetic
2015 material. A magnetic powder mixture obtained by mixing magnetic powder
with a binder resin is injection-molded into a mold with a magnetic field
Expires: applied thereto to produce a molded body, which is then sintered to produce
March the sintered magnet. The sintered magnet has a thickness of 3.5 mm or less in
2031 the position of center of gravity thereof. The sintered magnet has a surface

roughness Rz of 0.1 .mu.m or more and 2.5 .mu.m or less. The surface
roughness Rz is a 10 point average roughness.

The invention claimed is:

1. A sintered magnet made by [presumptive process/method]: sintering a
magnetic material, the sintered magnet having a thickness of 3.5 mm or less in
the position of center of gravity thereof and a surface roughness Rz of 2.5
.mu.m or less, And the sintered magnet is a hard ferrite sintered magnet.

2. The sintered magnet according to claim 1, wherein the surface roughness Rz
is 0.1 .mu.m or more [presumptive composition of matter]. .

BACKGROUND

Sintered magnets are widely used for motors and the like mounted in
household electric appliances, automobiles, and the like. In recent years,
smaller and thinner-walled sintered magnets are sought after for requirements
for space saving, fuel economy improvement, and the like. In order to improve
strength of a ferrite sintered magnet, for example, Japanese Patent Application
Laid-Open No. 2002-353021 discloses a technique described below. In this
technique, powder to be molded is substantially composed of magnetic powder
obtained by powderizing a ferrite sintered magnet containing Fe, an element A,
an element R and an element M, or substantially composed of the magnetic
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powder and raw material powder containing Fe, the element A, the element R
and the element M. ......

FIG. 5 is a flow chart illustrating a procedure of another method for producing
a sintered magnet according to the present embodiment. The sintered magnet
to be described below is a sintered metallic magnet, and particularly a rare-
earth sintered magnet having a composition of R--Fe--B (where R is a rare-
earth element). The sintered metallic magnet to which the method for
producing a sintered magnet according to the present embodiment can be
applied is not limited to this type. In the present embodiment, two or more
types of alloys are combined so as to obtain a final composition, and then
sintered to produce the sintered magnet. In the present embodiment, an alloy
(low R alloy) mainly composed of R.sub.2Fe.sub.14B crystal grains is
combined with an alloy containing a higher amount of R than the low R alloy
(high R alloy). However, three or more types of alloys can be combined.
Otherwise, the rare-earth sintered magnet can be produced from one type of
alloy. When the sintered magnet is produced using the method for producing
the sintered magnet according to the present embodiment, the low R alloy and
the high R alloy are prepared (step S21).

The low R alloy and the high R alloy are prepared, for example, using a strip
casting method. The strip casting method is preferably used because it can
improve magnetic characteristics by suppressing the crystal grains from
growing in the low R alloy and the high R alloy. The method for preparing the
low R alloy and the high R alloy is not limited to this method, but a casting
method (such as a centrifugal casting method) can be used. Next, the low R
alloy and the high R alloy are coarsely milled (step S22). In the present
embodiment, hydrogen milling or mechanical milling (such as disk milling) is
used for the coarse milling. However, the method for the coarse milling is not
limited to these methods.
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In the case of performing the hydrogen milling in the present embodiment, the
low R alloy and the high R alloy are held in a hydrogen atmosphere for one
hour to five hours at a temperature between about room temperature and
100.degree. C. to allow the low R alloy and the high R alloy to occlude
hydrogen and to be milled. Thereafter, the low R alloy and the high R alloy are
heated to a temperature of 500.degree. C. to 600.degree. C., and held at that
temperature for about one hour to about ten hours so as to be dehydrogenated.
After the coarse milling is finished, the coarsely milled powders of the low R
alloy and the high R alloy are finely milled (step S23). In the present
embodiment, jet milling using an inert gas (such as N.sub.2 gas) is used (but
not limited thereto) for the fine milling. By the fine milling, low R alloy
powder is obtained from the low R alloy, and high R alloy powder is obtained
from the high R alloy.

The low R alloy powder and the high R alloy powder after being prepared are
mixed at a predetermined ratio (step S24). After the low R alloy powder and
the high R alloy powder are mixed, the powder mixture of the low R alloy
powder and the high R alloy powder is molded into a predetermined shape to
be produced as a molded body (step S25). In the molding of the powder
mixture, a predetermined molding pressure is applied to the powder mixture to
mold it. In this case, the molding is preferably performed in a magnetic field of
an intensity of 800 kA/m or more in order to orient the low R alloy powder and
the high R alloy powder. The molding pressure is preferably from about 10
MPa to about 500 MPa.

Thereafter, the molded body thus obtained is sintered (step S26). In the
sintering, the molded body obtained in step S25 is sintered in vacuum (reduced
pressure atmosphere) for a predetermined time at a predetermined temperature,
and thus, a sintered body is obtained. For example, the sintering temperature is
set in the range from 1000.degree. C. to 1100.degree. C., and the molded body
is sintered for about one hour to about ten hours. A short sintering time
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increases variability in density and magnetic characteristics of the obtained
sintered body while a too long sintering time reduces the productivity of the
sintered magnet. Therefore, the sintering time is determined by considering a
balance between the variability and the productivity.

After the sintering process is finished, an aging treatment is applied to the
sintered body in air, or preferably, in an inert gas atmosphere (step S27). The
aging treatment is a treatment of adjusting the magnetic characteristics of the
sintered magnet to be obtained by holding the sintered body for a
predetermined time at a temperature lower than the sintering temperature and
thus by adjusting a structure of the sintered body. The aging treatment is
applied under appropriate conditions so as to obtain high magnetic
characteristics (such as a coercive force HcJ and a good squareness). The aging
treatment can be applied in two stages. In this case, the aging temperature is
kept at 700.degree. C. to 900.degree. C. at the first stage, and at 450.degree. C.
to 600.degree. C. at the second stage, and the sintered body is held in each of
the temperature ranges for one hour to ten hours.

The sintered body after finishing the aging treatment is processed as necessary
(step S28). The sintered magnet according to the present embodiment needs to
be made to have a surface roughness Rz of 2.5 .mu.m or less before being
subjected to a surface treatment. For this reason, the sintered body after
finishing the aging treatment and necessary processing is ground on surfaces
thereof as necessary so as to have the surface roughness Rz of 2.5 .mu.m or
less, and thus is made to be a sintered magnet. This sintered magnet has the
surface roughness Rz of 2.5 .mu.m or less, and thus is ensured to have a
sufficient strength even if it is thin-walled. A surface treatment (such as plating
or resin coating) for suppression of corrosion is applied to the sintered magnet
having the surface roughness Rz of 2.5 .mu.m or less. The sintered magnet is
then magnetized.
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In the molding process (step S25), the molded body may be obtained by
injection molding. In this case, the molded body is produced in the following
manner. First, the low R alloy powder and the high R alloy powder prepared
by the procedure up to step S24 are mixed at a predetermined ratio to obtain
magnetic powder. The obtained magnetic powder is mixed with a binder resin,
a wax, a lubricant, and a plasticizer, and then kneaded with a kneader for a
predetermined time (about two hours) at a temperature of about 150.degree. C.
to obtain a kneaded mixture. This kneading is the same as the kneading
performed in step S16 described above. The obtained kneaded mixture is
molded with a pelletizer (such as a twin taper single extruder). Thus, pellets
(magnetic powder mixture) in which the magnetic powder is dispersed in the
binder resin are obtained. The obtained pellets are injection-molded to obtain a
magnetic powder molded body. The injection molding is the same as that
performed in step S17 described above.

As described above, by setting the surface roughness Rz to 2.5 .mu.m or less,
the sintered magnet according to the present embodiment can be ensured to
have a sufficient strength even if it is thin-walled. In the method for producing
a sintered magnet according to the present embodiment, the magnetic powder
mixture that is a mixture of the magnetic powder and the binder resin is
injection-molded into the mold, and the mold has a surface roughness of 3.0
.mu.m or less on the surface thereof in contact with the magnetic powder
mixture. The sintered magnet having the surface roughness Rz of 2.5 .mu.m or
less can easily be produced by sintering a molded body obtained from such a
mold.

In the case of production of the ferrite sintered magnet among types of sintered
magnet, Si and the like are sometimes added as an auxiliary agent in the
middle of the process. However, after sintering, most of these elements gather
at crystal grain boundaries of the sintered magnet, and hardly appear on the
surface. The rare-earth sintered magnet is subjected to the aging treatment
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after the sintering. However, the temperature of the aging treatment is lower
than a temperature required for forming a heterogeneous phase in a glass state
containing Si and the like. In addition, the ferrite sintered magnet is not
generally subjected to a heat treatment after the sintering. Therefore, in the
sintered magnet, the surface roughness Rz cannot be reduced by making the
heterogeneous phase appear on the surface of the sintered magnet.
Accordingly, in order to ensure the strength of the thin-walled sintered magnet,
it is necessary to reduce the surface roughness Rz of the sintered magnet itself
without making the heterogeneous phase appear on the surface thereof.

Filed: Dec | 8,981,888 Assignee: Magnetic body
19, 2011 TDK Corporation

(Tokyo, Japan) Abstract
Issued: A magnetic body which can reversibly change its magnetic force with a small
March 17, external magnetic field while having a high residual magnetic flux density is
2015 provided. The magnetic body of the present invention has a residual magnetic

flux density Br of at least 11 kG and a coercive force HcJ of 5 kOe or less,

Expires: while an external magnetic field required for the residual magnetic flux density
Dec. 2031 Br to become 0 is 1.10 HcJ or less.

The invention claimed is:

1. A magnetic body comprising: a residual magnetic flux density Br of at least
11 kG; and a coercive force HcJ of 5 kOe or less; wherein an external magnetic
field required for the residual magnetic flux density Br to become 0 is 1.049
HcJ or less [presumptive composition of matter.

2. A magnetic body according to claim 1, further comprising a rare-earth
element R, a transition metal element T, and boron B [presumptive
composition of matter].
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3. A magnetic body comprising: a residual magnetic flux density Br of at least
11 kG; and a coercive force HcJ of 5 kOe or less; wherein an external magnetic
field required for the residual magnetic flux density Br to become 0 is 1.10 HcJ
or less, and wherein said magnetic body includes crystal particles having a
rare-earth element R, a transition metal element T, and boron B, and the
content of Cu in said particles is 0.5 to 0.6 atom % to the total atoms present
within said crystal particles.

4. A magnetic body according to claim 1, wherein the content of Cu in said
magnetic body to the total mass of said magnetic body is 1.0 to 1.25 mass %.

Filed: 8,980,116 Assignee: Ferrite sintered magnet
February
27, 2008 TDK Corporation Abstract
(Tokyo, Japan) : : : : :

Issued: A sintered ferrite magnet having a ferrite phase with a hexagonal structure as
March 17, the main phase, wherein the composition of the metal elements composing the
2015 main phase is represented by the following general formula (1):

R.sub.xCa.sub.mA.sub.1-x-m(Fe.sub.12-yM.sub.y).sub.z: (1), x, m, yand z in
Expires: formula (1) satisfying all of the conditions represented by the following
February formulas (2)-(6): 0.2.1toreq.x.ltoreq.0.5: (2) 0.13.ltoreq.m.ltoreq.0.41: (3) 0.7x-
2028 m.ltoreq.0.15: (4) 0.18.ltoreq.yz.ltoreq.0.31: (5) 9.6.ltoreq.12z.1toreq.11.8: (6),

and wherein the density of the sintered ferrite magnet is at least 5.05
g/cm.sup.3, and the crystal grains of the sintered ferrite magnet satisfy all of
the conditions represented by the following formulas (7) and (8), where L
.mu.m is the average for the maximum value and S .mu.m is the average for
the minimum value among the diameters passing through the center of gravity
of each grains in the crystal cross-section parallel to the c-axis direction of
hexagonal structures. L.ltoreq.0.95: (7) 1.8.ltoreq.L/S.Itoreq.2.5: (8).
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The invention claimed is:

1. A sintered ferrite magnet having a ferrite phase with a hexagonal structure
as the main phase, wherein the composition of the metal elements composing
the main phase is represented by the following general formula [presumptive
composition of matter], (1): R.sub.xCa.sub.mA.sub.1-x-m(Fe.sub.12-
yM.sub.y).sub.z: (1) wherein R represents at least one element selected from
the group consisting of La, Ce, Pr, Nd and Sm and including La as an essential
component, A represents Sr and/or Ba, and M represents at least one element
selected from the group consisting of Co, Zn, Ni, Mn, Al and Cr and including
Co as an essential component, x, m, y and z in formula (1) satisfying all of the
conditions represented by the following formulas (2), (3), (4), (5) and (6):
0.2.Itoreq.x.Itoreq.0.5: (2) 0.13.Itoreq.m.ltoreq.0.41: (3) 0.7x-m.ltoreq.0.15: (4)
0.18.Itoreq.yz.ltoreq.0.31: (5) 9.6.ltoreq.12z.ltoreq.11.8: (6), wherein the
density of the sintered ferrite magnet is at least 5.05 g/cm.sup.3, and the crystal
grains of the sintered ferrite magnet satisfy all of the conditions represented by
the following formulas (7) and (8), where L .mu.m is the average for the
maximum value and S .mu.m is the average for the minimum value among the
diameters passing through the center of gravity of each grains in the crystal
cross-section parallel to the c-axis direction of hexagonal structures,
L.ltoreq.0.95: (7) 1.8.Itoreq.L/S.ltoreq.2.5: (8).

2. The sintered ferrite magnet according to claim 1, wherein the sintered ferrite
magnet is formed from a finely milled material having a mean particle size of
0.1-0.3.mu.m. [presumptive composition of matter]

BACKGROUND ART

Hexagonal Ba ferrite and Sr ferrite are known in the prior art as magnetic
materials for use in sintered ferrite magnets. In recent years, magnetoplumbite
(M-type) Ba ferrite and Sr ferrite have become the most commonly used
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ferrites. M-type ferrite is represented by the general formula
AFe.sub.120.sub.19, with Ba or Sr as the element represented by A. M-type
ferrites, wherein the element represented by A is Sr with a portion thereof
being replaced with a rare earth element and a portion of the Fe being replaced
with Co, are known to exhibit excellent magnetic properties including residual
flux density and coercive force (for example, see Patent documents 1 and 2).
Such M-type ferrites must contain La as the rare earth element. This is because
La is the rare earth element that has the highest solubility limit for hexagonal
M-type ferrite. Patent documents 1 and 2 also teach that using La as a
substitute element for the element represented by A can increase solubility of
the Co which is substituting for a portion of the Fe, thus enhancing the
magnetic properties as a result.

Filed: 8,961,868 Assignee: Nanocomposite bulk magnet and process for producing same

March 30, Hitachi Metals, Ltd.

2010 (Tokyo, Japan) Abstract

Issued: In a nanocomposite bulk magnet according to the present invention,

February nanocomposite magnet powder particles, including an Nd.sub.2Fe.sub.14B

242015 crystalline phase and an .alpha.-Fe phase, are combined together. The
composition of the magnet is represented by T.sub.100-x-y-z-n(B.sub.1-

Expires: 0C.sub.qg).sub.xR.sub.yTi.sub.zM.sub.n, where T is at least one transition metal

March element selected from the group consisting of Fe, Co and Ni and always

2030 including Fe, R is at least one rare-earth element including substantially no La

or Ce, M is an additive metallic element, and X, y, z, n and q satisfy 4 at
%.ltoreq.x.ltoreq.10 at %, 6 at %.ltoreq.y.ltoreq.10 at %, 0.05 at
%.ltoreq.z.ltoreq.5 at %, 0 at %.ltoreq.n.ltoreq.10 at %, and
0.Itoreq.q.ltoreq.0.5, respectively. The powder particles have a minor-axis size
of less than 40 .mu.m. And powder particles, of which the major-axis size
exceeds 53 .mu.m, account for at least 90 mass % of the entire magnet. And
those powder particles are directly combined with each other. Consequently, a
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full-dense magnet, of which the density is 96% or more of the true density of
its material alloy, is realized.

The invention claimed is:

1. A method for producing [presumptive process/method] a nanocomposite
bulk magnet, the method comprising the steps of: providing a melt of an alloy
having a composition represented by the compositional formula: T.sub.100-x-
y-z-n(B.sub.1-qC.sub.qg).sub.xR.sub.yTi.sub.zM.sub.n, where T is at least one
transition metal element that is selected from the group consisting of Fe, Co
and Ni and that always includes Fe, R is at least one rare-earth element
including substantially no La or Ce, and M is at least one metallic element
selected from the group consisting of Al, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb,
Mo, Ag, Hf, Ta, W, Pt, Au and Pb, and the mole fractions x, y, z, nand q
satisfy the inequalities of: 4 at %.ltoreq.x.ltoreq.10 at %, 6 at
%.ltoreq.y.ltoreq.10 at %, 0.05 at %.ltoreq.z.ltoreq.5 at %, O at
%.ltoreq.n.ltoreq.10 at %, and 0.ltoreq.q.ltoreq.0.5, respectively, quenching the
melt to make a rapidly solidified alloy, at least 30 vol % of which is crystalline
phases that include an R.sub.2T.sub.14B phase and an .alpha.-Fe phase and
that have an average crystal grain size of 100 nm or less and the balance of
which is amorphous phases and which has a thickness of less than 40 .mu.m;
pulverizing the rapidly solidified alloy, thereby obtaining a powder, at least 90
mass % of which is accounted for by powder particles with a major-axis size of
more than 53 .mu.m; and compacting the powder while heating and pressing
the powder, thereby making a bulk body in which nanocomposite magnet
powder particles including the R.sub.2T.sub.14B phase and the .alpha.-Fe
phase are combined together and of which the density is 96% or more of the
true density of the alloy.

2. The method of claim 1, [presumptive process/method] wherein the step of
quenching the melt includes quenching the melt at a quenching rate of
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5.times.10.sup.4.degree. C./s to 5.times.10.sup.7.degree. C./s.

3. The method of claim 1, wherein the step of quenching the melt includes
controlling the standard deviation .sigma. of the thickness of the rapidly
solidified alloy to 4 .mu.m or less.

4. The method of claim 1, wherein the step of compacting includes
crystallizing the amorphous phases of the powder particles, thereby forming a
nanocomposite magnet structure, 5 vol % to 60 vol % of which is accounted
for by an .alpha.-Fe phase with an average crystal grain size of 1 nm to 50 nm
and 40 vol % to 95 vol % of which is accounted for by an R.sub.2T.sub.14B
phase with an average crystal grain size of 5 nm to 100 nm.

Filed: 8,961,712 Assignee: Rare earth based sintered magnet

August 2, TDK Corporation

2012 (Tokyo, Japan) Abstract

Issued: The present invention provides a rare earth based sintered magnet. The magnet

February is a rare earth based permanent magnet with a R-T-B (R represents one or

242015 more elements selected from Y and rare earth elements, T represents one or
more metal elements including Fe or the combination of Fe and Co, and B

Expires: represents B or the combination of B and C) based composition. When a R-

August rich phase (R represents rare earth element(s)) with atomic ratio of

2032 (Fe+Co)/(LR+HR+Fe+Co).ltoreq.0.2 (LR represents Y and light rare earth

element(s) selected from .sup.57La to .sup.63Eu, and HR represents heavy rare
earth element(s) selected from .sup.64Gd to .sup.71Lu) is present in the grain
boundary triple point, a region with HR/(LR+HR).gtoreq.0.01 (atomic ratio) is
present in the R-rich phase, and the region with HR/(LR+HR).gtoreq.0.01
accounts for 10% to 90% of the area of the grain boundary triple point.

What is claimed is:
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1. A rare earth based sintered magnet, wherein, it is a rare earth based
permanent magnet having a R-T-B based composition [presumptive
composition of matter] , wherein, R represents one or more elements selected
from Y and rare earth elements, T represents one or more metal elements
containing Fe or the combination of Fe and Co, and B represents B or the
combination of B and C, a R-rich phase with the atomic ratio of
(Fe+Co)/(LR+HR+Fe+Co).ltoreq.0.2 is present in the grain boundary triple
point, and a region with the atomic ratio of HR/(LR+HR).gtoreq.0.01 is present
in the R-rich phase and accounts for 10% to 90% of the area of the grain
boundary triple point, wherein, LR represents one or more elements selected
from Y and the light rare earth elements from .sup.57La to .sup.63Eu, and HR
represents one or more elements selected from the heavy rare earth elements
from .sup.64Gd to .sup.71Lu, said LR at least contains Nd or Pr, and said HR
at least contains Dy or Tbh.

2. The rare earth based sintered magnet according to claim 1, wherein, when
the magnet was observed via an electron probe microanalyzer (EPMA) in a
visual field of 10-100 .mu.m.times.10-100 .mu.m, the CV value of the
detection signal of HR in the visual filed excluding the 50 .mu.m part of the
surface layer of the magnet ranges from 0.15 to 0.5, and the CV value is
obtained by dividing the standard deviation of all analysis points by the
arithmetic mean of all analysis points.

3. The rare earth based sintered magnet according to claim 1, wherein, the
content of R is 25 mass % or more and 35 mass % or less, the content of B is
0.9 mass % or more and 1.1 mass % or less, and the balance is the composition
substantially containing T. [presumptive composition of matter]

4. The rare earth based sintered magnet according to claim 2, wherein, the
content of R is 25 mass % or more and 35 mass % or less, the content of B is
0.9 mass % or more and 1.1 mass % or less, and the balance is the composition
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substantially containing T.

Filed: 8,945,318 Assignee: R-Fe-B type rare earth sintered magnet and process for production of the same
April 26, Hitachi Metals, Ltd.
2012 (Tokyo, Japan) Abstract
In an R--Fe--B based rare-earth sintered magnet according to the present
Issued: invention, at a depth of 20 .mu.m under the surface of its magnet body, crystal
February 3, grains of an R.sub.2Fe.sub.14B type compound have an (RL.sub.1-
2015 XRH.sub.x).sub.2Fe.sub.14B (where 0.2.ltoreq.x.ltoreq.0.75) layer with a
thickness of 1 nm to 2 .mu.m in their outer periphery. In this case, the light
Expires: rare-earth element RL is at least one of Nd and Pr, and the heavy rare-earth
April 2032 element RH is at least one element selected from the group consisting of Dy,
Ho and Th.

The invention claimed is:

1. An R--Fe--B based rare-earth sintered magnet comprising [composition of
matter] an R--Fe--B based rare-earth sintered magnet body that includes, as a
main phase, crystal grains of an R.sub.2Fe.sub.14B type compound, including
a light rare-earth element RL, which is at least one of Nd and Pr, as a major
rare-earth element R, and a heavy rare-earth element RH, which is at least one
element selected from the group consisting of Dy, Ho and Tbh, wherein at a
depth of 20 .mu.m under the surface of the R--Fe--B based rare-earth sintered
magnet body, the crystal grains of the R.sub.2Fe.sub.14B type compound
include an RH diffused layer at an outer periphery of the crystal grains, the RH
diffused layer having an average thickness of 2 .mu.m or less and having a
composition of (RL.sub.1-xRH.sub.x).sub.2Fe.sub.14B, where
0.2.1toreq.x.Itoreq.0.75, wherein at a depth of 500 .mu.m under the surface of
the R--Fe--B based rare-earth sintered magnet body, the crystal grains of the
R.sub.2Fe.sub.14B type compound have an RH diffused layer with an average
thickness of 0.5 .mu.m or less in their outer periphery, wherein the surface of
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the R--Fe--B based rare-earth sintered magnet body is a machined surface that
Is not covered with a metal layer of the heavy rare-earth element RH and that is
a surface of the R--Fe--B based rare-earth sintered magnet body, from which
its surface portion has already been removed after the heavy rare-earth element
RH has been introduced into the R--Fe--B based rare-earth sintered magnet
body from outside of the R--Fe--B based rare-earth sintered magnet body,
wherein the R--Fe--B based rare-earth sintered magnet body has a size of 1

mm to 4 mm as measured in a thickness direction, wherein a difference
.DELTA.H.sub.cJ1 in coercivity is 150 kA/m or less between: the entire R--Fe-
-B based rare-earth sintered magnet body; and a portion of the R--Fe--B based
rare-earth sintered magnet body below a distance of 200 .mu.m from the
surface of the R--Fe--B based rare-earth sintered magnet body, and wherein the
magnet has an RH-RL-O compound in at least one grain boundary triple
junction, which is located at a depth of 100 .mu.m or less under the surface of
the R--Fe--B based rare-earth sintered magnet body.

Filed: 8,907,755 Assignee: R-T-B-based rare earth magnet particles, process for producing the R-T-B-
March 15, based rare earth magnet particles, and bonded magnet
2013 Toda Kogyo
Corporation (Otake- Abstract

Issued: shi, Hiroshima-ken, R-T-B-based rare earth magnet particles are produced by an HDDR treatment
December Japan) which comprises a first stage HD step of heating particles of a raw material
9,2014 alloy having a composition of R, B and Co in an inert atmosphere or in a

vacuum atmosphere and then replacing the atmosphere with a hydrogen-
Expires: containing gas atmosphere in which the raw material alloy particles are held in
March the same temperature range and a second stage HD step of heating a material
2033 obtained in the first stage HD step in which the material is held in the

hydrogen-containing gas atmosphere.
What is claimed is:

1. A process for producing R-T-B-based rare earth magnet particles
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[process/method] by HDDR treatment, comprising: a first stage HD step of
heating particles of a raw material alloy to a temperature range of not lower
than 770.degree. C. and not higher than 820.degree. C. in an inert atmosphere
or in a vacuum atmosphere and then replacing the atmosphere with a
hydrogen-containing gas atmosphere in which the raw material alloy particles
are held in the same temperature range for not shorter than 30 min and not
longer than 150 min, said raw material alloy comprising R (wherein R
represents at least one rare earth element including Y), T (wherein T represents
Fe, or Fe and Co) and B (wherein B represents boron), and having a
composition comprising R in an amount of not less than 12.5 atom % and not
more than 14.3 atom %, B in an amount of not less than 4.5 atom % and not
more than 7.5 atom % and Co in an amount of not more than 10 atom %; and a
second stage HD step of heating a material obtained in the first stage HD step
again to a temperature range of not lower than 830.degree. C. and not higher
than 870.degree. C. in which the material is held in the hydrogen-containing
gas atmosphere for not shorter than 60 min and not longer than 240 min.

2. The process for producing R-T-B-based rare earth magnet particles
according to claim 1, wherein the raw material alloy further comprises Ga and
Zr, and has a composition comprising Ga in an amount of not less than 0.1
atom % and not more than 1.0 atom % and Zr in an amount of not less than
0.05 atom % and not more than 0.15 atom %.

3. R-T-B-based rare earth magnet particles comprising [composition of
matter] R (wherein R represents at least one rare earth element including Y),
T (wherein T represents Fe, or Fe and Co) and B (wherein B represents boron),
and having a composition comprising R in an amount of not less than 12.5
atom % and not more than 14.3 atom %, B in an amount of not less than 4.5
atom % and not more than 7.5 atom % and Co in an amount of not more than
10.0 atom %, in which a squareness (H.sub.k/H.sub.cJ) of a demagnetization
curve of the R-T-B-based rare earth magnet particles is not less than 0.5, and a
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difference DB.sub.r between a residual magnetic flux density (B.sub.r106) of
oversize particles obtained therefrom using a sieve of sieve opening 106 mm
and a residual magnetic flux density (B.sub.r38) of undersize particles obtained
therefrom using a sieve of sieve opening 38 mm is not more than 0.02T.

4. A bonded magnet comprising the R-T-B-based rare earth magnet particles as
defined in claim 3

Filed: 8,866,574 Assignees: Rare earth magnet and process for producing same
March 8,
2012 Kabushiki Kaisha Abstract
Toyota Chuo
Issued: Kenkyusho A process for producing a rare earth magnet comprises: an adhesion step of
October causing a diffusion element capable of diffusing inwardly to adhere to the
21,2014 Toyota Jidosha surface part of a magnet material comprising a compact or sintered body of
Kabushiki Kaisha rare earth alloy particles; and an evaporation step of heating the magnet
Expires: material in vacuum to evaporate at least a portion of the diffusion element
October (Nagakute-shi, Japan) | having been retained on or in the surface part of the magnet material.
2032

The invention claimed is:

1. A process for producing [process/method] a rare earth magnet, the process
comprising: an adhesion step of causing a diffusion element capable of
diffusing inwardly to adhere to a surface part of a magnet material comprising
a compact or sintered body of rare earth alloy particles; and an evaporation
step of heating the magnet material in vacuum to evaporate at least a portion of
the diffusion element having been retained on or in the surface part of the
magnet material, wherein: the adhesion step is a vapor deposition step that
causes heated magnet material and heated diffusion material including the
diffusion element to come close to each other in vacuum and exposes the
magnet material to a vapor of the diffusion element evaporated from the
diffusion material thereby to vapor deposit the diffusion element on the surface
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of the magnet material; the evaporation step is a step that, subsequently to the
vapor deposition step, heats the magnet material in vacuum without cooling the
magnet material to room temperature region; and the adhesion step and the
evaporation step are repeated in this order

Filed: 8846136 Assignee Production method of rare earth magnet
Sept 13, Toyota Jidosha
2011 Kabushiki Kaisha ABSTRACT
Provides a production method of an anisotropic rare earth magnet capable of
Issued: (Tokyo, Japan) being enhanced in coercivity without adding a large amount of a rare metal
Sep 30, such as Dy and Th. A production method of a rare earth magnet, comprising a
2014 step of bringing a compact obtained by applying hot working to impart
anisotropy to a sintered body having a rare earth magnet composition into
Expires: contact with a low-melting-point alloy melt containing a rare earth element.
Sept 2031

The invention claimed is:

1. A production method [process/method] of a rare earth magnet, comprising
a step of bringing a compact obtained by applying hot working to impart
anisotropy to a sintered body having a rare earth magnet composition into
contact with a low-melting-point alloy melt containing a rare earth element,
wherein said low-melting-point alloy melt containing a rare earth element is
composed of an alloy having a melting point of less than 700° C. but not less
than 480° C., and wherein the resulting rare earth magnet has a coercivity (Hc)
of 17.5 kOe or greater at 300 k.

Filed: 8,845,821 Assignee: Process for production of R-Fe-B-based rare earth sintered magnet, and steam
July 8, control member
2010 Hitachi Metals, Ltd.
Abstract
Issued: (Tokyo, Japan)
September A sintered R--Fe--B based rare-earth magnet body 1 including, as a main
30, 2014 phase, crystal grains of an R.sub.2Fe.sub.14B type compound that includes a

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 6-28-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=8846136&OS=8846136&RS=8846136
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=2&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=83&f=G&l=50&co1=AND&d=PTXT&s1=%22rare+earth%22&s2=magnet&OS=%22rare+earth%22+AND+magnet&RS=%22rare+earth%22+AND+magnet

U.S. Rare Earth Magnet Patents Table © 6-28-2016 page 79
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

light rare-earth element RL, which is Nd and/or Pr, as a major rare-earth

Expires: element R is provided. A bulk body 2 including a heavy rare-earth element
September RH, which is at least one of Dy, Ho and Tb is also provided. The sintered
2030 magnet body 1 and the bulk body 2 are arranged in a processing chamber 4

with a vapor control member 3 interposed between the sintered magnet body 1
and the bulk body 2. And the inside of the processing chamber 4 is heated to a
temperature of 700.degree. C. to 1000.degree. C., thereby diffusing the heavy
rare-earth element RH inside the sintered magnet body 1 while supplying the
heavy rare-earth element RH from the bulk body 2 to the surface of the
sintered magnet body 1 via the vapor control member 3.

The invention claimed is:

1. A method for producing [process/method] a sintered R--Fe--B based rare-
earth magnet, the method comprising the steps of: providing a sintered R--Fe--
B based rare-earth magnet body including, as a main phase, crystal grains of an
R.sub.2Fe.sub.14B type compound that includes a light rare-earth element RL,
which is at least one of Nd and Pr, as a major rare-earth element R; providing a
bulk body including a heavy rare-earth element RH, which is at least one
element selected from the group consisting of Dy, Ho and Tb; arranging the
sintered R--Fe--B based rare-earth magnet body and the bulk body in a
processing chamber with a vapor control member interposed between the
sintered R--Fe--B based rare-earth magnet body and the bulk body; and heating
the inside of the processing chamber to a temperature of 700.degree. C. to
1000.degree. C., thereby diffusing the heavy rare-earth element RH into the
sintered R--Fe--B based rare-earth magnet body while supplying the heavy
rare-earth element RH from the bulk body to the surface of the sintered R--Fe--
B based rare-earth magnet body via the vapor control member, wherein the
vapor control member includes: an upper surface and a lower surface; a
plurality of openings, which communicate between the upper and lower
surfaces; and a wall portion, which defines the openings, and wherein the wall
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portion has a thickness of 0.5 mm or less, each said opening of the vapor
control member has a depth of 1 mm to 10 mm, D/A is equal to or smaller than
8 mm.sup.-1, where each said opening of the vapor control member has an area
of A [mm.sup.2] and a depth of D [mm], and in the step of heating, a gap
between the sintered R--Fe--B based rare-earth magnet body and the vapor
control member is set to be within a range of 0 mm to 10 mm, a gap between
the vapor control member and the bulk body is set to be within a range of 0
mm to 10 mm, and a gap between the sintered R--Fe--B based rare-earth
magnet body and the bulk body is set to be 10 mm or less.

Filed: 8,823,478 Assignee: Rare earth sintered magnet, method for producing same, motor and automobile

March 28,

2011 TDK Corporation Abstract

Issued: (Tokyo, JP) A rare earth sintered magnet 10 including a magnet body that includes a rare

September earth compound, and a protective layer on the magnet body, having a first layer

2,2014 and a second layer in that order from the magnet body side, wherein the
surface portion of the magnet body has a higher heavy rare earth element

Expires: content than the interior of the magnet body that is surrounded by the surface

September portion, the first layer includes a rare earth oxide, the mass ratio of the heavy

2031 rare earth element being 1 or greater with respect to the light rare earth

element, and the second layer includes an oxide containing iron and/or boron
which is different from the rare earth oxide, the second layer having a lower
rare earth oxide content than the first layer.

The invention claimed is:

1. A rare earth sintered magnet comprising [composition of matter] : a
magnet body that includes a rare earth compound; and a protective layer on the
magnet body, the protective layer having a first layer and a second layer in that
order from the magnet body, wherein a surface portion of the magnet body has
a higher heavy rare earth element content than a heavy rare earth element
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content of an interior portion of the magnet body, the interior portion
surrounded by the surface portion, the first layer comprises a rare earth oxide
having a heavy rare earth element and a light rare earth element, a mass ratio
of the heavy rare earth element being 1 or greater as compared to the light rare
earth element of the first layer, the second layer comprises an oxide containing
at least one of iron boron which is different from the rare earth oxide, and the
second layer has a lower rare earth oxide content than the first layer.

2. The rare earth sintered magnet according to claim 1, wherein the second
layer contains essentially no rare earth oxide.

Filed: 8,821,649 Assignee: Magnetic material and motor using the same

February

17,2011 Hitachi, Ltd. Abstract

Issued: (Tokyo, Japan) Characteristics of a magnetic material are improved without using a heavy rare

September earth element as a scarce resource. By incorporating fluorine into a magnetic

2,2014 powder and controlling the crystal orientation in crystal grains, a magnetic
material securing magnetic characteristics such as coercive force and residual

Expires: flux density can be fabricated. As a result, the resource problem with heavy

September rare earth elements can be solved, and the magnetic material can be applied to

2031 magnetic circuits that require a high energy product, including various rotating

machines and voice coil motors of hard discs.
What is claimed is:

1. A magnetic material comprising [composition of matter] a main phase
comprising fluorine and a magnetic powder, the magnetic powder comprising
at least one crystal grain having a uniform crystal structure and an angular
difference in crystal orientation of 45.degree. or less in average in the crystal
structure, wherein the magnetic material is obtained by a fluorination reaction
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of the magnetic powder at a temperature from 50.degree. to less than
500.degree. C. in an atmosphere of a fluorine-containing gas generated by
decomposing a member selected from the group consisting of ammonium
fluoride, xenon fluoride, ammonium hydrogen fluoride, ammonium acid
fluoride, salts composed of an amine and hydrogen fluoride, and krypton
fluoride, wherein the magnetic powder comprises at least two compositions of
fluoride; fluorine atoms are disposed at interstitial positions of iron or at
interstitial positions of a transition metal element excluding iron and a rare
earth element; and the composition formula is represented by:
RE.sub.x(Fe.sub.sM.sub.T).sub.YF.sub.Z+RE.sub.U(Fe.sub.SM.sub.T).sub.VF
.5- ub.W wherein RE denotes a rare earth element, M denotes a transition metal
element excluding iron and a rare earth element, F denotes fluorine, X, Y, Z, S,
T, U, V and W are positive numbers, (Fe.sub.sM.sub.T).sub.YF.sub.Z
represents a composition of a central portion of the magnetic powder,
(Fe.sub.SM.sub.T)F.sub.W represents a composition of a surface of the
magnetic powder, X<Y, Z<Y, S>T, U<V, W<V and Z<W, and wherein the
compositions of fluoride satisfy X<Y/10, Z<3, Z<Y/4, T<0.4 and S>T; and a
volume proportion of a phase other than the main phase comprising fluorides
and oxy-fluorides exhibiting no ferromagnetism and having a body-centered
tetragonal or hexagonal structure is 0.01 to 10% with respect to the main
phase.

2. The magnetic material according to claim 1, wherein fluorine atoms are
disposed at interstitial positions of a crystal lattice of the magnetic powder; and
the magnetic powder has a higher fluorine concentration in a surface of the
magnetic powder than in a central portion of the magnetic powder or has a
larger crystal lattice in the surface than in the central portion.

3. The magnetic material according to claim 1, wherein the magnetic material
comprises the main phase further comprising a transition metal element.
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4. The magnetic material according to claim 3, wherein the transition metal
element is at least one selected from the group consisting of Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, Zr, Nb and Mo.

5. The magnetic material according to claim 1, wherein the magnetic powder
comprises at least two compositions of fluoride; fluorine atoms are disposed at
interstitial positions of iron or at interstitial positions of a transition metal
element excluding iron and a rare earth element; and the composition formula
is represented by:
(Fe.sub.SM.sub.T).sub.YF.sub.Z+(Fe.sub.UM.sub.V).sub.WF.sub.X wherein
M denotes a transition metal element excluding iron and a rare earth element, F
denotes fluorine, (Fe.sub.SM.sub.T).sub.YF.sub.Z represents a composition of
a central portion of the magnetic powder, (Fe.sub.UM.sub.V).sub.WF.sub.X
represents a composition a surface of the magnetic powder, Z<Y, X<W and
Z<X.

6. The magnetic material according to claim 5, wherein the compositions of
fluoride satisfy S>T and U>V.

7. The magnetic material according to claim 1, wherein the main phase further
comprises Re.sub.1Fe.sub.mN.sub.n, wherein Re is a rare earth element, and I,
m and n are positive integers; Re.sub.1Fe.sub.mC.sub.n, wherein Re is a rare
earth element, and |, m and n are positive integers; Re.sub.1Fe.sub.mB.sub.n,
wherein Re is a rare earth element, and |, m and n are positive integers;
Re.sub.1Fe.sub.m, wherein Re is a rare earth element, and | and m are positive
integers; or M.sub.IFe.sub.m, wherein M is at least one transition element
excluding Fe, Fe is iron, and | and m are positive integers.

8. The magnetic material according to claim 7, wherein an oxy-fluoride
comprising a rare earth element is present in a surface of the crystal grain or
the powder of the main phase.
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Filed: 8,801,870 Assignee: Method for making NdFeB sintered magnet
April 21,
2008 Intermetallics Co., Ltd. | Abstract
The objective of the present invention is to provide a method for making a
Issued: NdFeB sintered magnet, capable of enhancing the effect of increasing the
August 12, (Kyoto, Japan) coercive force and preventing the instability of the effects, and in addition,
2014 being inexpensive. The method for making a NdFeB sintered magnet
according to the present invention has processes of coating a NdFeB sintered
Expires: magnet with a powder containing Dy and/or Th, then heating the NdFeB
April 2028 sintered magnet, and thereby diffusing R.sup.h in the powder into the NdFeB

sintered magnet through a grain boundary, and is characterized in that the
powder contains 0.5 through 50 weight percent of Al in a metallic state; and
the amount of oxygen contained in the NdFeB sintered magnet is equal to or
less than 0.4 weight percent.

The invention claimed is:

1. A method for making a NdFeB sintered magnet [process/method]: including
processes of coating a NdFeB sintered magnet base material compact with a
powder containing R.sup.h, [composition of matter], where R.sup.h represents
Dy and/or Tb, then heating the NdFeB sintered magnet base material compact,
and thereby diffusing R.sup.h in the powder into the NdFeB sintered magnet
through a grain boundary, and obtaining a NdFeB sintered magnet that has a
coercive force H.sub.c1, value within a range of from 19.0 to 26.9 kOe,
wherein: the powder contains 0.5 through 50 weight percent of Al in a metallic
state; at least a part of the Al is diffused by the heating through the grain
boundary; and an amount of oxygen contained in the NdFeB sintered magnet
base material compact is equal to or less than 0.4 weight percent.

2. The method for making a NdFeB sintered magnet [presumptive
process/method] according to claim 1, wherein the amount of oxygen is equal
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to or less than 0.3 weight percent [composition of matter].

3. The method for making [presumptive process/method] a NdFeB sintered
magnet according to claim 1, wherein the powder contains a fluoride of
R.sup.h[composition of matter] .

4. The method for making [presumptive process/method] a NdFeB sintered
magnet according to claim 1, wherein the powder contains [composition of
matter]a powder of an alloy of RR.sup.hT, where R represents one or plural
kinds from among rare earth elements other than Dy and Th, and T represents
one or plural kinds from among Fe, Co, and Ni, and/or an alloy of
RR.sup.hTB.

5. The method for making a NdFeB sintered magnet according to claim 2,
wherein the powder contains a fluoride of R.sup.h [composition of matter].

6. The method for making [presumptive process/method] a NdFeB sintered
magnet according to claim 2, wherein the powder contains a powder of an
alloy of RR.sup.hT, where R represents one or plural kinds from among rare
earth elements other than Dy and Th, and T represents one or plural kinds from
among Fe, Co, and Ni, and/or an alloy of RR.sup.hTB[composition of matter]

7. The method for making [presumptive process/method] a NdFeB sintered
magnet according to claim 3, wherein the powder contains a powder of an
alloy of RR.sup.hT, where R represents one or plural kinds from among rare
earth elements other than Dy and Th, and T represents one or plural kinds from
among Fe, Co, and Ni, and/or an alloy of RR.sup.hTB [composition of
matter].

8. The method for making [presumptive process/method] a NdFeB sintered
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magnet according to claim 5, wherein the powder contains a powder of an
alloy of RR.sup.hT, where R represents one or plural kinds from among rare
earth elements other than Dy and Th, and T represents one or plural kinds from
among Fe, Co, and Ni, and/or an alloy of RR.sup.hTB [composition of
matter].

9. The method for making [presumptive process/method]a NdFeB sintered
magnet according to claim 1, wherein the SQ value of the NdFeB sintered
magnet is higher than 80 percent.

Filed: 8,734,714 Assignee: Magnet recycling
June 27,
2011 The University of Abstract

Birmingham The present invention discloses a method for recovering rare earth particulate
Issued: material from an assembly comprising a rare earth magnet and comprises the
May 27, (Birmingham, Great steps of exposing the assembly to hydrogen gas to effect hydrogen
2014 Britian) decrepitation of the rare earth magnet to produce a rare earth particulate

material, and separating the rare earth particulate material from the rest of the

Expires: assembly. The invention also resides in an apparatus for separating rare earth
June 2031 particulate material from an assembly comprising a rare earth magnet. The

apparatus comprises a reaction vessel having an opening which can be closed
to form a gas-tight seal, a separation means for separating the rare earth
particulate material from the assembly, and a collection means for collecting
the rare earth particulate material. The reaction vessel is connected to a
vacuum pump and a gas control system, and the gas control system controls
the supply of hydrogen gas to the reaction vessel.

What is claimed is:

1. Apparatus for producing and separating rare earth particulate material from
an assembly comprising a rare earth magnet using hydrogen decrepitation, the
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apparatus comprising: a reaction vessel having an opening which is capable of
being closed to form a gas-tight seal; a separator configured to separate the rare
earth particulate material from the assembly; and a collector configured to
collect the rare earth particulate material; wherein the reaction vessel is
connected to a vacuum pump and a gas control system; wherein the gas control
system controls the supply of hydrogen gas to the reaction vessel; and wherein
the separator comprises: a porous container located within the reaction vessel
and having holes of appropriate size to allow the rare earth particulate material
to pass through and to retain the assembly within the container; and a device
capable of tumbling the assembly contained within the porous container to
facilitate separation of the rare earth particulate material from the assembly and
movement of the rare earth particulate material though the holes of the porous
container

10. A method [process/method] for using the apparatus of claim 1 to produce
and separate rare earth particulate material from the assembly, the method
comprising the steps of: providing the assembly within the reaction vessel,
using the gas control system, controlling the supply of hydrogen gas to the
reaction vessel to expose the assembly to the hydrogen gas to effect hydrogen
decrepitation of the rare earth magnet whereby the rare earth particulate
material is produced, using the separator, separating the rare earth particulate
material from the rest of the assembly, using the collector, collecting the rate
earth particulate material and wherein the separating comprises tumbling the
assembly.

11. The method according to claim 10, wherein the rare earth magnet is NdFeB
or SmCo

Note: gas mixture, temperature and pressure specifications are visible in other
claims....
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Filed: 8,695,210 Assignee: Method of manufacturing an Nd based sintered magnet
Nov 27,
2009 Shin-Etsu Chemical Abstract
Co., Ltd. A method for preparing the magnet includes the steps of: (a) providing a

Issued: sintered Nd base magnet block having surfaces and a magnetization direction,
April 15, (Tokyo, Japan) (b) coating the surfaces of the magnet block excluding the surface
2014 perpendicular to the magnetization direction with a Dy or Th oxide powder, a

Dy or Tb fluoride powder, or a Dy or Tb-containing alloy powder, (c) treating
Expires: the coated block at a high temperature for causing Dy or Tb to diffuse into the
Nov 2029 block, and (d) cutting the block in a plane perpendicular to the magnetization

direction into a magnet segment having a coercive force distribution on the cut
section that the coercive force is high at the periphery and lower toward the
inside and a constant coercive force distribution in the magnetization direction.

The invention claimed is:

1. A method for preparing [process/method] a sintered Nd base magnet
comprising in the recited order, the steps of: providing a sintered Nd base
magnet block having surfaces perpendicular to a magnetization direction and
extending to the magnetization direction; coating the surfaces of the magnet
block excluding the surface perpendicular to the magnetization direction with a
Dy or Tb oxide powder, a Dy or Tb fluoride powder, or a Dy or Th-containing
alloy powder, thereby obtaining a coated block; heating the coated block so
that the Dy or Tb in the Dy or Th oxide powder, the Dy or Tb fluoride powder,
or the Dy or Tb-containing alloy powder, diffuses into the block; cutting the
coated block in a plane perpendicular to the magnetization direction to form a
cut section into a magnet segment having a coercive force distribution on the
cut section so that the coercive force is high at a periphery of the cut section
and lower toward an inside of the cut section and a constant coercive force
distribution in the magnetization direction; and then machining the magnet
segment on the surface perpendicular to the magnetization direction so as to
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make a cross-section along the magnetization direction into a C or D shape.

2. A method for preparing [process/method] a sintered Nd base magnet
according to claim 1, wherein the magnet block has a maximum dimension of
up to 100 mm in a Dy or Th-diffusing direction perpendicular to the
magnetization direction and a maximum length of at least 30 mm in the
magnetization direction.

Filed: 8,673,392 Assignee: Permanent magnet and method of manufacturing same
September
10, 2007 ULVAC, Inc.
Abstract
Issued: (Kanagawa, Japan) A permanent magnet is provided which has formed a Dy, Tb film on a surface
March 18, of an iron-boron-rare earth sintered magnet of a predetermined shape, with
2014 diffusion thereof into grain boundary phases, having a higher coercive force.
The method of manufacturing a permanent magnet includes a film-forming
Expires: step of evaporating metal evaporating material containing at least one of Dy
Sept 2027 and Tb and adhering evaporated metal atoms to a surface of the iron-boron-

rare earth sintered magnet, and a diffusing step of performing heat treatment to
diffuse metal atoms adhered to the surface into grain boundary phases of the
sintered magnet. The metal evaporating material contains at least one of Nd
and Pr.

What is claimed is:

1. A method of manufacturing [ process/method] a

permanent magnet comprising: a film-forming step comprising: heating a total
surface area of a metal evaporating material containing at least one of Dy and
Tb in order to evaporate metal atoms of the metal evaporating material from
the total surface area of the metal evaporating material; and adhering the
evaporated metal atoms to a surface of an iron-boron-rare earth
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sintered magnet; and a diffusing step of performing heat treatment to diffuse
metal atoms adhered to the surface into grain boundary phases of the
sinteredmagnet, wherein the metal evaporating material contains at least one of
Nd and Pr, and a ratio of a the total surface area of the metal evaporating
material to a total surface area of the sintered magnet is set to be in a range of
1.times.10.sup.-4 to 2.times.10.sup.3.

2. The method of manufacturing [process/method] a

permanent magnet according to claim 1, wherein the metal evaporating
material further comprises at least one material of the group consisting of Ag,
B, Ba, Be, C, Ca, Ce, Co, Cr, Cs, Er, Eu, Fe, Gd, Ge, Hf, Ho, In, K, La, Li, Lu,
Mg, Mn, Mo, Na, Nb, Ni, P, Pd, Ru, S, Sb, Si, Sm, Sn, Sr, Ta, Ti, Tm, V, W,
Y, Yb, Zn, and Zr.

Filed: 8,574,380 Assignee: Composite magnetic material and method of preparing the same
March 26,
2010 BYD Company Abstract

Limited The present invention discloses a composite magnetic material. The composite
Issued: magnetic material may, an Nd--Fe--B alloy and a Fe-based soft magnetic alloy
November (People’s Republic of | having the general formula of Fe.sub.100-x-y-z-
5, 2013 China) aA.sub.xR.sub.aSi.sub.yB.sub.z. A may be at least one element selected from

Cu and Au. R may be at least one element selected from the group consisting

Expires: of Ti, Zr, Hf, Mo, Nb, Ta, W and V. And the X, a, y, and z may satisfy:
March 0.Itoreq.x.ltoreq.3, 0.ltoreq.a.ltoreq.10, 0.ltoreq.y.ltoreq.20 and
2020 2.Itoreq.z.1toreq.25.

The present invention further discloses a method of preparing the composite
magnetic material as described above. According to the present invention, the
composite magnetic material may have an enhanced magnetic energy product
and residual magnetism respectively.
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What is claimed is:

1. A composite magnetic material, comprising [composition of matter] : a
Nd--Fe--B alloy powder; and a nano Fe-based soft magnetic alloy powder,
which specified in atomic percentage is: Fe.sub.100-x-y-z-
aA.sub.xR.sub.aSi.sub.yB.sub.z, wherein: A is at least one element selected
from the group consisting of Cu and Au; R is at least one element selected
from the group consisting of Ti, Zr, Hf, Mo, Nb, Ta, W and V; and wherein
0.Itoreq.x.ltoreq.3, 0.ltoreq.a.ltoreq.10, 0<y.ltoreq.20 and
2.ltoreq.z.Itoreq.25. ...

4. A method of preparing a composite magnetic material [process/method],
the method comprising: the composite magnetic material comprising: a Nd--
Fe--B alloy powder; and a nano Fe-based soft magnetic alloy powder which
specified in atomic percentage is: Fe.sub.100-x-y-z-
aA.sub.xR.sub.aSi.sub.yB.sub.z, wherein: A is at least one element selected
from the group consisting of Cu and Au; R is at least one element selected
from the group consisting of Ti, Zr, Hf, Mo, Nb, Ta, W and V; and wherein
0.ltoreq.x.ltoreq.3, 0.ltoreq.a.ltoreq.10, 0<y.ltoreq.20 and 2.ltoreq.z.ltoreq.25;
mixing the Nd--Fe--B alloy powder and the nano Fe-based soft magnetic alloy
powder to form a mixture; pressing the mixture in a magnetic field to form a
blank; sintering the blank under a first temperature; and tempering the blank
under a second temperature, wherein the sintering and/or tempering steps occur
under a first atmosphere.

Filed: 8,568,539 Assignee: Permanent magnet and method for manufacturing the same, and motor and
Filed: power generator using the same
March 25, Kabushiki Kaisha
2011 Toshiba Abstract

According to one embodiment, a permanent magnet is provided with a sintered
Issued: (Japan) body having a composition, represented by
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October R(Fe.sub.pM.sub.qCu.sub.rCo.sub.1-p-g-r).sub.zO.sub.w (where, R is at least
29, 2013 one element selected from rare-earth elements, M is at least one element

selected from Ti, Zr and Hf, and p, q, r, z and w are numbers satisfying
Expires: 0.25.Itoreq.p.ltoreq.0.6, 0.005.Itoreq.q.ltoreq.0.1, 0.01.ltoreq.r.ltoreq.0.1,
March 4.Itoreq.z.ltoreq.9 and 0.005.ltoreq.w.ltoreq.0.6 in terms of atomic ratio). The
2031 sintered body has therein aggregates of oxides containing the element R

dispersed substantially uniformly.
What is claimed is:

1. A permanent magnet comprising a sintered body having a composition
[composition of matter] represented by the following composition formula:
R(Fe.sub.pM.sub.qCu.sub.rCo.sub.1-p-g-r).sub.zO.sub.w, wherein R is at least
one element selected from the group consisting of rare-earth elements, M is at
least one element selected from the group consisting of Ti, Zr and Hf, p is a
number, which is an atomic ratio, satisfying 0.25.Itoreq.p.ltoreq.0.6, g is a
number, which is an atomic ratio, satisfying 0.005.Itoreq.q.Itoreg.0.1, ris a
number, which is an atomic ratio, satisfying 0.01.Itoreq.r.Itoreq.0.1, z is a
number, which is an atomic ratio, satisfying 4.ltoreq.z.ltoreq.9, and w is a
number, which is an atomic ratio, satisfying 0.005.ltoreq.w.ltoreq.0.6, wherein
aggregates of oxides containing the element R are substantially uniformly
dispersed in the sintered body. ....

8. A method for manufacturing [process/method] a permanent magnet,
comprising: forming a magnetic powder having a composition represented by
the following composition formula:...., press-forming the magnetic powder in
a magnetic field, thereby forming a formed body; sintering the formed body in
a vacuum atmosphere or an inert gas atmosphere, thereby forming a sintered
body having a composition represented by the following composition formula:
... performing a solution treatment on the sintered body; and performing an
aging treatment on the sintered body after the solution treatment by holding the
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sintered body at a temperature in a range of from 700.degree. C. to 900.degree.
C., and cooling the sintered body to a temperature in a range of from
400.degree. C. to 650.degree. C. at a cooling rate of 1.3.degree. C./min or less,
wherein 50 volume % or more of particles in the magnetic powder has a
particle diameter of 3 .mu.m or more, and 50 volume % or more of the
particles having the particle diameter of 3 .mu.m or more has a particle
diameter of 10 .mu.m or less. ...

9. A motor comprising the permanent magnet according to claim 1.

10. A power generator comprising the permanent magnet according to claim

1....
Filed: 8,562,756 Assignee: NdFeB sintered magnet and method for producing the same
Jan 9, 2009
Intermetallics Co., Ltd. | Abstract
Issued: (Japan) The present invention is aimed at providing a method for producing an NdFeB
October sintered magnet having a higher coercivity and higher squareness of the
22,2013 magnetization curve than ever before. A method for producing an NdFeB
(a joint venture sintered magnet according to the present invention includes the steps of
Expires: company of Daido forming a layer containing Dy and/or Tb on the surface of an NdFeB sintered
Jan 2029 Steel Co., Ltd., magnet base material and then performing a grain boundary diffusion process
Mitsubishi for diffusing Dy and/or Tb from the aforementioned layer through the crystal
Corporation and grain boundaries of the magnet base material into the magnet base material by
Molycorp, Inc.) heating the magnet base material to a temperature equal to or lower than the

sintering temperature thereof, and this method is characterized in that a) the
content of a rare earth in a metallic state in the magnet base material is equal to
or higher than 12.7 at %; b) the aforementioned layer is a powder layer formed
by depositing a powder; and c) the powder layer contains Dy and/or Tb in a
metallic state by an amount equal to or higher than 50 mass %.

The invention claimed is:
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1. A method for producing [process/method] an NdFeB sintered magnet,
including steps of forming a layer containing Dy and/or Th on a surface of an
NdFeB sintered magnet base material and then performing a grain boundary
diffusion process for diffusing Dy and/or Tb from the aforementioned layer
through crystal grain boundaries of the magnet base material into the magnet
base material by heating the magnet base material to a temperature equal to or
lower than a sintering temperature of the magnet base material, wherein: a) a
content of a rare earth in a metallic state in the magnet base material is equal to
or higher than 12.7 at %; b) the aforementioned layer is a powder layer formed
by depositing a powder; ¢) the powder layer contains 50 mass % or more Dy
and/or Tb in a metallic state; and d) the powder layer contains 1 mass % or

more Al.
Filed: Oct | 8,557,057 Assignee: Rare earth permanent magnet and its preparation
27,2010

Shin-Etsu Chemical Abstract

Issued: Co., Ltd. A rare earth permanent magnet is prepared by disposing a powdered metal
October alloy containing at least 70 vol % of an intermetallic compound phase on a
15, 2013 (Japan) sintered body of R--Fe--B system, and heating the sintered body having the

powder disposed on its surface below the sintering temperature of the sintered
Expires: body in vacuum or in an inert gas for diffusion treatment. The advantages
October include efficient productivity, excellent magnetic performance, a minimal or
2030 zero amount of Tb or Dy used, an increased coercive force, and a minimized

decline of remanence.
The invention claimed is:
1. A rare earth permanent magnet, which is prepared by [process/method]

disposing an alloy powder on a surface of an original sintered body of the
composition R.sub.a-T.sup.1.sub.b-B.sub.c wherein R is at least one element
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selected from rare earth elements inclusive of Y and Sc, T.sup.1 is at least one
element selected from Fe and Co, B is boron, "a," "b™ and "c" indicative of
atomic percent are in the range: 12.ltoreq.a.ltoreq.20, 4.0.1toreq.c.ltoreq.7.0,
and the balance of b, said alloy powder having the composition R.sup.1.sub.1-
M.sup.1.sub.j wherein R.sup.1 is at least one element selected from rare earth
elements inclusive of Y and Sc, M.sup.1 is at least one element selected from
the group consisting of Al, Si, C, P, Ti, V, Cr, Mn, Ni, Cu, Zn, Ga, Ge, Zr, Nb,
Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pb, and Bi, "i" and "j" indicative of atomic
percent are in the range: 63<j.ltoreq.89 and the balance of i, and containing at
least 70% by volume of an intermetallic compound phase, and heat treating the
sintered body having the alloy powder disposed on its surface at a temperature
equal to or below the sintering temperature of the original sintered body in
vacuum or in an inert gas, wherein at least one element of R.sup.1 and at least
one element of M.sup.1 in the alloy powder is diffused to grain boundaries in
the interior of the sintered body, near grain boundaries within sintered body
primary phase grains or a combination thereof; and wherein the coercive force
of the rare earth permanent magnet is increased over the magnetic properties of
the original sintered body

Filed: 8,551,210 Assignee: Composite article with magnetocalorically active material and method for its
December production
27, 2007 Vacuumschmelze
GmbH & Co. KG Abstract
Issued: A composite article (1; 10; 40) comprises a plurality of inclusions (5) of a
October 8, (Germany) magnetocalorically active material embedded in a matrix (4) of a
2013 magnetocalorically passive material. The inclusions (5) and the matrix (4) have
a microstructure characteristic of a compacted powder.
Expires:
Dec 2027 The invention claimed is:

1. A composite article, comprising [composition of matter] : (a) a solid
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matrix comprising a magnetocalorically passive material and having a
microstructure comprising a plurality of particles of magnetocalorically
passive material that have lattice structure that exhibits strain, or fractures, or
both, from compression, and that, at least in part, touch one or more
immediately neighboring particles of magnetocalorically passive material; and
(b) a plurality of solid inclusions comprising a magnetocalorically active
material at least partially embedded in the solid matrix, wherein the inclusions
either: (1) have a microstructure comprising a plurality of particles of
magnetocalorically active material that have lattice structure that exhibits
strain, or fractures, or both from compression, and that, at least in part, touch
one or more immediately neighboring particles of magnetocalorically passive
material, or (2) form a series of foils, flakes, or tapes embedded in the

matrix. ...

16. Composite article according to claim 1, wherein the magnetocalorically
active material is [composition of matter] one or more of Gd, a La(Fe.sub.1-
bSi.sub.b).sub.13-based phase, a Gd.sub.5(Si, Ge).sub.4-based phase, a
Mn(As, Sb)-based phase, a MnFe(P, As) -based phase, a Th--Gd-based phase,
a (La, Ca, Pr, Nd, Sr)Mn0.sub.3-based phase, a Co--Mn--(Si, Ge)-based phase,
or a Pr.sub.2(Fe, Co).sub.17-based phase.

Filed: 8,545,641 Assignee: Method and system for manufacturing sintered rare-earth magnet having
June 30, magnetic anisotropy
2005 Intermetallics Co., Ltd.
Abstract

Issued: (Japan) A method for manufacturing a sintered rare-earth magnet having a magnetic
October 1, anisotropy, in which a very active powder having a small grain size can be
2013 a joint venture safely used in a low-oxidized state. A fine powder as a material of the sintered

company of Daido rare-earth magnet having a magnetic anisotropy is loaded into a mold until its
Expires: Steel Co., Ltd., density reaches a predetermined level. Then, in a magnetic orientation section,
June 2025 Mitsubishi the fine powder is oriented by a pulsed magnetic field. Subsequently, the fine
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Corporation and powder is not compressed but immediately sintered in a sintering furnace. A

Molycorp, Inc multi-cavity mold for manufacturing a sintered rare-earth magnet having an
industrially important shape, such as a plate magnet or an arched plate magnet
may be used.

The invention claimed is:

1. A method for manufacturing [process/method] a sintered NdFeB magnet
having a magnetic anisotropy, comprising: a) loading an NdFeB alloy powder
into a container (called a mold hereinafter) having a cavity whose form
corresponds to that of a product to be obtained with a loading density of the
alloy powder being within a range from 47.4 to 55% of a real density, the alloy
powder having an average grain size D.sub.50 of 0.5 to 5 .mu.m measured with
a laser grain-size distribution measurement apparatus and containing a total of
6 weight percent or smaller of Dy and/or Tb; b) applying an orienting magnetic
field that is 2 T or higher to the alloy powder in absence of a compression to
orient the alloy powder; c) creating a sintered body by heating the alloy
powder contained in the mold in an absence of a compression while allowing
gas components released from the alloy powder to escape from the mold; and
d) taking out the sintered body of the alloy powder from the mold, wherein the
steps a) through c) are performed under vacuum or under an atmosphere of an

inert gas.
Filed: 8,540,929 Assignee: Method for producing rare earth sintered magnet
November
22,2010 TDK Corporation Abstract

The present invention relates to a method for producing a rare earth sintered
Issued: (Japan) magnet including the steps of: molding a mixture of magnetic powder
September containing a rare earth compound and oil-extended rubber containing oil and
24,2013 rubber to produce a molded body; removing the oil-extended rubber from the

molded body; and calcining the molded body from which the oil-extended
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Expires: rubber is removed to produce a rare earth sintered magnet
Nov 2030
What is claimed is:

1. A method for producing [process/method] a rare earth sintered magnet,
the method comprising the steps of: molding a mixture of magnetic powder
containing a rare earth compound and oil-extended rubber containing oil and
rubber to produce a molded body; removing the oil-extended rubber from the
molded body; and calcining the molded body from which the oil-extended
rubber is removed to produce a rare earth sintered magnet, wherein the rubber
is at least one selected from a group consisting of polyisobutylene, ethylene-
propylene rubber, styrene-butadiene rubber, butadiene rubber, isoprene rubber,
butyl rubber and ethylene-propylene diene monomer rubber

Filed: 8,518,194 Assignee: Magnetic article and method for producing a magnetic article
September
30, 2009 Vacuumschmelze Abstract
GmbH & Co. KG A magnetic article comprises, in total, elements in amounts capable of
Issued: providing at least one (La.sub.1-aM.sub.a)(Fe.sub.1-b-
August 27, (Germany) cT.sub.bY .sub.c).sub.13-dX.sub.e phase and less than 0.5 Vol % impurities,
2013 wherein 0.ltoreg.a.ltoreq.0.9, 0.ltoreq.b.ltoreq.0.2, 0.05.1toreq.c.ltoreq.0.2, -
1.ltoreq.d.ltoreq.+1, 0.ltoreg.e.ltoreq.3, M is one or more of the elements Ce,
Expires: Prand Nd, T is one or more of the elements Co, Ni, Mn and Cr, Y is one or
Sept 2029 more of the elements Si, Al, As, Ga, Ge, Sn and Sh and X is one or more of the
elements H, B, C, N, Li and Be. The magnetic article comprises a permanent
magnet.

The invention claimed is:

1. Magnetic article comprising [composition of matter] , in total, elements in
amounts capable of providing at least one (La.sub.1-aM.sub.a)(Fe.sub.1-b-
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cT.sub.bY.sub.c).sub.13-dX.sub.e phase and less than 5 Vol % impurities,
wherein 0.ltoreq.a.ltoreq.0.9, 0.ltoreq.b.ltoreq.0.2, 0.05.Itoreq.c.ltoreq.0.2, -
1.ltoreq.d.ltoreq.+1, 0.ltoreg.e.ltoreg.3, M is one or more of the elements Ce,
Prand Nd, T is one or more of the elements Co, Ni, Mn and Cr, Y is one or
more of the elements Si, Al, As, Ga, Ge, Sn and Sb and X is one or more of the
elements H, B, C, N, Li and Be, wherein the magnetic article comprises a
permanent magnet comprising: a non-magnetic matrix, and a plurality of
permanently magnetic inclusions comprising at least one .alpha.-Fe-type phase
distributed in the non-magnetic matrix .....

10. Method of fabricating a magnetic article [process/method] comprising:
providing a precursor article ... and heat treating the precursor article to
produce a permanent magnet comprising permanently magnetic .alpha.-Fe-type
inclusions in a non-magnetic matrix.

Filed: 8,512,590 Assignee: Rotating machine, bonded magnet, magnet roll, and method for producing
Au sintered ferrite magnet
g 17,2011 Hitachi Metals, Ltd.
Abstract
Issued: (Japan) A method for producing a sintered ferrite magnet having an M-type ferrite
Aug 20, structure and represented by: Ca.sub.1-x-yR.sub.xBa.sub.yFe.sub.2n-
2013 zCo.sub.z, (by atomic ratio), where 0.3.ltoreq.1-x-y.ltoreq.0.65,
0.2.Itoreg.x.Itoreq.0.65, 0.001.1toreq.y.ltoreq.0.2, 0.03.ltoreq.z.Itoreq.0.65,
Expires: 4.Itoreq.n.ltoreq.7, and 1-x-y>y. The method includes mixing a Ca compound,
Aug 2031 an R element compound, a Ba compound, an iron compound and a Co

compound as starting materials calcining the starting materials to obtain
calcined bodies; pulverizing the calcined bodies to obtain a calcined powder;
providing recycled materials having an M-type ferrite structure and being
represented by the above formula; pulverizing the recycled materials to obtain
a recycled material powder; mixing the recycled material powder with the
calcined powder to form a moldable material; molding the moldable material
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to obtain green bodies; and sintering the green bodies to obtain the sintered
ferrite magnet.

What is claimed is:

1. A method for producing [process/method] a sintered ferrite magnet
having an M-type ferrite structure, comprising Ca, an R element that is at least
one of rare earth elements and indispensably includes La, Ba, Fe and Co as
indispensable metal elements, and having a composition represented by the
following general formula: Ca.sub.1-x-yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z,
(by atomic ratio), wherein (1-x-y), X, y, z, and n represent the contents of Ca,
the R element, Ba and Co, and a molar ratio, meeting 0.3.ltoreq.1-x-
y.ltoreq.0.65, 0.2.Itoreg.x.Itoreq.0.65, 0.001.1toreq.y.ltoreq.0.2,
0.03.Itoreq.z.Itoreq.0.65, 4.Itoreq.n.ltoreq.7, and 1-x-y>y, said method
comprising the steps of mixing a Ca compound, an R element compound, a Ba
compound, an iron compound and a Co compound as starting materials for the
composition; calcining the starting materials to obtain calcined bodies;
pulverizing the calcined bodies to obtain a calcined powder; providing
recycled materials having an M-type ferrite structure, comprising Ca, an R
element that is at least one of rare earth elements and indispensably includes
La, Ba, Fe and Co as indispensable metal elements, and having the same metal
composition as the one represented by the above-mentioned general formula;
pulverizing the recycled materials to obtain a recycled material powder;
mixing the recycled material powder with the calcined powder to form a
moldable material; molding the moldable material to obtain green bodies; and
sintering the green bodies to obtain the sintered ferrite magnet; wherein the
mixing ratio of the recycled material powder to the calcined powder of the
moldable material is 5 to 95 parts by mass to 95 to 5 parts by mass, and
wherein the recycled materials comprise at least one of failed green bodies,
failed sintered bodies and dust generated in the machining of the sintered
bodies.
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Filed: 8,506,838 Assignee: Sintered ferrite magnet and its production method
March 9,
2011 Hitachi Metals, Ltd. Abstract
A sintered ferrite magne comprising a first granular ferrite compound phase
Issued: (Japan) containing Ca, La, Fe and Co and having a Curie temperature Tcl between
August 13, 415.degree. C. and 430.degree. C., and a second granular ferrite compound
2013 phase containing Sr, La, Fe and Co and having a Curie temperature Tc2
between 437.degree. C. and 455.degree. C., the volume ratio of the first ferrite
Expires: compound phase being 50-90%, and the volume ratio of the second ferrite
March compound phase being 10-50%, with their total volume ratio being 95% or
2031 more.

What is claimed is:

1. A sintered ferrite magnet comprising a first granular ferrite compound phase
containing Ca, La, Fe and Co and having a Curie temperature between
415.degree. C. and 430.degree. C., and a second granular ferrite compound
phase containing Sr, La, Fe and Co and having a Curie temperature between
437.degree. C. and 455.degree. C., the volume ratio of said first granular ferrite
compound phase being 50-90%, and the volume ratio of said second granular
ferrite compound phase being 10-50%, with their total volume ratio being 95%
or more. [composition of matter]...

11. A method for producing a sintered ferrite magnet comprising
[process/method the steps of (1) mixing a first calcined ferrite in which the
metal elements of Ca, La, (Ba+Sr), Fe and Co have a composition represented
by the general formula: Ca.sub.1-x'-c'La.sub.x'A.sub.c'Fe.sub.2n'-y'Co.sub.y’,
wherein A represents (Ba+Sr), and X', ¢' and y' representing the atomic ratios of
Ca, La, A, Fe and Co and n' representing a molar ratio are numbers meeting the
conditions of 0.4.Itoreq.x".Itoreq.0.6, 0.ltoreq.c'.Itoreq.0.2, 0.2<y'.Itoreq.0.5,
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and 4.ltoreq.n".Itoreq.6, with a second calcined ferrite in which the metal
elements of Sr, La, Fe and Co have a composition represented by the general
formula: Sr.sub.1-x"La.sub.x"Fe.sub.2n"-y"Co.sub.y", wherein x" and y"
representing the atomic ratios of Sr, La, Fe and Co and n" representing a molar
ratio are numbers meeting the conditions of 0.05.ltoreg.x".Itoreq.0.3,
0.05.Itoreq.y".Itoreq.0.3, and 5.Itoreq.n".Itoreq.6, at a mass ratio of 90/10 to
50/50, to obtain a calcined ferrite mixture; (2) pulverizing said calcined ferrite
mixture to obtain powder; (3) molding said powder to obtain a green body; and
(4) sintering said green body to obtain a sintered body.

Filed: 8,481,179 Assignee: Rare earth magnet having high strength and high electrical resistance
Jan 28,
2011 Nissan Motor Co., Ltd. | Abstract
This rare earth magnet having high strength and high electrical resistance has
Issued: (Japan) a structure including an R--Fe--B-based rare earth magnet particles 18 which
July 9, are enclosed with a high strength and high electrical resistance composite layer
2013 12. The high strength and high electrical resistance composite layer 12 is
constituted from a glass-based layer 16 that has a structure comprising a glass
Expires: phase or R oxide particles 13 dispersed in glass phase, and R oxide particle-
Jan 2031 based mixture layers 17 that are formed on both sides of the glass-based layer

16 and contain an R-rich alloy phase 14 which contains 50 atomic % or more
of R in the grain boundary of the R oxide particles.

What is claimed is:

1. A rare earth magnet formed by stacking [composition of matter] a
composite layer and an R--Fe--B-based rare earth magnet layer, wherein R
represents one or more kind of rare earth element including Y, and the
composite layer comprises a glass-based layer having a glass phase or a
structure of R oxide particles dispersed in a glass phase, and R oxide particle-
based mixture layers that are formed on both sides of the glass-based layer and
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which contain an R-rich alloy phase which contains 50 atomic % or more of R
in a grain boundary of the R oxide particles. ...

3. The rare earth magnet according to claim 2, wherein R of the R oxide layer
[composition of matter] contained in the composite layer is one or more
selected from the group consisting of Y, Gd, Th, Dy, Ho, Er, Tm, Yb, and
Lu. ...

16. The rare earth magnet according to claim 9, wherein the rare earth magnet
is formed [process/method] by forming a R--Fe--B-based rare earth magnet
powder green compact layer using an R--Fe--B-based rare earth magnet
powder in magnetic field; forming a sputtered layer of oxide of rare earth
element on the upper surface of the R--Fe--B-based rare earth magnet powder
green compact layer so as to make at least two stacked bodies constituted from
the R--Fe--B-based rare earth magnet powder green compact layer and the R
oxide layer; placing one of the stacked bodies on another one of the stacked
bodies so as to provide the glass powder layer between the R oxide layers,
thereby to form a stacked green compact constituted from the R--Fe--B-based
rare earth magnet powder green compact layer, the R oxide layer, the glass
powder layer, the R oxide layer, and the R--Fe--B-based rare earth magnet
powder green compact layer in order; and conducting a hot pressing of the
stacked green compact to obtain the rare earth magnet. ...

Filed: 8,480,818 Assignee: Permanent magnet and manufacturing method thereof
Mar 28,
2011 Nitto Denko Abstract

Corporation There are provided a permanent magnet and a manufacturing method thereof
Issued: capable of preventing grain growth in a main phase and enabling rare-earth
July 9, (Japan) rich phase to be uniformly dispersed. To fine powder of milled neodymium
2013 magnet material is added an organometallic compound solution containing an

organometallic compound expressed with a structural formula of M-
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Expires: (OR).sub.x (in the formula M represents Cu or Al, R represents a substituent
March, group consisting of a straight-chain or branched-chain hydrocarbon, .sub.x
2031 represents an arbitrary integer) so as to uniformly adhere the organometallic

compound to particle surfaces of the neodymium magnet powder. Thereafter, a
compact body formed by compacting the above neodymium magnet powder is
held for several hours in hydrogen atmosphere at 200 through 900 degrees
Celsius. Thereafter, through a sintering process, a permanent magnet is
manufactured.

The invention claimed is:

1. A manufacturing method [process/method] of a Nd--Fe--B based
permanent magnet comprising steps of milling magnet material into magnet
powder; adding an organometallic compound expressed with a structural
formula of M-(OR).sub.x M representing Cu or Al, R representing a
substituent group consisting of a straight-chain or branched-chain hydrocarbon,
and .sub.x representing an arbitrary integer, to the magnet powder obtained at
the step of milling magnet material and getting the organometallic compound
adhered to particle surfaces of the magnet powder; compacting the magnet
powder of which particle surfaces have got adhesion of the organometallic
compound so as to obtain a compact body; and sintering the compact body,
wherein M contained in the organometallic compound is concentrated in grain
boundaries of the permanent magnet after sintering, wherein the permanent
magnet is Nd--Fe--B based.

Filed: 8,449,696 Assignee: Rare-earth sintered magnet containing a nitride, rotator containing rare-earth
Mar 14, sintered magnet, and reciprocating motor containing rare-earth sintered magnet
2011 TDK Corporation

Abstract
Issued: (JAPAN) The present invention relates to a rare-earth sintered magnet 100 containing an
May 28, R-T-B-based alloy and a nitride of a transition element while the nitride is
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2013 distributed preferentially to a surface part[process/method]. (R, T, and B
indicate a rare-earth element, at least one of iron and cobalt, and boron,

Expires: respectively.)

March

2031 What is claimed is:

1. A rare-earth sintered magnet containing [composition of matter], an R-T-B-
based alloy and a nitride of at least one element selected from the group
consisting of iron and cobalt, wherein: R, T, and B indicate a rare-earth
element, at least one transition element selected from the group consisting of
iron and cobalt, and boron, respectively; the nitride is distributed preferentially
to a surface part of the rare-earth sintered magnet; and the element contained in
the nitride is the same as the transition element T. ...

4. The rare-earth sintered magnet according to claim 1, wherein: the surface
part is part extending by a depth of 2 .mu.m from a surface; and the surface
part has a nitride content of 1 to 11 mass % in terms of nitrogen.

Filed: 8,425,695 Assignee: Rare earth sintered magnet
Jul 8, 2011
TDK Corporation Abstract
Issued: A rare earth sintered magnet includes a main phase that includes an
April 23, (JAPAN) R.sub.2T.sub.14B phase of crystal grain where R is one or more rare earth
2013 elements including Nd, T is one or more transition metal elements including Fe
or Fe and Co, and B is B or B and C; a grain boundary phase in which a
Expires: content of R is larger than a content of the R.sub.2T.sub.14B phase; and a
Jul 2031 grain boundary triple point that is surrounded by three or more main phases.

The grain boundary triple point includes an R75 phase containing R of 60 at %
to 90 at %, Co, and Cu. The relational expression 0.05.ltoreq.(Co+Cu)/R<0.5 is
satisfied. An area where a Co-rich region overlaps with a Cu-rich region in a
cross-sectional area of the grain boundary triple point is 60% or more.
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What is claimed is:

1. A rare earth sintered magnet comprising [composition of matter]. :amain
phase that includes an R.sub.2T.sub.14B phase of crystal grain where R is one
or more rare earth elements, T is Fe or Fe and Co, and BisBorBand C; a
grain boundary phase in which a content of R is larger than a content of the
R.sub.2T.sub.14B phase; and a grain boundary triple point that is surrounded
by three or more main phases, wherein the grain boundary triple point includes
an R-rich phase containing R of 90 at % or more, and an R75 phase containing
R of 60 at % to 90 at %, Co, and Cu, 0.05.Itoreq.(Co+Cu)/R<0.45 is satisfied
where (Co+Cu)/R is a composition ratio of R, Co, and Cu contained in the R75
phase in terms of atomic percentage, and an area where a Co-rich region
overlaps with a Cu-rich region in a cross-sectional area of the grain boundary
triple point on a cross section of the rare earth sintered magnet is 60% or more
[composition of matter].

2. The rare earth sintered magnet according to claim 1, wherein a content of R
in a magnet composition is of 25% by mass to 35% by mass.

3. The rare earth sintered magnet according to claim 1, wherein a content of Co
in a magnet composition is of 0.6% by mass to 3.0% by mass.

4. The rare earth sintered magnet according to claim 1, wherein a content of Cu
in @ magnet composition is 0.05% by mass to 0.5% by mass.

Filed: 8,421,292 Assignee: Permanent magnet motor having composite magnets and manufacturing
March 25, method thereof
2008 Hitachi Metals, Ltd.
Abstract
Issued: (Tokyo, JAPAN) A permanent magnet motor includes: a rotor and a stator; and a plurality of
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April 16, permanent magnets placed on either the rotor or the stator. Each permanent

2013 magnet is an R--Fe--B based rare-earth sintered magnet including a light rare-
earth element RL (at least one of Nd and Pr) as a major rare-earth element R,

Expires: and partially includes a high coercivity portion in which a heavy rare-earth

March element RH (at least one element selected from the group consisting of Dy, Ho

2028 and Thb) is diffused in a relatively higher concentration than in the other
portion.

The invention claimed is:

1. A permanent magnet motor comprising [composition of matte] : a rotor; a
stator; and a plurality of permanent magnets located on either the rotor or the
stator; wherein the permanent magnet is an R--Fe--B based rare-earth sintered
magnet including light rare-earth element RL including at least one of Nd and
Pr as a rare-earth element R, and partially includes a high coercivity portion in
which a heavy rare-earth element RH including at least one element selected
from the group consisting of Dy, Ho and Tb is diffused from a selected area of
a surface of the permanent magnet in a relatively higher concentration than in
other portions, the selected area of the surface of the permanent magnet
defining a location of the high coercivity portion of the permanent magnet, the
high coercivity portion and a portion other than the high coercivity portion
being arranged at the surface of the permanent magnet; and an angle of the
permanent magnet formed with respect to a rotation axis of the motor is
A.degree., an angle of the high coercivity portion formed with respect to the
rotation axis of the motor is B.degree., and B.degree./A.degree. is between
more than 0% and not more than 40%. ....

8. A method for manufacturing [process/method] a permanent magnet
motor, the method comprising the steps of: preparing a plurality of permanent
magnets each of which is an R--Fe--B based rare-earth sintered magnet
including a light rare-earth element RL including at least one of Nd and Pr as a
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rare-earth element R, and partially including a high coercivity portion in which
a heavy rare-earth element RH including at least one element selected from the
group consisting of Dy, Ho and Tb is diffused in a relatively higher
concentration than in the other portion, the high coercivity portion and a
portion other than the high coercivity portion being arranged at a surface of the
permanent magnet; and placing the plurality of permanent magnets on either a
rotor or a stator; wherein the step of preparing a plurality of permanent
magnets comprises the steps of: preparing an R--Fe--B based rare-earth
sintered magnet including a light rare-earth element RL as a rare-earth element
R; and forming a high coercivity portion by diffusing the heavy rare-earth
element RH from a selected area of the surface of the R--Fe--B based rare-
earth sintered magnet toward an inside of the magnet, the selected area of the
surface of the permanent magnet defining a location of the high coercivity
portion of the permanent magnet, the high coercivity portion and a portion
other than the high coercivity portion being arranged at the surface of the
permanent magnet; and the step of forming the high coercivity portion
comprises: forming a mask layer having an opening that defines the selected
area of the surface of the permanent magnet; and heating and vaporizing a bulk
body including the heavy rare-earth element RH and diffusing the heavy rare-
earth element into the selected area of the surface of the permanent magnet
through the opening of the mask layer, the bulk body not being in contact with
the surface of the permanent magnet. ...

11. The method of claim 10, wherein the step of forming the high coercivity
portion comprises: arranging the R--Fe--B based rare-earth sintered magnet
and a bulk body including the heavy rare-earth element RH inside a processing
chamber so as to face each other with a predetermined gap left between the R--
Fe--B based rare-earth sintered magnet and the bulk body; and heating the
processing chamber to vaporize the bulk body and diffuse the heavy rare-earth
element into the selected area of the surface of the permanent magnet....
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Filed: 8,420,160 Assignee: Method for producing sintered NdFeB magnet
Jul 23,
2007 Intermetallics Co., Ltd. | Abstract
The present invention provides a method for producing a sintered NdFeB
Issued: (JAPAN) magnethaving high coercivity and capable of being brought into applications
April 16, without lowering its residual magnetic flux density or maximum energy
2013 (ajoint venture product and without reprocessing. The method for producing a sintered NdFeB
company of Daido magnet according to the present invention includes applying a substance
Expires: Steel Co., Ltd., containing dysprosium (Dy) and/or terbium (Tb) to the surface of the sintered
Jul, 2027 Mitsubishi NdFeB magnet forming a base body and then heating the magnet to diffuse Dy
Corporation and and/or Tb through the grain boundary and thereby increase the coercivity of
Molycorp, Inc.) the magnet. This method is characterized in that: (1) the substance containing

Dy or Tb to be applied to the surface of the sintered NdFeB magnet is
substantially a metal powder; (2) the metal powder is composed of a rare-earth
element R and an iron-group transition element T, or composed of R, T and
another element X, the element X capable of forming an alloy or intermetallic
compound with R and/or T; and (3) the oxygen content of the sintered NdFeB
magnet forming the base body is 5000 ppm or lower. The element T may
contain nickel (Ni) or cobalt (Co) to produce an anticorrosion effect. The
invention claimed is:

1. A method for producing [process/method] a sintered NdFeB magnet,
comprising: applying a substance to a surface of the sintered NdFeB magnet,
the substance being substantially a metal powder comprising (i) a rare earth
element component (R) that is dysprosium and/or terbium and optionally at
least one other rare earth element and (ii) an iron group transition element
component (T) that is at least one member selected from the group consisting
of iron, cobalt, and nickel; and then heating the magnet to diffuse dysprosium
and/or terbium through grain boundaries of the magnet in order to increase
coercivity of the magnet, wherein an oxygen content of the sintered NdFeB
magnet is 5000 ppm or lower.
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Filed: 8,420,010 Shin-Etsu Chemical Method for preparing rare earth permanent magnet material
Mar 28, Co., Ltd.
2007 Abstract

(JAPAN) A method for preparing a rare earth permanent magnet material is
Issued: characterized by comprising the steps of disposing a powder mixture on a
April 16, surface of a sintered magnet body of R.sup.1--Fe--B composition wherein
2013 R.sup.1 is at least one element selected from rare earth elements inclusive of

Sc and Y, the powder mixture comprising a powder containing at least 0.5% by

Expires: weight of M which is at least one element selected from Al, Cu, and Zn and
Mar, 2027 having an average particle size equal to or less than 300 .mu.m and a powder

containing at least 30% by weight of a fluoride of R.sup.2 which is at least one
element selected from rare earth elements inclusive of Sc and Y and having an
average particle size equal to or less than 100 .mu.m, and heat treating the
magnet body having the powder disposed on its surface at a temperature equal
to or below the sintering temperature of the magnet body in vacuum or in an
inert gas, for causing at least one of M and R.sup.2 in the powder mixture to be
absorbed in the magnet body. The invention provides an R--Fe--B sintered
magnet with high performance and a minimized amount of Th or Dy used.

The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet
material, comprising the steps of: disposing a powder mixture on a surface of a
sintered magnet body of R.sup.1--Fe--B composition wherein R.sup.1 is at
least one element selected from rare earth elements inclusive of Sc and Y, said
powder mixture comprising a powder containing at least 0.5% by weight of M
which is at least one element selected from Al, Cu, and Zn and having an
average particle size equal to or less than 300 and a powder containing at least
30% by weight of a fluoride of R.sup.2 which is at least one element selected
from rare earth elements inclusive of Sc and Y and having an average particle
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size equal to or less than 100 .mu.m, and heat treating the magnet body having
the powder disposed on its surface at a temperature equal to or below the
sintering temperature of the magnet body in vacuum or in an inert gas, for
absorption treatment for causing at least one of M and R.sup.2 in the powder
mixture to be absorbed in the magnet body.

Filed: 8,404,141 Assignee: Rare earth bonded magnet
March 18,
2010 Minebea Co., Ltd. Abstract

A rare earth bonded magnet is provided which is produced such that a mixture
Issued: (Kitasaku-gun, which comprises: a rare earth magnet powder; a resin binder comprising a
March 26, JAPAN) thermosetting resin; an organic phosphorus compound; and a coupling agent is
2013 compress-molded, heated and cured, wherein the organic phosphorus

compound and the coupling agent are represented by the following respective
Expires: chemical formulas (structural formulas): #STR00001##
March i i
2030 (R_;f_}}”—&-1T()—if—f_) P—COR,)

OH

(4

What is claimed is:

1. A rare earth bonded magnet produced such that [process/method] a
mixture, which comprises: a rare earth magnet powder; a resin binder
comprising a thermosetting resin; an organic phosphorus compound; and a
coupling agent, is compress-molded, heated and cured, wherein the organic
phosphorus compound is an organophosphate ester compound defined by a
formula below: ##STR00009##

K, P OH

B where: R.sub.1 and R.sub.2 are an organic group of at least one
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kind including a hydrocarbon group; when R.sub.1 and R.sub.2 have two or
more kinds of organic groups, the organic groups can be either identical to or
different from one another; and the hydrocarbon group is one of an alkyl group
and aryl group with a carbon number of 3 to 18 which can be either straight-
chained, branched or cyclic in formation, and wherein the coupling agent is
defined by a formula below: ##STR00010##

(R;0),—M—F0—C=CH—C—0R;

T J‘-' o «» Where: R.sub.3, R.sub.4 and R.sub.5 are an organic
group of at least one kind including a hydrocarbon group; M is one element
selected from Si, Ti and Zr; when R.sub.3, R.sub.4 and R.sub.5 have two or
more kinds of organic groups, the organic groups can be either identical to or
different from one another; n is an integer which corresponds to a number of
coupling hands of M and which ranges from 1 to 3; and the hydrocarbon group
is one of an alkyl group and aryl group with a carbon number of 3 to 18 which
can be either straight-chained, branched or cyclic in formation. ...

6. A rare earth bonded magnet produced [process/method] such that a
mixture, which comprises: a rare earth magnet powder; a resin binder
comprising a thermosetting resin; an organic phosphorus compound; and a
coupling agent, is compress-molded, heated and cured, wherein the organic
phosphorus compound is an organophosphate ester compound defined by a
formula below: ##STR00011## where: R.sub.1 and R.sub.2 are an organic
group of at least one kind including a hydrocarbon group; when R.sub.1 and
R.sub.2 have two or more kinds of organic groups, the organic groups can be
either identical to or different from one another; and the hydrocarbon group is
one of an alkyl group and aryl group with a carbon number of 3 to 18 which
can be either straight-chained, branched or cyclic in formation, and wherein the
coupling agent is defined by a formula below: ##STR00012## where: R.sub.3
and R.sub.4 are an organic group of at least one kind including a hydrocarbon
group; M is one element selected from Si, Ti and Zr; when R.sub.3 and R.sub.4
have two or more kinds of organic groups, the organic groups can be either
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identical to or different from one another; n is an integer which corresponds to
a number of coupling hands of M and which ranges from 1 to 3; and the
hydrocarbon group is one of an alkyl group and aryl group with a carbon
number of 3 to 18 which can be either straight-chained, branched or cyclic in

formation. ...
Filed: 8,388,769 Assignee: Powdered-iron magnet and rotating machine using the same
December
19, 2006 Hitachi, Ltd. Abstract
To mold a high-resistance magnet at low temperature, including room
Issued: (Tokyo, JAPAN) temperature, the magnet includes magnetic powders, metallic powders having
March 5, a lower hardness than the magnetic powders and a high-resistance layer,
2013 wherein the magnetic powders occupy a larger volume than the metallic
powders. In particular, the high-resistance layer contains a fluorine compound
Expires; and is placed between the magnetic powder and the metallic powders
Dec 2026

The invention claimed is:

1. A magnet comprising magnetic powders, metallic powders having a lower
hardness than the magnetic powders and a high electrical resistance layer
comprising a fluorine compound containing at least one rare earth metal and
having a face-centered cubic crystal structure coated on at least one of the
magnetic powders and the metallic powders, wherein the magnetic powders
occupy a larger volume than the metallic powders [composition of matter] ....

9. A magnet produced by [process/method] molding a mixture of magnetic
powders, metallic powders having a lower hardness than the magnetic powders
and a high electrical resistance layer comprising a fluorine compound
containing at least one rare earth metal and having a face-centered cubic
crystal structure coated on at least one of the magnetic powders and the
metallic powders. ...
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Filed: 8,388,766 Assignee: Anisotropic rare earth sintered magnet and making method
Oct 24,
2011 Shin-Etsu Chemical Abstract
Co., Ltd. An anisotropic rare earth sintered magnet has a tetragonal R.sub.2Fe.sub.14B
Issued: compound as a major magnetic phase, wherein R is Nd or a mixture of Nd with
March 5, (JAPAN) at least one rare earth element. Grains of the compound phase have two
2013 crystallographic axes, ¢ and a-axes aligned. The biaxially aligned magnet
exhibits a coercivity Hc of at least 1.6 MA/m.
Expires:
Oct 2031 The invention claimed is:

1. An anisotropic rare earth sintered magnet comprising a tetragonal
R.sub.2Fe.sub.14B compound as a major magnetic phase, wherein R is a rare
earth element which is Nd or a combination of Nd with at least one member
selected from the group consisting of Y, La, Ce, Pr, Sm, Eu, Gd, Ho, Er, Tm,
Yb, and Lu [composition of matter], sintered grains of the tetragonal
R.sub.2Fe.sub.14B phase having two crystallographic axes, and being biaxially
aligned, in which the grains are aligned in c-axis direction and in which the
grains are also separately aligned in the a-axis direction.

4. A method for preparing an anisotropic rare earth sintered magnet
[process/method] comprising a tetragonal R.sub.2Fe.sub.14B compound as a
major magnetic phase, wherein R a rare earth element which is Nd or a
combination of Nd with at least one member selected from the group
consisting of Y, La, Ce, Pr, Sm, Eu, Gd, Ho, Er, Tm, Yb, and Lu, the method
comprising the steps of: providing a magnet powder comprising a tetragonal
R.sub.2Fe.sub.14B compound as a major magnetic phase, grains of the
tetragonal R.sub.2Fe.sub.14B phase powder having two crystallographic axes,
c-axis as axis of easy magnetization and a-axis as axis of hard magnetization,
compacting the powder while a first static magnetic field is applied across the
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powder so as to align the c-axis in the magnetic field direction, and a second
magnetic field substantially orthogonal to the first static magnetic field is
overlappingly applied to align the a-axis, and sintering the resulting compact to
form a sintered magnet in which the grains are aligned in c-axis direction and
in which the grains are also separately aligned in the a-axis direction.

Filed: 8,377,233 Assignee: Preparation of rare earth permanent magnet material
February
24,2011 Shin-Etsu Chemical Abstract
Co., Ltd. A method for preparing a rare earth permanent magnet material

Issued: [process/method] comprises the steps of: disposing a powder comprising one
February (Tokyo, JAPAN) or more members selected from an oxide of R.sup.2, a fluoride of R.sup.3, and
19, 2013 an oxyfluoride of R.sup.4 wherein R.sup.2, R.sup.3 and R.sup.4 each are one

or more elements selected from among rare earth elements inclusive of Y and
Expires: Sc on a sintered magnet form of a R.sup.1--Fe--B composition wherein R.sup.1
February is one or more elements selected from among rare earth elements inclusive of
2031 Y and Sc, and then heat treating the magnet form and the powder at a

temperature equal to or below the sintering temperature of the magnet in
vacuum or in an inert gas. The result high performance, compact or thin
permanent magnet has a high remanence and coercivity at a high productivity.

Filed: 8,372,218 Assignee: Magnet core and method for its production
June 19,
2007 Vacuumschmelze Abstract
GmbH & Co. KG Magnet cores pressed using a powder of nanocrystalline or amorphous

Issued: particles and a pressing additive should be characterized by minimal iron
February (Hanau, GERMANY) | losses. These particles have first surfaces represented by the original strip
12,2013 surfaces and second surfaces represented by surfaces produced in a

pulverization process, the overwhelming majority of these second particle
Expires: surfaces being smooth cut or fracture surfaces without any plastic deformation,
June 2027 the proportion T of areas of plastic deformation of the second particle surfaces
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being 0.ltoreq.T.ltoreq.0.5.
The invention claimed is:

1. A magnet core produced [process/method] from a composite of a powder of
amorphous or nanocrystalline particles and from at least one pressing additive,
wherein the particles comprise a first surface that formed a surface of the strip
from which the particles were produced, and a second surface that did not form
a surface of the strip, but was produced in a pulverisation process that formed
the particles from the strip, wherein said pulverising occurs during a dwell time
t in a pulverising chamber such that t<60 s, wherein these second particle
surfaces include surfaces formed by fracture without any plastic deformation,
such that the proportion T of areas of plastic deformation of the second particle
surfaces is 0.ltoreq.T.ltoreq.0.5. ...

5. The magnet core according to claim 1, wherein the particles have the alloy
composition [composition of matter] (Fe.sub.1-aM.sub.a).sub.100-x-y-z-
.alpha.-.beta.-.gamma.CU.sub.xSi-.sub.y-
B.sub.zM'.sub.aM".sub..beta.X.sub..gamma., wherein M is Co and/or Ni,
wherein M' is at least one element from the group consisting of Nb, W, Ta, Zr,
Hf, Ti and Mo, wherein M' is at least one element from the group consisting of
V, Cr, Mn, Al, elements of the platinum group, Sc, Y, rare earths, Au, Zn, Sn
and Re, wherein X is at least one element from the group consisting of C, Ge,
P, Ga, Sb, In, Be and As, and wherein a, X, y, z, .alpha., .beta. and .gamma. are
specified in atomic percent and meet the following conditions:
0.Itoreg.a.ltoreq.0.5; 0.1.1toreq.x.ltoreq.3; 0.ltoreq.y.ltoreq.30;
0.ltoreq.z.1toreq.25; 0.1toreq.y+.1toreq.z.Itoreq.35; 0.1.1toreq..alpha..ltoreq.30;
0.ltoreq..beta..ltoreq.10; and 0.ltoreg..gamma..ltoreq.10. ...

16. A method for the production [process/method] of a magnet core,
comprising: providing a strip or foil of an amorphous or nanocrystalline soft
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magnetic alloy; pulverising the strip or foil in a pulverising chamber, wherein a
sufficient degree of pulverising occurs by cutting and/or breaking of the
amorphous or nanocrystalline magnetic alloy strip or foil to form powder
particles that the number of powder particle surfaces that are formed during
pulverizing and that are formed by fracture without any plastic deformation,
are sufficient that the proportion T of areas of plastic deformation of these
particle surfaces is 0.ltoreq.T.ltoreq.0.5, wherein said pulverising occurs during
a dwell time t in the pulverising chamber such that t<60 s; removing the
powder particles from the pulverising chamber on reaching their final particle
size; mixing the powder particles with one or more pressing additives; pressing
the resulting mixture to form a magnet core. .....

Filed: 8361242 Assignee: Powders for rare earth magnets, rare earth magnets and methods for
March 24, manufacturing the same
2011 Vacuumschmeize

GmbH & Co. KG Abstract
Issued: A powder consists essentially by weight, of 28.00.ltoreq.R.Itoreq.32.00%,
January 29, (Hanau, GERMANY) | where R is at least one rare earth element including Y and the sum of
2013 Dy+Tb>0.5, 0.50.Itoreq.B.ltoreq.2.00%, 0.50.1toreq.Co.ltoreq.3.50%,

0.050.1toreq.M.ltoreq.0.5%, where M is one or more of the elements Ga, Cu

Expires: and Al, 0.25 wt %<0.ltoreq.0.5%, 0.15% or less of C, balance Fe.
March
2031 What is claimed:

1. A method [process/method] to produce powders for use in R--Fe--B--M
type permanent magnets comprising: melting an alloy consisting of, by weight,
28.00.Itoreq.R.Itoreq.32.00%, where R is at least one rare earth element
including Y and the sum of Dy+Tb>0.5, 0.50.ltoreq.B.ltoreq.2.00%,
0.50.Itoreq.Co.ltoreq.3.50%, 0.050.Itoreq.M.ltoreq.0.5%, where M is one or
more of the elements Ga, Cu and Al, 0.25 wt %<0.ltoreq.0.5%, 0.15% or less
of C, 0.15% or less of N, balance Fe, casting said alloy to form at least one
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ingot, wherein the solidified ingot comprises finely dispersed .alpha.-Fe phase,
and R.sub.2Fe.sub.14B and R-rich constituents; annealing said ingot at a
temperature in the range of 800.degree. C. to 1200.degree. C. under an inert
atmosphere of Ar or under vacuum to form an ingot which is free of said
.alpha.-Fe phase; hydrogenating said ingots in hydrogen gas in order to
hydrogenate the R-rich constituents; coarsely pulverising said ingot to form a
coarsely pulverised powder; performing a fine pulverisation of said coarsely
pulverised powder in an atmosphere comprising oxygen, thereby forming an
oxidized, finely pulverised powder; wherein said finely pulverised powder
comprises an oxygen content of 0.25 wt %<O.ltoreq.0.5 wt %. ......

Filed: 8,350,430 Assignee: Rotating machine with sintered magnet and method for producing sintered
April 23, magnet
2012 Hitachi, Ltd.
Abstract
Issued: (Tokyo, JAPAN) An R--Fe--B sintered magnet has a structure including main phase crystal
January 8, grains and a grain boundary area surrounding the crystal grains. The sintered
2013 magnet includes fluorine and a specified metal element selected from elements
belonging to Group 2 through Group 16 of periodic table excepting the rare
Expires: earth element, carbon and boron. The fluorine has a higher concentration in a
April 2031 region closer to a magnet surface than in the center. The specified element also

has a higher concentration in the region closer to the surface. The sintered
magnet includes oxyfluoride containing carbon, Dy and the metal element in a
grain boundary area region at a distance of 1 .mu.m or greater from the magnet
surface, and the carbon has a higher concentration than the concentration of the
metal element in a region at a distance of 1 .mu.m to 500 .mu.m from the
magnet surface

What is claimed is:

1. An R--Fe--B sintered magnet comprising [composition of matte] a rare
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earth, iron and boron having a structure that includes main phase crystal grains
and a grain boundary area surrounding the crystal grains, wherein: the sintered
magnet includes fluorine and a specified metal element selected from elements
belonging to Group 2 through Group 16 of periodic table excepting the rare
earth element, carbon and boron, the fluorine has a concentration that is higher
in a region closer to a surface of the magnet than in the center of the magnet,
the specified metal element has a concentration which is higher in the region
closer to the surface of the magnet than in the center of the magnet, the
sintered magnet includes oxyfluoride containing carbon, Dy and the specified
metal element in a region of the grain boundary area at a distance of equal to or
greater than 1 .mu.m from the surface of the magnet, and the carbon has a
concentration that is higher than the concentration of the specified metal
element in a region at a distance of from 1 .mu.m to 500 .mu.m from the
surface of the magnet

6. An R--Fe--B sintered magnet according to claim 1, wherein: the sintered
magnet is a product obtained by [process/method] using a DyF-based solution
in which an organic metal compound contains the specified metal element and
heat treating the solution at a temperature in the range of from 400.degree. C.
to 1,100.degree. C.

Filed: 8,337,714 Assignee: Ferrite powders for bonded magnet, process for the production of the powders,
September and bonded magnet made by using the same
26, 2008 Dowa Electronics
Materials Co., Ltd. Abstract
Issued: The present invention provides ferrite powders for bonded magnet capable of
December (Tokyo, JAPAN) suppressing increase of SFD, while widening a particle size distribution for
25, 2012 obtaining flowability and compressed density, and also capable of suppressing
Dowa F-Tec Co., Ltd. | deterioration of orientation and magnetizability, and provides a process for a
Expires: production magnetoplumbite-type ferrite powders containing an oxide of at
Sept 2038 (Okayama, JAPAN) least one or more kinds of transition metals selected from a group consisting of
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Zr, Ti, Zn, Co, Mn, and Ni, having a mean particle size of 0.20 .mu.m or more
and less than 5.00 .mu.m, being the ferrite powders for bonded magnet with the
ratio of particles having particle size of 1 .mu.m or less being 20 mass % or
more in the magnetoplumbite-type ferrite powder size distribution obtained by
a laser diffraction type particle size distribution analyzer.

What is claimed is:

1. Ferrite powders for bonded magnet, comprising [composition of matter]
magneto-plumbite type ferrite fine powders having a mean particle size of 0.20
.mu.m or more and less than 1.00 .mu.m, wherein the magneto-plumbite type
ferrite fine powders contain at least one oxide of a transition metal selected
from the group consisting of Zr, Ti, Zn, Co, Mn, and Ni, and magneto-
plumbite type ferrite coarse powders having a mean particle size of 1.00 .mu.m
or more and less than 5.00 .mu.m, wherein a mixed amount of the magneto-
plumbite type ferrite fine powders is 15 mass % or more and 40 mass % or
less. ....

3. A process [process/method] for a production of ferrite powders for bonded
magnet, comprising the steps of: preparing a magneto-plumbite type ferrit to
obtain fine powders having a mean particle size of 0.20 .mu.m or more and less
than 1.00 .mu.m, wherein the fine particles contain at least one oxide of a
transition metal selected from the group consisting of Zr, Ti, Zn, Co, Mn, and
Ni; preparing a magneto-plumbite type ferrite to obtain coarse powders having
a mean particle size of 1.00 .mu.m or more and less than 5.00 .mu.m; and
mixing the fine powders and the coarse powders, to produce ferrite powders
with a mixing ratio of the fine powders and the coarse powders such that a
mixed amount of fine powders is 15 mass % or more and 40 mass % or less.

Filed: 8,329,056 Assignee: Anisotropic rare earth-iron based resin bonded magnet
August 10,
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© 6-28-2016 page 121

2010 Minebea Co., Ltd. Abstract
Anisotropic rare earth-iron based resin bonded magnet comprises

Issued: (Nagano, JAPAN) [composition of matter] : [1] a continuous phase including: (1) a spherical

December Sm.sub.2Fe.sub.17N.sub.3 based magnetic material covered with epoxy

11, 2012 oligomer where its average particle size is 1 to 10 .mu.m, its average aspect
ratio AR.sub.ave is 0.8 or more, and mechanical milling is not applied after

Expires: Sm--Fe alloy is nitrided;

Aug 2030 (2) a linear polymer with active hydrogen group reacting to the oligomer; and
(3) additive; and [2] a discontinuous phase being an Nd.sub.2Fe.sub.14B
based magnetic material coated with the epoxy oligomer where its average
particle size is 50 to 150 .mu.m, and its average aspect ratio AR.sub.ave is 0.65
or more, further satisfying: [3] the air-gap ratio of a granular compound on the
phases is 5% or less; and [4] a composition where crosslinking agent with 10
.mu.m or less is adhered on the granular compound is formed at 50 MPa or
less.

Filed: 8,327,524 Assignee: Inductive component and method for the production thereof

August 31,

2007 Vacuumscmelze Abstract

GmbH & Co. KG Disclosed herein is an inductive component whose soft magnetic core is

Issued: produced by [process/method] pouring a casting resin into a mold filled with a

December (Hanau, GERMANY) | soft magnetic alloy powder and by subsequently hardening the casting resin

11, 2012 with the alloy powder in order to form a solid soft magnetic core. This
technique prevents the surface insulation of the alloy particles from becoming

Expires: damaged, thereby largely preventing the formation of bulky eddy currents in

August the resulting soft magnetic cores. This enables a distinct reduction in the

2027 electric loss of the inductive component.

Filed: 8,323,806 Assignee: Rare earth magnet and method for producing same

December

11, 2009 Hitachi Metals, Ltd. Abstract

A rare-earth magnet includes a magnet body made of an R--Fe--B based rare-

(\CMI
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Issued: (Tokyo, JAPAN) earth magnet material (where R is at least one rare-earth element) and a metal

December film that has been deposited on the surface of the magnet body. The magnet

4, 2012 further includes a plurality of reaction layers between the magnet body and the
metal film. The reaction layers include: a first reaction layer, which contacts

Expires: with at least some of R.sub.2Fe.sub.14B type crystals, included in the magnet

Dec 2029 body, to have received the rare-earth element that has been included in the

R.sub.2Fe.sub.14B type crystals; and a second reaction layer, which is located
between the first reaction layer and the metal film and which has a lower rare-
earth element concentration than that of the first reaction layer.

What is claimed is:

1. A method for producing a rare-earth sintered magnet [process/method] , the
method comprising the steps of: providing a magnet body made of an R--Fe--B
based rare-earth sintered magnet material, where R is at least one rare-earth
element; depositing a metal film on the surface of the magnet body; and a heat
treatment process step that is performed to form, between the magnet body and
the metal film, a plurality of reaction layers including: a first reaction layer,
which contacts with at least some of R.sub.2Fe.sub.14B type crystals included
in the magnet body, to have received the rare-earth element that has been
included in the R.sub.2Fe.sub.14B type crystals; and a second reaction layer,
which is located between the first reaction layer and the metal film and which
has a lower rare-earth element concentration than that of the first reaction
layer; wherein the second reaction layer has received boron that has been
included in the R.sub.2Fe.sub.14B type crystals and has a higher boron
concentration than that of the first reaction layer.

Filed: 8,317,941 Assignee: R-T-B-type sintered magnet and method for production thereof
Ma
rch 30, Hitachi Metals, Ltd. Abstract
2009 An R-T-B based sintered magnet according to the present invention has a
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(Tokyo, JAPAN) composition including: 27.3 mass % to 29.5 mass % of R; 0.92 mass % to 1
Issued: mass % of B; 0.05 mass % to 0.3 mass % of Cu; 0.02 mass % to 0.5 mass % of
November M; and T as the balance, and has an oxygen content of 0.02 mass % to 0.2
27,2012 mass %. The main phase of the sintered magnet is an R.sub.2T.sub.14B type

compound. The crystal grain size of the main phase is represented by an

Expires: equivalent circle diameter of 8 .mu.m or less. And crystal grains with
March equivalent circle diameters of 4 .mu.m or less account for at least 80% of the
2029 overall area of the main phase.

The invention claimed is:

1. An R-T-B based sintered magnet having a composition comprising
[composition of matter] : 27.3 mass % to 29.5 mass % of R, which is at least
one of the rare-earth elements that include Y and of which at least 50 mass %
is Pr and/or Nd; 0.92 mass % to 1 mass % of B; 0.05 mass % to 0.3 mass % of
Cu; at most 0.5 mass % (including 0 mass %) of M, which is one, two, or more
elements that are selected from the group consisting of Al, Ti, V, Cr, Mn, Ni,
Zn, Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W, Au, Pb and Bi; and T as the
balance, which is Fe with or without Co and of which at least 50 mass % is Fe,
and having an oxygen content of 0.02 mass % to 0.2 mass %, wherein the main
phase of the sintered magnet is an R.sub.2T.sub.14B type compound, and
wherein the crystal grain size of the main phase is represented by an equivalent
circle diameter of 8 .mu.m or less and wherein crystal grains with equivalent
circle diameters of 4 .mu.m or less account for at least 80% of the overall area
of the main phase.

2. A method for producing [process/method] an R-T-B based sintered magnet
having a composition comprising: 27.3 mass % to 29.5 mass % of R, which is
at least one of the rare-earth elements that include Y and of which at least 50
mass % is Pr and/or Nd; 0.92 mass % to 1 mass % of B; 0.05 mass % to 0.3
mass % of Cu; at most 0.5 mass % (including 0 mass %) of M, which is one,
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two, or more elements that are selected from the group consisting of Al, Ti, V,
Cr, Mn, Ni, Zn, Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W, Au, Pb and Bi; and T
as the balance, which is Fe with or without Co and of which at least 50 mass %
is Fe, and having an oxygen content of 0.02 mass % to 0.2 mass %, wherein
the method comprises the steps of: providing, as a material alloy, a strip cast
alloy that comprises R-rich phases in which an average interval between the R-
rich phases is 4 .mu.m or less; exposing the material alloy to a hydrogen
atmosphere, thereby getting the material alloy decrepitated and obtaining a
coarse powder; obtaining a fine powder by finely pulverizing the coarse
powder so that the fine powder has a particle size represented by a D50 of 3
.mu.m or less as measured by dry jet dispersion laser diffraction analysis and
has an oxygen content of 0.2 mass % or less; obtaining a compact by
performing a press compaction process on the fine powder under a magnetic
field; and sintering the compact by keeping the compact heated to a
temperature of 850.degree. C. to 1,000.degree. C. for 4 to 48 hours.

Filed: 8,317,937 Assignee: Alloy for sintered R-T-B-M magnet and method for producing same
March 29,
2010 Hitachi Metals, Ltd. Abstract
In order to make a sintered R-T-B-M magnet so that R.sub.2T.sub.14B phases
Issued: (Tokyo, JAPAN) that include a lot of Dy in the surface region of the main phase are distributed
November over the entire magnet, a region including a heavy rare-earth element RH at a
27,2012 high concentration is formed continuously beforehand at an interface between
the crystals of an R.sub.2T.sub.14B compound that is the main phase of the
Expires: sintered R-T-B-M magnet and the other phases.
March
2030 The invention claimed is:

1. A material alloy [composition of matter] used to produce a sintered R-T-B-
M magnet having a composition that comprises: 12 at % to 17 at % of R,
which represents rare-earth elements that include both a light rare-earth
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element RL and a heavy rare-earth element RH and which includes either Nd
or Pr as the light rare-earth element RL and at least one of Th, Dy and Ho as
the heavy rare-earth element RH; 5 at % to 8 at % of B, part of which is
replaceable with C; 2 at % or less of an additive element M, which is at least
one element selected from the group consisting of Al, Ti, V, Cr, Mn, Ni, Cu,
Zn, Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W, Pb and Bi; and T (which is a
transition metal that includes Fe as a major component and that possibly
includes Co) and inevitable impurities as the balance, wherein a continuous
region where the heavy rare-earth element RH has a high concentration is
present at an interface between crystals of an R.sub.2T.sub.14B compound that
is a main phase and an R-rich phase so as to cover a length of at least 10 .mu.m
along the major axis of the crystals of the R.sub.2T.sub.14B compound.

2. A method for producing a material alloy [process/method] used to produce a
sintered R-T-B-M magnet, the method comprising the steps of: providing an
R-T-B-M master alloy that includes: 12 at % to 17 at % of R, which represents
rare-earth elements that include both a light rare-earth element RL and a heavy
rare-earth element RH and which always includes either Nd or Pr as the light
rare-earth element RL and at least one of Th, Dy and Ho as the heavy rare-
earth element RH; 5 at % to 8 at % of B, part of which is replaceable with C; 2
at % or less of an additive element M, which is at least one element selected
from the group consisting of Al, Ti, V, Cr, Mn, Ni, Cu, Zn, Ga, Zr, Nb, Mo,
Ag, In, Sn, Hf, Ta, W, Pb and Bi; and T (which is a transition metal that
includes Fe as a major component and that possibly includes Co) and
inevitable impurities as the balance; providing a metal or alloy of the heavy
rare-earth element RH that includes 20 at % or more of the heavy rare-earth
element RH; and putting the R-T-B-M master alloy and the metal or alloy of
the heavy rare-earth element RH in a processing space with a gap between the
R-T-B-M master alloy and the metal or alloy of the heavy rare-earth element
RH and subjecting the master alloy and the metal or alloy of the heavy rare-
earth element RH to a heat treatment at a temperature of 600.degree. C. to
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1,000.degree. C. within an atmosphere at a pressure of 10 Pa or less for at least
10 minutes and up to 48 hours. ....

Filed: 8,313,801 Assignee: Coating formulation and application of organic passivation layer onto iron-
Sept based rare earth powders
15, 2009 Magnequench, Inc.
Abstract
Issued: (Republic of The present disclosure relates to coating formulations for neodymium-iron-
November Singapore) boron type magnetic powders manufactured from rapid solidification processes
20, 2012 for the purpose, inter alia, of corrosion and oxidation resistance when exposed
to aggressive environments. The coating formulation preferably contains an
Expires: epoxy binder, curing agent, an accelerating agent, and a lubricant. By
Sept 2029 incorporating coupling agents and optionally, other specialty additives with the

magnetic powder and the organic epoxy components, additional oxidation and
corrosion prevention, enhanced adhesion and dispersion between the filler and
matrix phases can be achieved. This disclosure relates to all such rare earth-
transition metal-boron (RE-TM-B) powders produced by rapid solidification
and encompasses both the bonded magnet products that include combinations
of the materials mentioned and the application processes.

What is claimed is:

1. A process of making [process/method] a liquid-coated rapidly solidified
rare earth-transition metal-boron magnet material, the process comprising:
providing a homogeneous solution comprising a solvent, one or more of an
organotitanate or organozirconate coupling agents, an epoxy resin, a hardener,
an accelerator, and a lubricant; combining a rare earth-transition metal-boron
magnet powder with said homogeneous solution to form a slurry mixture;
stirring said slurry mixture periodically; and maintaining said slurry mixture at
a temperature between 40-60.degree. C., such that said solvent evaporates and
a coating is formed on the magnet powder; wherein the coupling agent has a
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general form of (RO--).sub.n(Ti or Zr)(--OR"Y).sub.4-n where R is a
neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl group, Ti or Zr has a
coordination number of 4, R" is a phosphito, pyrophosphato or cyclic
pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with
1.1toreq.n.ltoreq.4; and wherein the amount of the coupling agent in the coating
that is formed is about 0.1 weight percent to about 1 weight percent of the
coated magnet powder.....

12. A process of making [process/method] a liquid-coated rapidly solidified
rare earth-transition metal-boron magnet material, the process comprising:
providing a homogeneous solution comprising a solvent, one or more of an
organotitanate or organozirconate coupling agents, an epoxy resin, a hardener,
an accelerator, and a lubricant; combining a rare earth-transition metal-boron
magnet powder with said homogeneous solution to form a slurry mixture; and
evaporating the solvent to form a coating on the magnet powder; wherein the
coupling agent has a general form of (RO--).sub.n(Ti or Zr)(--OR"Y).sub.4-n
where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl group,
Ti or Zr has a coordination number of 4, R" is a phosphito, pyrophosphato or
cyclic pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with
1.1toreq.n.ltoreq.4; and wherein the amount of the coupling agent in the coating
that is formed is about 0.1 weight percent to about 1 weight percent of the
coated magnet powder. ...

Filed: Feb | 8,303,837 Assignee: Rotating machine, bonded magnet, magnet roll, and method for producing
13, 2007 sintered ferrite magnet

Hitachi Metals, Ltd.
Issued: Abstract
Nov 6, (Japan) A rotating machine comprising a sintered ferrite magnet having an M-type
2012 ferrite structure, comprising Ca, an R element that is at least one of rare earth

elements and indispensably includes La, Ba, Fe and Co as indispensable

Expires: elements, and having a composition represented by the formula: Ca.sub.1-x-
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Feb. 2027 yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z, wherein (1-x-y), X, Y, z and n represent
the contents of Ca, the R element, Ba and Co, and a molar ratio, meeting
0.3.Itoreq.1-x-y.ltoreq.0.65, 0.2.ltoreq.x.Itoreq.0.65, 0.001.Itoreq.y.ltoreq.0.2,
0.03.Itoreq.z.Itoreq.0.65, 4.Itoreq.n.ltoreq.7, and 1-x-y>y; a bonded magnet
comprising ferrite powder having the above composition and a binder, and a
magnet roll, at least one magnetic pole portion of which is made of the above
bonded magnet.

What is claimed is:

1. A magnet roll , at least one magnetic pole portion of which is made of a
[composition of matter] bonded magnet comprising ferrite powder and a
binder, said ferrite powder having an M-type ferrite structure, comprising Ca,
an R element that is at least one of rare earth elements and indispensably
includes La, Ba, Fe and Co as indispensable elements, and having a
composition represented by the following general formula: Ca.sub.1-x-
yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z (by atomic ratio), wherein (1-x-y), X, Y,
z and n represent the contents of Ca, the R element, Ba and Co, and a molar
ratio, meeting 0.3.ltoreq.1-x-y.ltoreq.0.65, 0.2.1toreq.x.ltoreq.0.65,
0.001.ltoreq.y.ltoreq.0.2, 0.03.Itoreq.z.Itoreq.0.65, 4.ltoreq.n.ltoreq.7, and 1-x-

y>y ...

Filed: 8,303,732 Assignee: Rare earth magnet
Jan 29,
2010 Hitachi, Ltd. Abstract

A rare earth magnet having a composition represented by RTB wherein R
Issued: (Japan) denotes a rare earth element, T a transition metal and B boron, the magnet
November being composed of magnet powder constituted by crystalline particles. The
6, 2012 particles of the magnetic powder have a ratio of a short diameter being 10

.mu.m or more to a long diameter is 0.5 or less. An element Rm having a
Expires: magnetic anisotropy higher than that of the rare earth element is contained in
Jan 2030 the surface and inside of the magnet constituted by the magnet powder in an
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approximately constant concentration. An oxy-fluoride and carbon are present
at boundaries of the particles of the magnet powder.

What is claimed is:

1. A rare earth magnet having a composition [composition of matter]
represented by RTB wherein R denotes a rare earth element, T a transition
metal and B boron, the magnet being composed of particles of magnetic
powder constituted by crystalline particles, wherein the particles of the
magnetic powder have a flat form in which a ratio of a short diameter to a long
diameter is 0.5 or less, wherein an element Rm having a magnetic anisotropy
higher than that of the rare earth element is contained in the surface and inside
of the magnet constituted by the magnet powder, a concentration of Rm in the
surface of the crystalline particles being higher than that of the inside thereof,
wherein a size of the crystalline particles in c-axis is 20 to 100 nm, and a size
in a direction perpendicular to the c-axis is 100 to 400 nm, and wherein an
oxy-fluoride and carbon are present at least at crystal grain boundaries of the
particles of the magnet powder. ...

6. A rare earth magnet having a composition represented by RTB [composition
of matter] wherein R denotes a rare earth element, T a transition metal and B
boron, wherein the magnet is composed of magnet powder constituted by
crystalline particles, wherein the particles of the magnetic powder have a flat
form, wherein an oxy-fluoride and carbon are present at least at crystal grain
boundaries of the particles of the magnet powder, wherein an element Rm
having a magnetic anisotropy higher than that of the rare earth element is
contained in the surface and inside of the magnet constituted by the magnet
powder, wherein a concentration of Rm in the surface of the magnet powder is
higher than inside of the magnet powder, and wherein a size of the crystalline
particles in c-axis is 20 to 100 nm, and a size in a direction perpendicular to the
c-axis is 100 to 400 nm.
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Filed: Feb | 8,298,469 Assignee: Method for manufacturing magnet poles
7,2012
Siemens Abstract

Issued: Aktiengesellschaft A method for manufacturing sintered magnet poles is described. The mold is
Oct30, filled with a vitrifiable base material powder and closed with a plate. A
2012 (Germany) magnetic field aligns the powder and a plate pressed onto the powder

establishes a compact that holds the alignment in place. The compact is
Expires: sintered to form a sintered magnet pole. The mold forms a protective cover of
Feb 2032 the sintered magnet pole and the plate forms a base plate of a magnet pole

piece. Furthermore, a magnet pole piece is provided which has a magnet pole
and a base plate which is fixed to a protective cover so that the base plate and
the protective cover surround the magnet pole. The base plate and/or the
protective cover of the magnet pole piece has at least one element that provides
a geometrical locking of the magnet pole to the base plate and/or the protective
cover.

The invention claimed is:

1. A method for manufacturing [process/method] sintered magnet poles,
comprising: providing a mould having a first opening; filling a vitrifiable
randomly oriented base material powder into the mould through the first
opening; closing the first opening with a plate; placing the mould with the
randomly oriented powder into a magnetic field to align the randomly oriented
powder into aligned powder; pressing the plate onto the aligned powder to
establish a compact that holds the alignment of the aligned powder in place;
sintering the compact while the compact is oriented over the plate inside the
mould to form a sintered magnet pole that adheres to the plate as a result of the
sintering process, wherein a gap is formed between the sintered magnet pole
and the mould due to shrinkage of the compact during sintering;
simultaneously pressing the mould inside a die during sintering, wherein the
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mould is initially provided in a rough shape, and wherein the rough shape is
converted to a final shape as a result of said pressing; quenching and then heat
treating the sintered magnet pole; fixing the mould to the plate before or after
quenching or heat treatment; introducing a filling material into the gap by
vacuum injection after fixing the mould to the plate; and using the protective
cover and base plate as part of the final product, wherein the mould ultimately
forms a protective cover of the sintered magnet pole and the plate ultimately
forms a base plate of a magnet pole piece.

Filed: 8,298,352 Assignee: Method for the production of magnet cores, magnet core and inductive
July 23, component with a magnet core
2008 Vacuumschmelze
GmbH & Co. KG Abstract
Issued: A magnet core (1) made of a composite of platelet-shaped particles of a
October (Germany) thickness D and a binder has a particularly linear relative permeability curve
30, 2012 over a pre-magnetised constant field. For this purpose, the platelet-shaped
particles (5) are provided with an amorphous volume matrix (8), wherein areas
Expires: (9) with a crystalline structure having a thickness d of
July 2028 0.04*D.ltoreq.d.Itoreq.0.25*D and covering a proportion x of x.gtoreq.0.1 of
the surface (6, 7) of the particle (5) are embedded on the surface (6, 7) of the
particle (5).

The invention claimed is:

1. A magnet core comprising a [composition of matter] composite of: (a)
platelet-shaped particles of a magnetic alloy, each comprising an amorphous
volume matrix and two opposing main surfaces which are separated by a
thickness D, wherein extending into the amorphous volume matrix from at
least one of the surfaces are embedded areas having a crystalline structure,
which embedded areas extend into the amorphous volume matrix a thickness d,
such that 0.04*D.ltoreq.d.Itoreq.0.25*D and which embedded areas cover a
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proportion x of the surface of the platelet-shaped particles such that
x.gtoreq.0.1; and (b) a binder.

Filed: May | 8,298,351 Assignee: R-T-B rare earth sintered magnet
9,2011
Shin-Etsu Chemical Abstract
Issued: Oct Co., Ltd. A rare earth sintered magnet consists essentially of 26-36 wt % R, 0.5-1.5 wt
30, 2012 % B, 0.1-2.0 wt % Ni, 0.1-3.0 wt % Si, 0.05-1.0 wt % Cu, 0.05-4.0 wt % M,
(Japan) and the balance of T and incidental impurities wherein R is a rare earth
Expires: element, T is Fe or Fe and Co, M is selected from Ga, Zr, Nb, Hf, Ta, W, Mo,
May 2031 Al, V, Cr, Ti, Ag, Mn, Ge, Sn, Bi, Pb, and Zn. Simultaneous addition of Ni, Si,
and Cu ensures magnetic properties and corrosion resistance.
The invention claimed is:
1. A R-T-B rare earth sintered magnet in the form of a sintered body having a
composition [composition of matter] consisting essentially of, in % by
weight, 26 to 36% of R, 0.5 to 1.3% of B, 0.1 to 2.0% of Ni, 0.1 to 3.0% of Si,
0.05 to 1.0% of Cu, 0.05 to 4.0% of M, and the balance of T and incidental
impurities, wherein R is one or more element selected from rare earth elements
including Y and Sc, T is Fe or Fe and Co, M is one or more element selected
from the group consisting of Ga, Zr, Nb, Hf, Ta, W, Mo, Al, V, Cr, Ti, Ag,
Mn, Ge, Sn, Bi, Pb, and Zn, and a phase of compound containing R, Co, Si, Ni
and Cu precipitates within the sintered body.
Filed: 8,287,664 Assignee: Method for the production of magnet cores, magnet core and inductive
July 11, component with a magnet core
2007 Vacuumschmelze
GmbH & Co. KG Abstract
Issued: A magnet core is required to be particularly dense, made of alloys produced in
October (Germany) a rapid solidification process and have a minimal coercitive field strength. To
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16, 2012 achieve these aims, a coarse-grain powder fraction is first produced from an
amorphous strip of a soft magnetic alloy. In addition, at least one fine-grain

Expires: powder fraction is produced from a nanocrystalline strip of a soft magnetic

July 2027 alloy. The particle fractions are then mixed to produce a multi-modal powder,

wherein the particles of the coarse-grain particle fraction have an amorphous
structure and the particles of the fine-grain powder fraction have a
nanocrystalline structure. The multi-modal powder is then pressed to produce a
magnet core.

The invention claimed is:

1. A method for the production of a magnet core [process/method] ,
comprising: producing from an amorphous soft magnetic strip at least one
coarse-grain powder fraction having particle diameters between 70 and 200
.mu.m; producing from a nanocrystalline soft magnetic strip made of an alloy
capable of nanocrystallisation at least one fine-grain powder fraction having
particle diameters between 20 and 63 .mu.m; mixing of the coarse- and fine-
grain powder fractions to produce a powder mixture with a multi-modal
particle size distribution, wherein the particles of the coarse-grain particle
fraction have an amorphous structure and the particles of the fine-grain powder
fraction have a nanocrystalline structure; pressing of the multi-modal powder
mixture to produce a magnet core.
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Filed: 8,287,661 Assignee: Method for producing R-T-B sintered magnet
Jan 14,
2010 Hitachi Metals, Ltd. Abstract
A method for producing a sintered R-T-B based magnet includes the steps of:
Issued: (Japan) providing R-T-B based alloy powders A and B so that the R-T-B based alloy
October powder B has a particle size D50 that is smaller by at least 1.0 .mu.m than that
16, 2012 of the R-T-B based alloy powder A and that there is a difference .DELTA.RH
of at least 4 mass % between the higher content of a heavy rare-earth element
Expires: RH in the R-T-B based alloy powder B and the lower content of the heavy
Jan 2030 rare-earth element RH in the R-T-B based alloy powder A; mixing these two

R-T-B based alloy powders A and B together; compacting the mixed R-T-B
based alloy powder to obtain a compact with a predetermined shape; and
sintering the compact.

The invention claimed is:

1. A method for producing [process/method] a sintered R-T-B based magnet,
the method comprising the steps of: providing R-T-B based alloy powders A
and B, wherein the powder A includes 27.3 mass % to 31.2 mass % of R
(which is at least one of the rare-earth elements), 0.92 mass % to 1.15 mass %
of B, and T as the balance (where T is either Fe alone or Fe and Co and where
Co accounts for at most 20 mass % of T if T includes Fe and Co) and wherein
the powder B includes 27.3 mass % to 36.0 mass % of R (which is at least one
of the rare-earth elements), 0.92 mass % to 1.15 mass % of B, and T as the
balance (where T is either Fe alone or Fe and Co and where Co accounts for at
most 20 mass % of T if T includes Fe and Co); mixing these two R-T-B based
alloy powders A and B together; compacting the mixed R-T-B based alloy
powder to obtain a compact with a predetermined shape; and sintering the
compact, wherein R included in the R-T-B based alloy powder B includes 4
mass % to 36 mass % of heavy rare-earth element RH, which is at least one of
Dy and Thb, and wherein the content of the heavy rare-earth element RH in the
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R-T-B based alloy powder B is larger by at least 4 mass % than the content of
the heavy rare-earth element RH in the R-T-B based alloy powder A, and
wherein the particle size D50 of the R-T-B based alloy powder B is smaller by
at least 1.0 .mu.m than the particle size D50 of the R-T-B based alloy powder
A.
Filed: 8,277,578 Assignee: Rare earth permanent magnet and its preparation
Oct 27,
2010 Shin-Etsu Chemical Abstract
Co., Ltd. A rare earth permanent magnet is prepared by disposing a powdered metal
Issued: alloy containing at least 70 vol % of an intermetallic compound phase on a
October 2, (Japan) sintered body of R--Fe--B system and heating the sintered body having the
2012 powder disposed on its surface below the sintering temperature of the sintered
body in vacuum or in an inert gas for diffusion treatment. The advantages
Expires: include efficient productivity, excellent magnetic performance, a minimal or
Oct 2030 zero amount of Th or Dy used, an increased coercive force, and a minimized
decline of remanence.
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The invention claimed is:

1. A rare earth permanent magnet, which is prepared by [process/method]
disposing an alloy powder on a surface of an original sintered body of the
composition R.sub.a-T.sup.1.sub.b-B.sub.cwherein R is at least one element
selected from rare earth elements inclusive of Y and Sc, T.sup.1 is at least one
element selected from Fe and Co, B is boron, "a," "b™ and "c" indicative of
atomic percent are in the range: 12.ltoreq.a.ltoreq.20, 4.0.1toreq.c7.0, and the
balance of b, said alloy powder having the composition M.sup.1.sub.d-
M.sup.2.sub.ewherein each of M.sup.1 and M.sup.2is at least one element
selected from the group consisting of Al, Si, C, P, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pb, and Bi, M.sup.1 is
different from M.sup.2, "d" and "e" indicative of atomic percent are in the
range: 0.1.Itoreq.e.ltoreq.99.9 and the balance of d, and containing at least 70%
by volume of an intermetallic compound phase, and heat treating the sintered
body having the alloy powder disposed on its surface at a temperature equal to
or below the sintering temperature of the original sintered body in vacuum or
in an inert gas, wherein at least one element of M.sup.1 and at least one
element of M.sup.2 in the alloy powder is diffused to grain boundaries in the
interior of the sintered body and/or near grain boundaries within sintered body
primary phase grains, and not into the interior of primary phase grains, so that
the coercive force of the magnet is increased over the magnet properties of the
original sintered body.

2. The rare earth permanent magnet according to claim 1, wherein
[composition of matter] the at least one element of M.sup.1 and the at least
one element of M.sup.2 in the alloy powder is diffused to grain boundaries in
the interior of the sintered body and near grain boundaries within sintered body
primary phase grains so that the coercive force of the magnet is increased over
the magnet properties of the original sintered body.
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Filed: 8,268,093 Assignee: R-Fe-B porous magnet and method for producing the same
May 18,
2007 Hitachi Metals, Ltd. Abstract

An R--Fe--B based porous magnet according to the present invention has an
Issued: (Japan) aggregate structure of Nd.sub.2Fe.sub.14B type crystalline phases with an
September average grain size of 0.1 .mu.m to 1 .mu.m. At least a portion of the magnet is
18, 2012 porous and has micropores with a major axis of 1 .mu.m to 20 .mu.m.
Expires: The invention claimed is:
May 2027

1. A method [process/method] for producing an R--Fe--B based porous
magnet, the method comprising the steps of: providing an R--Fe--B based rare-
earth alloy powder with a mean particle size that is less than 10 .mu.m; making
a powder compact by compacting the R--Fe--B based rare-earth alloy powder;
producing hydrogenation and disproportionation reactions by heat-treating the
powder compact at a temperature of 650.degree. C. to less than 900.degree. C.
within a hydrogen gas; producing desorption and recombination reactions by
heat-treating the powder compact at a temperature of 650.degree. C. to less
than about 900.degree. C. within either a vacuum or an inert atmosphere,
which forms an R--Fe--B based porous magnet that has a density of 3.5
g/cm.sup.3 to 7.0 g/cm.sup.3 and that has micropores with a major axis of 1
.mu.m to 20 .mu.m; and decreasing a temperature of the R--Fe--B based
porous magnet to room temperature, which forms the R--Fe--B based porous
magnet that has a density of 3.5 g/cm.sup.3 to 7.0 g/cm.sup.3 at room
temperature. ..

4. The method of claim 1, wherein the R--Fe--B based rare-earth alloy powder
is obtained by pulverizing a rapidly solidified alloy. ...

8. A method of making an R--Fe--B based magnet powder, the method
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comprising the steps of: making a powder compact by compacting an R--Fe--B
based rare-earth alloy powder with a mean particle size that is less than 10
.mu.m; producing hydrogenation and disproportionation reactions by heat-
treating the powder compact at a temperature of 650.degree. C. to less than
900.degree. C. within a hydrogen gas; producing desorption and recombination
reactions and forming an R--Fe--B based porous magnet by heat-treating the
powder compact at a temperature of 650.degree. C. to less than about
900.degree. C. within either a vacuum or an inert atmosphere, which forms an
R--Fe--B based porous magnet that has a density of 3.5 g/cm.sup.3 to 7.0
g/cm.sup.3 and that has micropores with a major axis of 1 .mu.m to 20 .mu.m;
and pulverizing the R--Fe--B based porous magnet ...

Filed: Dec | 8,262,808 Assignee: Permanent magnet and method of manufacturing same
19, 2007
ULVAC, Inc. Abstract

Issued: There is provided a method of manufacturing a permanent magnet which has
Sept 11, (Japan) an extremely high coercive force and high magnetic properties is manufactured
2012 at high productivity. There are executed: a first step of causing at least one of

Dy and Thb to adhere to at least part of a surface of iron-boron-rare-earth based
Expires: sintered magnet; and a second step of diffusing, through heat-treatment at a
Dec 2027 predetermined temperature, at least one of Dy and Tb adhered to the surface of

the sintered magnet into grain boundary phase of the sintered magnet. As the
sintered magnet, there is used one which is manufactured by: mixing each
powder of principal phase alloy (constituted primarily by R.sub.2T.sub.14B
phase, where R is at least one rare earth element primarily including Nd and
where T is a transition metal primarily including Fe), and a liquid phase alloy
(having a higher content of R than R.sub.2T.sub.14B phase and primarily
constituted by R-rich phase) in a predetermined mixing ratio; press-forming in
magnetic field a mixed powder thus obtained; and sintering a press-formed
body in vacuum or inert gas atmosphere
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What is claimed is:

1. A method of manufacturing [process/method] a permanent magnet
comprising: manufacturing an iron-boron-rare-earth based sintered magnet by:
mixing a first powder and a second powder in a predetermined mixing ratio
into a mixed powder, the first powder comprising a principal phase alloy
including an R.sub.2T.sub.14B phase, where R is at least one rare earth
element including Nd and where T is a transition metal including Fe, and the
second powder comprising a liquid phase alloy including a higher content of R
than the R.sub.2T.sub.14B phase of the first powder and a R-rich phase; press-
forming the mixed powder oriented in a magnetic field into a press-formed
body; and sintering the press-formed body in one of vacuum and inert gas
atmosphere providing the manufactured sintered magnet and an evaporating
material disposed at a distance from each other; providing, through a vapor
atmosphere, the evaporating material comprising at least one of Dy and Tb to
at least part of a surface of the sintered magnet; and diffusing, through heat-
treatment at a first predetermined temperature, the at least one of Dy and Th
adhered to at least part of the surface of the sintered magnet into a grain
boundary phase of the sintered magnet, before a thin film made of the
evaporating material is formed on the at least part of the surface of the sintered

magnet.
Filed: 8,252,123 Assignee: Rare earth permanent magnet and its preparation
Oct 27,
2010 Shin-Etsu Chemical Abstract

Co., Ltd. A rare earth permanent magnet is prepared by disposing a powdered metal

Issued: alloy containing at least 70 vol % of an intermetallic compound phase on a
Aug 28, (Japan) sintered body of R--Fe--B system, and heating the sintered body having the
2012 powder disposed on its surface below the sintering temperature of the sintered

body in vacuum or in an inert gas for diffusion treatment. The advantages
Expires: include efficient productivity, excellent magnetic performance, a minimal or
Oct 2030 zero amount of Th or Dy used, an increased coercive force, and a minimized
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decline of remanence.
The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet,
comprising the steps of: disposing an alloy powder having an average particle
size of up to 500 .mu.m on a surface of an original sintered body of the
composition R.sub.a-T.sup.1.sub.b-B.sub.c wherein R is at least one element
selected from rare earth elements inclusive of Y and Sc, T.sup.1 is at least one
element selected from Fe and Co, B is boron, "a," "b™ and "c" indicative of
atomic percent are in the range: 12.ltoreg.a.ltoreq.20, 4.0.1toreq.c.ltoreq.7.0,
and the balance of b, said alloy powder having the composition
R.sup.1.sub.xT.sup.2.sub.yM.sup.1.sub.z wherein R.sup.1 is at least one
element selected from rare earth elements inclusive of Y and Sc, T.sup.2 is at
least one element selected from Fe and Co, M.sup.1 is at least one element
selected from the group consisting of Al, Si, C, P, Ti, V, Cr, Mn, Ni, Cu, Zn,
Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sbh, Hf, Ta, W, Pb, and Bi, X, y and z
indicative of atomic percent are in the range: 5.ltoreq.x.ltoreq.85,
15<z.Itoreq.95, and the balance is y being greater than 0, and containing at
least 70% by volume of an intermetallic compound phase, and heat treating the
sintered body having the alloy powder disposed on its surface at a temperature
equal to or below the sintering temperature of the original sintered body in
vacuum or in an inert gas, for causing at least one element of R.sup.1 and at
least one element of M.sup.1 in the powder to diffuse to grain boundaries in
the interior of the sintered body and/or near grain boundaries within sintered
body primary phase grains, said disposing step includes grinding an alloy
having the composition R.sup.1.sub.XT.sup.2.sub.yM.sup.1.sub.z wherein
R.sup.1, T.sup.2, M.sup.1, x, y and z are as defined above and containing at
least 70% by volume of an intermetallic compound phase into a powder having
an average particle size of up to 500 .mu.m, dispersing the powder in an
organic solvent or water, applying the resulting slurry to the surface of the
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sintered body, and drying.

Filed: 8,231,740 Assignee: Method for preparing rare earth permanent magnet material
April 12,
2007 Shin-Etsu Chemical Abstract
Co., Ltd. A rare earth permanent magnet material is prepared by covering a sintered

Issued: magnet body of R.sup.1--Fe--B composition wherein R.sup.1 is a rare earth
July 31, (Japan) element, with a powder comprising at least 30% by weight of an alloy of
2012 R.sup.2.sub.aT.sub.bM.sub.cA.sub.dH.sub.e wherein R.sup.2 is a rare earth

element, T is Fe and/or Co, and M is Al, Cu or the like, and having an average
Expires: particle size up to 100 .mu.m, and heat treating the powder-covered magnet
Ap 2027 body at a suitable temperature, for causing R.sup.2, T, M and A in the powder

to be absorbed in the magnet body.
The invention claimed is:

1. A method [process/method] for preparing a rare earth permanent magnet
material, comprising the steps of: disposing a powder on a surface of a sintered
magnet body of R.sup.1--Fe--B composition wherein R.sup.1 is at least one
element selected from rare earth elements inclusive of Sc and Y, said powder
comprising at least 30% by weight of an alloy of
R.sup.2.sub.aT.sub.bM.sub.cA.sub.dH.sub.e wherein R.sup.2 is at least one
element selected from rare earth elements inclusive of Scand Y, T is iron or
iron and cobalt wherein the content of iron is 30 to 70 atom % based on T, M is
at least one element selected from the group consisting of Al, Cu, Zn, In, Si, P,
S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo, Pd, Ag, Cd, Sn, Sh, Hf, Ta, and W,
A is boron and/or carbon, H is hydrogen, and "a" to "e" is representative of
atomic percentages based on the alloy and the range of "a", "c", "d" and "e" is
15.Itoreq.a.ltoreq.70, 0.1.1toreq.c.ltoreq.10, 0.ltoreg.d.ltoreq.12, e=0, and the
balance is b, and said powder having an average particle size equal to or less
than 100 .mu.m, heat treating the magnet body having the powder disposed on
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its surface at a temperature equal to or below the sintering temperature of the
magnet body in vacuum or in an inert gas, for absorption treatment for causing
R.sup.2 and at least one of T, M and A in the powder to be absorbed in the
magnet body, and effecting an aging treatment at a lower temperature after the
absorption treatment.

Filed: 8,211,327 Assignee: Preparation of rare earth permanent magnet material
March 22,
2005 Shin-Etsu Chemical Abstract

Co., Ltd. A method for preparing a rare earth permanent magnet material comprising the
Issued: steps of [process/method]: disposing a powder comprising one or more
July 3, (Japan) members selected from an oxide of R.sup.2, a fluoride of R.sup.3, and an
2012 oxyfluoride of R.sup.4 wherein R.sup.2, R.sup.3 and R.sup.4 each are one or

more elements selected from among rare earth elements inclusive of Y and Sc

Expires: on a sintered magnet form of a R.sup.1--Fe--B composition wherein R.sup.1 is
March one or more elements selected from among rare earth elements inclusive of Y
2025 and Sc, and heat treating the magnet form and the powder at a temperature

equal to or below the sintering temperature of the magnet in vacuum or in an
inert gas. The invention offers a high performance, compact or thin permanent
magnet having a high remanence and coercivity at a high productivity.

Filed: 8,206,606 Assignee: Oxide magnetic material
June 25,
2008 Hitachi Metals, Ltd. Abstract
An oxide magnetic material [composition of matter] includes a ferrite with a
Issued: (Japan) hexagonal structure as its main phase. Metallic elements included in the oxide
June 26, magnetic material are represented by the formula: Ca.sub.1-x-
2012 x'La.sub.xSr.sub.x'Fe.sub.2n-yCo.sub.y, where atomic ratios x, X" and y and a
molar ratio n satisfy 0.4.ltoreq.x.ltoreq.0.6, 0.01.1toreq.x".Itoreq.0.3,
Expires: 0.2.ltoreq.y.ltoreq.0.45 and 5.2.1toreq.n.ltoreq.5.8, respectively.
June 2038
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What is claimed is:

1. An oxide magnetic material [composition of matter] comprising a ferrite
with a hexagonal structure as its main phase, wherein metallic elements
included in the oxide magnetic material are represented by the formula:
Ca.sub.1-x-x'La.sub.xSr.sub.x'Fe.sub.2n-yCo.sub.y, where atomic ratios x, x'
and y and a molar ratio n satisfy: 0.4.Itoreq.x.Itoreq.0.55;
0.01.Itoreq.x".Itoreq.0.2; 0.2.1toreq.y.ltoreq.0.4; x/y.gtoreq.1.3; 1-x-X".gtoreq.x’;
and 5.2.1toreq.n.ltoreq.5.8; respectively. ...

11. An sintered magnet comprising [composition of matter]a ferrite with a
hexagonal structure as its main phase, wherein metallic elements included in
the sintered magnet are represented by the formula: Ca.sub.1-x-
x'La.sub.xSr.sub.x'Fe.sub.2n-yCo.sub.y, where atomic ratios x, X' and y and a
molar ratio n satisfy: 0.4.Itoreq.x.Itoreq.0.55; 0.01.Itoreqg.x".Itoreq.0.2;
0.2.ltoreq.y.ltoreq.0.4; x/y.gtoreq.1.3; 1-x-x'.gtoreq.x’; and
4.3.Itoreq.n.ltoreq.5.8; respectively; and the sintered magnet is made by adding
at least one of 1.8 mass % of less of CaCO.sub.3, 0.5 mass % or less of
SrCO.sub.3, and 1.0 mass % of less of SiO.sub.2 to a calcined body of an
oxide magnetic material and then sintering the mixture.

Filed: 8,206,516 Assignee: R--Fe--B rare earth sintered magnet and method for producing same
March 1,
2007 Hitachi Metals, Ltd. Abstract
In a method for producing an R--Fe--B based rare-earth sintered magnet
Issued: (Japan) according to the present invention, first, provided is an R--Fe--B based rare-
June 26, earth sintered magnet body including, as a main phase, crystal grains of an
2012 R.sub.2Fe.sub.14B type compound that includes a light rare-earth element RL,
which is at least one of Nd and Pr, as a major rare-earth element R. Thereafter,
Expires: the sintered magnet body is heated while a heavy rare-earth element RH, which
March is at least one element selected from the group consisting of Dy, Ho and Tb, is
2027 supplied to the surface of the sintered magnet body, thereby diffusing the
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heavy rare-earth element RH into the rare-earth sintered magnet body.
The invention claimed is:

1. A method for producing [process/method] an R--Fe--B based rare-earth
sintered magnet, the method comprising the steps of: (a) providing an R--Fe--B
based rare-earth sintered magnet body including, as a main phase, crystal
grains of an R.sub.2Fe.sub.14B type compound that includes a light rare-earth
element RL, which is at least one of Nd and Pr, as a major rare-earth element
R; (b) arranging a bulk body including a heavy rare-earth element RH, which
is at least one element selected from the group consisting of Dy, Ho and Tb,
along with the R--Fe--B based rare-earth sintered magnet body in a container;
and (c) heating the container, by a heat treatment furnace in which the
container is loaded, so that the bulk body and the R--Fe--B based rare-earth
sintered magnet body arranged in the container are heated to a temperature of
700.degree. C. to 1,000.degree. C. to vaporize the heavy rare-earth element RH
from the bulk body, thereby diffusing the heavy rare-earth element RH into the
R--Fe--B based rare-earth sintered magnet body while supplying the heavy
rare-earth element RH from the bulk body to the surface of the R--Fe--B based
rare-earth sintered magnet body so that substantially no thin film made of the
heavy rare-earth element RH is formed on the R--Fe--B based rare-earth
sintered magnet body, wherein the step (c) includes arranging the bulk body
and the R--Fe--B based rare-earth sintered magnet body out of contact with
each other in the container and setting an average gap between the two bodies
within the range of 0.1 mm to 300 mm, and wherein the step (c) includes
setting a difference in temperature between the R--Fe--B based rare-earth
sintered magnet body and the bulk body within 20.degree. C.

Filed: 8,187,392 Assignee: R-Fe-B type rare earth sintered magnet and process for production of the same
July 1,
2008 Hitachi Metals, Ltd. Abstract
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In an R--Fe--B based rare-earth sintered magnet according to the present

Issued: (Japan) invention, at a depth of 20 .mu.m under the surface of its magnet body, crystal

May 29, grains of an R.sub.2Fe.sub.14B type compound have an (RL.sub.1-

2012 XRH.sub.x).sub.2Fe.sub.14B (where 0.2.1toreq.x.ltoreq.0.75) layer with a
thickness of 1 nm to 2 .mu.m in their outer periphery. In this case, the light

Expires: rare-earth element RL is at least one of Nd and Pr, and the heavy rare-earth

July 2028 element RH is at least one element selected from the group consisting of Dy,
Ho and Th.

The invention claimed is:

1. A method [process/method] for producing an R--Fe--B based rare-earth
sintered magnet, the method comprising the steps of: (a) providing an R--Fe--B
based rare-earth sintered magnet body, which includes, as a main phase, crystal
grains of an R.sub.2Fe.sub.14B type compound including a light rare-earth
element RL (which is at least one of Nd and Pr) as a major rare-earth element
R; (b) diffusing a heavy rare-earth element RH (which is at least one element
selected from the group consisting of Dy, Ho and Tb) inside the R--Fe--B
based rare-earth sintered magnet body; and (c) removing a surface portion of
the R--Fe--B based rare-earth sintered magnet body, in which the heavy rare-
earth element RH has been diffused, to a depth of 5.mu.m to 500 .mu.m,
wherein the step (b) includes the steps of: (b1) arranging a bulk body including
the heavy rare-earth element RH (which is at least one element selected from
the group consisting of Dy, Ho and Tb), along with the R--Fe--B based rare-
earth sintered magnet body, in a processing chamber and arranging the bulk
body and the R--Fe--B based rare-earth sintered magnet body out of contact
with each other in the processing chamber and leaving an average gap of 0.1
mm to 300 mm between them; and (b2) heating the bulk body and the R--Fe--
B based rare-earth sintered magnet body together to a temperature of
700.degree. C. to 1,000.degree. C., thereby diffusing the heavy rare-earth
element RH inside the R--Fe--B based rare-earth sintered magnet body while
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simultaneously supplying the heavy rare-earth element RH from the bulk body
onto the surface of the R--Fe--B based rare-earth sintered magnet body
[composition of matter] .

Filed: Oct | 8,183,732 Assignee: Radial anisotropic magnet manufacturing method, permanent magnet motor
20, 2011 using radial anisotropic magnet, and iron core-equipped permanent magnet
Panasonic Corporation | motor

Issued:

May 22, (Japan) Abstract

2012 To improve tranquility and controllability of an iron core-equipped permanent
magnet motor with an improved maximum energy product (BH).sub.max by

Expires: improving shape compatibility of a radial anisotropic magnet, there is provided

Oct 2031 a radial anisotropic magnet manufacturing method of fixing magnet powder in

a net shape so as to maintain a magnetic anisotropic (C-axis) angle of a magnet
with respect to a tangential line and for performing a deformation with a flow
so as to have a predetermined circular arc shape or a predetermined annular
shape. Particularly, by performing a deformation with a viscous flow or an
extension flow, a deformability of the magnet is improved, and thus shape
compatibility with respect to a thickness is. improved. A C-axis angle .theta.
with respect to a tangential direction is controlled at an arbitrary position and
an arbitrary angle so as to reduce cogging torque without separating a magnetic
pole into segments.

The invention claimed is:

1. An iron core-equipped permanent magnet motor comprising [composition of
matter] an even number of radial anisotropic magnets: wherein the radial
anisotropic magnets maintain a magnetic anisotropic angle of a magnet with
respect to a tangential line by fixing magnet powder in a net shape, and have a
predetermined circular arc shape or a predetermined annular shape by
performing a deformation with a flow; wherein the pre-deformation magnet is
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a resin composite of which a microstructure includes a magnet powder
stationary phase A and a flow phase B, wherein a part of the phase B is
chemically coupled to the phase A so as to fix the stationary phase A group in
a net shape; wherein the magnet is deformed by a shear flow action and an
extension flow action of the phase B; wherein the radial anisotropic magnets
are manufactured by (i) manufacturing a deformed magnet including a
perpendicular anisotropic part .alpha..sub.0 having a magnetic anisotropic
angle of 90 degree with respect to a tangential line, a non-perpendicular
anisotropic part .beta..sub.0 having a magnetic anisotropic angle .theta. in a
range of 0 to 90 degree with respect to the tangential line, and a non-
perpendicular anisotropic part .beta..sub.0 having .theta. in a range of 90 to
180 degree; and (ii) deforming the magnet into an annular shape or a circular
arc shape so as to form a radial anisotropic part .alpha..sub.1 corresponding to
the perpendicular anisotropic part .alpha..sub.0, a curved surface .beta..sub.1
corresponding to the non-perpendicular anisotropic part .beta..sub.0, and a
curved surface .beta.".sub.1 corresponding to the non-perpendicular anisotropic
part .beta.".sub.0; and wherein in the post-deformation radial anisotropic part
.alpha..sub.1 corresponding to the pre-deformation perpendicular anisotropic
part .alpha..sub.0, the post-deformation curved surface .beta..sub.1
corresponding to the pre-deformation non-perpendicular anisotropic part
.beta..sub.0, and the post-deformation curved surface .beta.".sub.1
corresponding to the pre-deformation non-perpendicular anisotropic part
.beta.".sub.0, the magnetic anisotropic angles with respect to the tangential line
are the same before and after the deformation.

Filed: 8,182,619 Assignee: R-F e-B rare-earth sintered magnet and process for producing the same
July 5,
2011 Hitachi Metals, Ltd. Abstract

First, an R--Fe--B based rare-earth sintered magnet body including, as a main
Issued: (Japan) phase, crystal grains of an R.sub.2Fe.sub.14B type compound that includes a
May 22, light rare-earth element RL, which is at least one of Nd and Pr, as a major rare-
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2012 earth element R is provided. Next, an M layer, including a metallic element M
that is at least one element selected from the group consisting of Al, Ga, In, Sn,

Expires: Pb, Bi, Zn and Ag, is deposited on the surface of the sintered magnet body and

July 2031 then an RH layer, including a heavy rare-earth element RH that is at least one

element selected from the group consisting of Dy, Ho and Tb, is deposited on
the M layer. Thereafter, the sintered magnet body is heated, thereby diffusing
the metallic element M and the heavy rare-earth element RH from the surface
of the magnet body deeper inside the magnet.

What is claimed is:

1. An R--Fe--B based rare-earth sintered magnet comprising

[composition of matter] , as a main phase, crystal grains of an
R.sub.2Fe.sub.14B type compound that includes a light rare-earth element RL,
which is at least one of Nd and Pr, as a major rare-earth element R, wherein the
magnet further includes a metallic element M and a heavy rare-earth element
RH, both of which have been introduced from a surface of the magnet by grain
boundary diffusion into an interior of the magnet, the metallic element M being
at least one element that is selected from the group consisting of Al, Ga, In, Sn,
Pb, Bi, Zn and Ag, the heavy rare-earth element RH being at least one element
that is selected from the group consisting of Dy, Ho and Th, wherein the heavy
rare-earth element RH is diffused to a depth of about 0.5 mm or more as
measured from a surface of the magnet, and wherein each crystal grain of the
R.sub.2Fe.sub.14B type compound has an outer periphery layer in which the
heavy rare-earth element RH is more concentrated than in the interior of the
crystal grain. ....

Filed: 8,182,618 Assignee: Rare earth sintered magnet and method for producing same
November
30, 2006 Hitachi Metals, Ltd. Abstract

A sintered rare-earth magnet includes an Nd.sub.2Fe.sub.14B type crystalline
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Issued: (Tokyo, JAPAN) phase as its main phase and Al as an additive. The magnet includes at least one
May 22, light rare-earth element LR selected from the group consisting of yttrium and
2012 the rare-earth elements other than Dy, Ho and Tb, and at least one heavy rare-

earth element HR selected from the group consisting of Dy, Ho and Tb. The
Expires: mole fractions .alpha.1, .alpha.2 and .beta. of the light and heavy rare-earth
Nov. 2026 elements LR and HR and Al satisfy the inequalities

25.Itoreq..alpha.1+.alpha.2.1toreq.40 mass %, 0<.alpha.2.Itoreg.40 mass %,
.beta.>0.20 mass %, and 0.04.ltoreq..beta./.alpha.2.Itoreq.0.12.

The invention claimed is:

1. A sintered rare-earth magnet comprising [composition of matter] an
Nd.sub.2Fe.sub.14B type crystalline phase as its main phase and Al as an
additive; wherein the rare-earth magnet includes at least one light rare-earth
element LR selected from the group consisting of yttrium and the rare-earth
elements other than Dy, Ho and Thb, and at least one heavy rare-earth element
HR selected from the group consisting of Dy, Ho and Tb; and .alpha.1, .alpha.2
and .beta. of the light and heavy rare-earth elements LR and HR and Al satisfy
the inequalities 25.1toreq..alpha.1+.alpha.2.ltoreq.40 mass %,
4.0.ltoreq..alpha.2.Itoreq.40 mass %, .beta..gtoreq.0.35 mass %, and
0.04.1toreq..beta./.alpha.2.1toreq.0.12; and the rare-earth magnet further
includes 0.01 to 0.2 mass % of at least one additive element M that is selected
from the group consisting of Si, Ti, V, Cr, Mn, Ni, Cu, Zn, Ga, Zr, Nb, Mo,
Ag, In, Sn, Hf, Ta, W, Pb and Bi.

2. The sintered rare-earth magnet of claim 1, wherein the magnet is made of a
sintered powder of a rapidly solidified alloy that has been obtained by a strip
casting process.

3. A method for producing [process/method] a sintered rare-earth magnet, the
method comprising the steps of: providing a rapidly solidified alloy that

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 6-28-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table

U.S. Rare Earth Magnet Patents Table © 6-28-2016 page 150
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

includes at least one light rare-earth element LR, at least one heavy rare-earth
element HR and Al as an additive, the at least one light rare-earth element LR
being selected from the group consisting of yttrium and the rare-earth elements
other than Dy, Ho and Tb, the at least one heavy rare-earth element HR being
selected from the group consisting of Dy, Ho and Tb, .alpha.1, .alpha.2 and
.beta. of the light and heavy rare-earth elements LR and HR and Al satisfying
the inequalities 25.1toreq..alpha.1+.alpha.2.ltoreq.40 mass %,
4.0.ltoreq..alpha.2.Itoreq.40 mass %, .beta..gtoreq.0.35 mass %, and O
04.ltoreq..beta./.alpha.2.1toreq.0.12; pulverizing the rapidly solidified alloy to
make a powder; compacting the powder under a magnetic field to make a
compact; and sintering the compact, thereby obtaining a sintered rare-earth
magnet including an Nd.sub.2Fe.sub.14B type crystalline phase as its main
phase; wherein the rapidly solidified alloy includes 0.01 to 0.2 mass % of at
least one additive element M that is selected from the group consisting of Si,
Ti, V, Cr, Mn, Ni, Cu, Zn, Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W, Pb and Bi.

Filed: 8,177,922 Assignee: R-Fe-B anisotropic sintered magnet
Sept 2,
2008 Hitachi Metals, Ltd. Abstract
An R--Fe--B based anisotropic sintered magnet according to the present
Issued: (Tokyo, JAPAN) invention has, as a main phase, an R.sub.2Fe.sub.14B type compound that
May 15, includes a light rare-earth element RL (which is at least one of Nd and Pr) as a
2012 major rare-earth element R, and also has a heavy rare-earth element RH (which
is at least one element selected from the group consisting of Dy and Tb). In the
Expires: crystal lattice of the main phase, the c-axis is oriented in a predetermined
Sept. 2028 direction. The magnet includes a portion in which at least two peaks of

diffraction are observed within a 2.theta. range of 60.5 degrees to 61.5 degrees
when an X-ray diffraction measurement is carried out using a CuK .alpha. ray
on a plane that is located at a depth of 500 .mu.m or less under a pole face of
the magnet and that is parallel to the pole face.

The invention claimed is:
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1. An R--Fe--B based anisotropic sintered magnet (where R is at least one of
the rare-earth elements that include Y) comprising, [composition of matter] as
a main phase, an R.sub.2Fe.sub.14B type compound that includes a light rare-
earth element RL (which is at least one of Nd and Pr) as a major rare-earth
element R, and also comprising a heavy rare-earth element RH (which is at
least one element selected from the group consisting of Dy and Tb), wherein
the magnet includes a portion in which at least two peaks of diffraction are
observed within a 2.theta. range of 60.5 degrees to 61.5 degrees when an X-ray
diffraction measurement is carried out using a CuK.alpha. ray on a plane that is
located at a depth of 500 .mu.m or less under a pole face of the magnet and that
is parallel to the pole face.

Filed: 8,177,921 Assignee: R-Fe-B rare earth sintered magnet
July 25,
2008 Hitachi Metals, Ltd. Abstract
An R--Fe--B based rare-earth sintered magnet according to the present
Issued: (Tokyo, JAPAN) invention includes, as a main phase, crystal grains of an R.sub.2Fe.sub.14B
May 15, type compound that includes Nd, which is a light rare-earth element, as a major
2012 rare-earth element R. The magnet includes a heavy rare-earth element RH
(which is at least one of Dy and Tb) that has been introduced through the
Expires: surface of the sintered magnet by diffusion. The magnet has a region in which
July 2028 the concentration of the heavy rare-earth element RH in a grain boundary R-

rich phase is lower than at the surface of the crystal grains of the
R.sub.2Fe.sub.14B type compound but higher than at the core of the crystal
grains of the R.sub.2Fe.sub.14B type compound.

The invention claimed is:

1. An R--Fe--B based rare-earth sintered magnet comprising, [composition of
matter] as a main phase, crystal grains of an R.sub.2Fe.sub.14B type
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compound that includes Nd, which is a light rare-earth element, as a major
rare-earth element R, wherein the magnet includes a heavy rare-earth element
RH (which is at least one of Dy and Tb) that has been introduced through the
surface of the sintered magnet by diffusion, and wherein the magnet has a
region in which the concentration of the heavy rare-earth element RH in a
grain boundary R-rich phase is lower than at the surface of the crystal grains of
the R.sub.2Fe.sub.14B type compound but higher than at the core of the crystal
grains of the R.sub.2Fe.sub.14B type compound.

Filed: 8,157,927 Assignee: Raw material alloy for R-T-B system sintered magnet, R-T-B system sintered
December magnet and production method thereof
23, 2009 DK Corporation
Abstract
Issued: (Tokyo, JAPAN) It is an object of the present invention to obtain a highly coercive R-T-B
April 17, system sintered magnet by making the crystal microstructure of a raw material
2012 alloy prepared by strip casting more uniform, thereby making the crushed
powder obtained from such raw material alloy more fine and making the size
Expires: distribution more narrow. The present invention provides a raw material alloy
Dec 2029 for an R-T-B system sintered magnet containing grains of an R.sub.2T.sub.14B

compound, wherein a P and/or S content is between 100 and 950 ppm. This
raw material alloy preferably has a composition comprising 25 to 35% by
weight of R, 0.5 to 4% by weight of B, 0.02 to 0.6% of one or both of Al and
Cu, 5% by weight or less of Co, and the balance of Fe.

What is claimed is:

1. A method [process/method] for producing an R-T-B sintered magnet,
comprising a sintered body having grains comprising an R.sub.2T.sub.14B
compound as a main phase, and comprising steps of: strip casting a raw
material metal to prepare a raw material alloy having a total of P and S content
between 100 and 950 ppm; milling the raw material alloy into a powder having
a prescribed particle size; compacting the powder in a magnetic field to
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fabricate a compacted body; and sintering the compacted body to obtain the
sintered body having a total of P and S content between 10 and 220 ppm,
wherein R represents one or more elements selected from rare earth elements,
and T represents one or more elements selected from transition metal elements
and comprises Fe, or Fe and Co.

Filed: Dec | 8,157,926 Assignee: Permanent magnet and method of manufacturing same
19, 2007

Ulvac, Inc. Abstract
Issued: There is provided a method of manufacturing a permanent magnet in which Dy
April 17, (Kanagawa, JAPAN) and/or Tb adhered to the surface of a sintered magnet containing a lubricant
2012 can be efficiently diffused and in which the permanent magnet having high

magnetic properties can be manufactured at good productivity. The permanent

Expires: magnet is manufactured by executing a first step of adhering at least one of Dy
Dec 2027 and Tb to at least a part of a surface of a sintered magnet made by sintering

iron-boron-rare earth based alloy raw meal powder containing a lubricant; and
a second step of heat-treating the sintered magnet at a predetermined
temperature to thereby disperse at least one of Dy and Tb adhered to the
surface of the sintered magnet into grain boundary phase of the sintered
magnet. At this time, as the sintered magnet, there is used one manufactured in
an average grain size within a range of 4 .mu.m.about.8 .mu.m.

What is claimed is:

1. A method of manufacturing [process/method] a permanent magnet
comprising; a first step of adhering at least one of Dy and Tb to at least a part
of a surface of a sintered magnet made by sintering iron-boron-rare earth based
alloy raw metal powder containing a lubricant; a second step of heat-treating
the sintered magnet at a first predetermined temperature to thereby disperse the
at least one of Dy and Tb adhered to the surface of the sintered magnet into
grain boundary phase of the sintered magnet; wherein the sintered magnet
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employed is manufactured to have an average grain size within a range of 4
.mu.m.about.8 .mu.m.

Filed: June | 8,152,936 Assignee: Rare earth magnet
27,2008
TDK Corporation Abstract

Issued: There is provided a rare earth magnet with excellent Br and HcJ values. The

April 10, (Tokyo, JAPAN) rare earth magnet according to a preferred embodiment of the invention is

2012 characterized by being composed mainly of R (where R is at least one element
selected from among rare earth elements including Y), B, Al, Cu, Zr, Co, O, C

Expires: and Fe, wherein the content of each element is R: 25-34 wt %, B: 0.85-0.98 wt

June 2028 %, Al: 0.03-0.3 wt %, Cu: 0.01-0.15 wt %, Zr: 0.03-0.25 wt %, Co: .Itoreq.3 wt
% (but not 0 wt %), O: .Itoreq.0.2 wt %, C: 0.03-0.15 wt % and Fe: remainder.
The invention claimed is:
1. A rare earth (magnet?) [composition of matter] including a main phase
magnet characterized by being composed mainly of R (where R is at least one
element selected from among rare earth elements including Y, and R includes
Nd and Dy as an essential element), B, Al, Cu, Zr, Co, O, C and Fe, wherein
the content of each element is as follows: R: 25-34 wt % (where Dy content is
0.1-8 wt %) B: 0.85-0.98 wt % Al: 0.03-0.3 wt % Cu: 0.03-0.11 wt % Zr: 0.03-
0.25 wt % Co: .Itoreq.3 wt % (but not 0 wt %) O: 0.03-0.1 wt % C: 0.03-0.15
wt % Fe: remainder.

Filed: 8,142,573 Assignee: R-T-B sintered magnet and method for producing the same

April 11,

2008 Hitachi Metals, Ltd. Abstract

Issued: An R-T-B based sintered magnet includes both a light rare-earth element

March 27, (Tokyo, JAPAN) R.sub.L (which is at least one of Nd and Pr) and a heavy rare-earth element

2012 R.sub.H (which is at least one of Dy and Tb) and Nd.sub.2Fe.sub.14B type

(\CMI
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crystals as a main phase. The magnet has a first region, which includes either
Expires: the heavy rare-earth element R.sub.H in a relatively low concentration or no
April 2028 heavy rare-earth elements R.sub.H at all, and a second region, which includes
the heavy rare-earth element R.sub.H in a relatively high concentration. The
first and second regions are combined together by going through a sintering
process.

The invention claimed is:

1. An R-T-B based sintered magnet comprising [composition of matter] : a
light rare-earth element R.sub.L, which is at least one of Nd and Pr, a heavy
rare-earth element R.sub.H, which is at least one of Dy and Th, and
Nd.sub.2Fe.sub.14B type crystals as a main phase; wherein a first region,
which includes the heavy rare-earth element R.sub.H in a first concentration of
zero or more heavy rare-earth elements R.sub.H, and a second region, which
includes the heavy rare-earth element R.sub.H in a second concentration that is
higher than the first concentration, are stacked in layers such that the layers
extend across an entire length or width of the R-T-B based sintered magnet;
and the first and second regions are sintered and combined together. ....

10. A method for producing [process/method]an R-T-B based sintered magnet
including both a light rare-earth element R.sub.L, which is at least one of Nd
and Pr, and a heavy rare-earth element R.sub.H, which is at least one of Dy and
Th, and Nd.sub.2Fe.sub.14B type crystals as a main phase, the method
comprising the steps of: providing a first material alloy powder, which
includes either the heavy rare-earth element R.sub.H in a relatively low
concentration or no heavy rare-earth elements R.sub.H at all, and a second
material alloy powder, which includes the heavy rare-earth element R.sub.H in
a relatively high concentration; forming a composite compact including a first
compact portion made of the first material alloy powder that extends across an
entire length or width of the composite compact and a second compact portion
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made of the second material alloy powder that extends across the entire length
or width of the composite compact; and sintering the composite compact,
thereby making a sintered magnet in which the first and second compact
portions have been combined together.

Filed: 8,128,760 Assignee: Permanent magnet and method of manufacturing same
Dec 19,
2007 Ulvac, Inc. Abstract
By eliminating the necessity of a prior step for cleaning a sintered magnet
Issued: (Kanagawa, JAPAN) before adhering Dy and/or Tb to the surface of the sintered magnet S, the
March 6, productivity of a permanent magnet having diffused Dy and/or Tb into grain
2012 boundary phase is improved. Iron-boron-rare earth based sintered magnet (S)
disposed in a processing chamber (20) is heated to a predetermined
Expires: temperature. An evaporating material (V) which is made of a hydride
Dec 2027 containing at least one of Dy and Tb is disposed in the same or in another

processing chamber and is evaporated to cause the evaporated evaporating
material to the surface of the sintered magnet. Metal atoms of Dy and/or Tb are
diffused into grain boundary phase of the sintered magnet.

What is claimed is:

1. A method of manufacturing [process/method] a permanent magnet
comprising: heating an iron-boron-rare earth based sintered magnet disposed in
a processing chamber to a first predetermined temperature which is from
800.degree. C. to 1050.degree. C.; evaporating an evaporating material
disposed in the processing chamber or another processing chamber, the
evaporating material comprising a hydride containing at least one of Dy and
Th; causing the evaporated evaporating material to be adhered to a surface of
the sintered magnet; and diffusing metal atoms of the at least one of Dy and Th
of the adhered evaporating material into a grain boundary phase of the sintered
magnet, before a thin film made of the evaporated material is formed on the
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surface of the sintered magnet, wherein the evaporating and the diffusing are
executed substantially simultaneously.

Filed: Dec | 8,128,759 Assignee: Permanent magnet and method of manufacturing same
19, 2007
Ulvac, Inc. Abstract

Issued: By causing at least one of Dy and Tb to be adhered to the surface of an iron-
March 6, (Kanagawa, JAPAN) boron-rare earth based sintered magnet of a predetermined shape, and is then to
2012 be diffused into grain boundary phase, a permanent magnet can be

manufactured at high workability and low cost. An iron-boron-rare earth based
Expires: sintered magnet is disposed in a processing chamber and is heated to a
Dec 2027 predetermined temperature. Also, an evaporating material made up of a

fluoride containing at least one of Dy and Th disposed in the same or another
processing chamber is evaporated, and the evaporated evaporating material is
caused to be adhered to the surface of the sintered magnet. The Dy and/or Th
metal atoms of the adhered evaporating material are diffused into the grain
particle phase of the sintered magnet before a thin film made of the evaporated
material is formed on the surface of the sintered magnet.

What is claimed is:

1. A method of manufacturing [process/method] a permanent magnet,
comprising: heating to a predetermined temperature an iron-boron-rare earth
based sintered magnet disposed in a processing chamber; evaporating an
evaporating material comprising a fluoride including at least one of Dy and Tb,
disposed in the processing chamber or another processing chamber; adhering,
through a vapor atmosphere, the evaporated evaporating material to a surface
of the sintered magnet; and diffusing metal atoms of the at least one of Dy and
Tb of the adhered evaporating material into a grain boundary phase of the
sintered magnet.
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2. The method of manufacturing a permanent magnet according to claim 1,
wherein the evaporating material further comprises a fluoride including at least
one of Nd and Pr.

3. The method of manufacturing a permanent magnet according to claim 1,
wherein the evaporating material further comprises [composition of matter] at
least one material of the group consisting of Al, Ag, B, Ba, Be, C, Ca, Ce, Co,
Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Ho, In, K, La, Li, Lu, Mg, Mn,
Mo, Na, Nb, Nd, Ni, P, Pd, Pr, Ru, S, Sb, Si, Sm, Sn, Sr, Ta, Th, Tm, Ti, V, W,
Y, Yb, Zn, and Zr.

Filed: Oct | 8,128,758 Assignee: R-Fe-B microcrystalline high-density magnet and process for production
21,2008 thereof
Hitachi Metals, Ltd.

Issued: Abstract
March 6, (Tokyo, JAPAN) An R--Fe--B based rare-earth alloy powder with a mean particle size of less
2012 than about 20 .mu.m is provided and compacted to make a powder compact.

Next, the powder compact is subjected to a heat treatment at a temperature of
Expires: about 550.degree. C. to less than about 1,000.degree. C. within hydrogen gas,
Oct 2028 thereby producing hydrogenation and disproportionation reactions (HD

processes). Then, the powder compact is subjected to another heat treatment at
a temperature of about 550.degree. C. to less than about 1,000.degree. C.
within either a vacuum or an inert atmosphere, thereby producing desorption
and recombination reactions and obtaining a porous material including fine
crystal grains, of which the density is about 60% to about 90% of their true
density and which have an average crystal grain size of about 0.01 .mu.m to
about 2 .mu.m (DR processes). Thereafter, the porous material is subjected to
yet another heat treatment at a temperature of about 750.degree. C. to less than
about 1,000.degree. C. within either the vacuum or the inert atmosphere,
thereby further increasing its density to about 93% or more of their true density
and making an R--Fe--B based microcrystalline high-density magnet.
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What is claimed is:

1. A method for producing [process/method] an R--Fe--B based
microcrystalline high-density magnet, the method comprising the steps of: (A)
providing an R--Fe--B based rare-earth alloy powder, where R is at least one
element selected from the group consisting of the rare-earth elements including
Y and Sc, with a mean particle size of less than about 20 .mu.m; (B)
compacting the R--Fe--B based rare-earth alloy powder to make a powder
compact; (C) subjecting the powder compact to a heat treatment at a
temperature of about 550.degree. C. to less than 900.degree. C. within
hydrogen gas, thereby producing hydrogenation and disproportionation
reactions; (D) subjecting the powder compact to another heat treatment at a
temperature of about 550.degree. C. to less than 900.degree. C. within either a
vacuum or an inert atmosphere, thereby producing desorption and
recombination reactions and obtaining a porous material including fine crystal
grains, of which a density is about 50% to about 90% of a true density thereof
and which have an average crystal grain size of about 0.01 .mu.m to about 2
.mu.m; and (E) subjecting the porous material to yet another heat treatment at a
temperature of about 750.degree. C. to less than 900.degree. C. within either
the vacuum or the inert atmosphere so that rare-earth-rich phases with areas of
1 .mu.m.sup.2 to 10 .mu.m.sup.2 are formed at a number density of at least
1.6.times.10.sup.4 phases per square millimeter on a cross section that passes
through a center portion of the R--Fe--B based microcrystalline high-density
magnet, thereby further increasing the density thereof to about 93% or more of
the true density thereof without performing any hot pressing process.

Filed: 8,123,832 Assignee: R-T-B system sintered magnet
March 8,
2006 TDK Corporation Abstract

An R-T-B system sintered magnet is provided which achieves both a high
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Issued: Feb (Tokyo, JAPAN) residual magnetic flux density and a high coercive force. The R-T-B system
28, 2012 sintered magnet comprises main-phase grains 1 each having a core-shell

structure comprising an inner shell part 2 and an outer shell part 3 surrounding
Expires: the inner shell part 2, wherein the concentration of the heavy rare earth element
March in the inner shell part 2 is lower by 10% or more than the concentration of the
2026 heavy rare earth element in the periphery of the outer shell part 3, and

(L/r).sub.ave falls within a range from 0.03 to 0.40 in the main-phase grains 1
each comprising the inner shell part 2 and the outer shell part 3, wherein L
represents the shortest distance from the periphery of the main phase grain 1 to
the inner shell part 2, r represents the equivalent diameter of the main phase
grain 1, and (L/r).sub.ave represents the average value of L/r for the main-
phase grains 1 present in the sintered body and having the core-shell structure

The invention claimed is:

1. An R-T-B system sintered magnet comprising [composition of matter] a
sintered body comprising, as a main phase of the sintered body, grains mainly
comprising an R.sub.2T.sub.14B compound and comprising at least one of Dy
and Tb as a heavy rare earth element and at least one of Nd and Pr as a light
rare earth element, the R-T-B system sintered magnet being characterized in
that: the sintered body has a composition comprising R: 25 to 37 wt %, B: 0.5
to 2.0 wt %, Co: 3.0 wt % or less, Al: 0.03 to 0.30 wt %, Cu: 0.01 to 0.15 wt
%, and the balance: Fe and inevitable impurities, wherein R represents the
heavy rare earth elements in an amount of 0.1 to 10 wt %; the sintered body
comprises the grains each having a core-shell structure consisting of a single
inner shell part and a single outer shell part surrounding the inner shell part;
the concentration of the heavy rare earth element in the inner shell part is 20 to
95% of the concentration of the heavy rare earth element in the periphery of
the outer shell part; in the grains each comprising the inner shell part and the
outer shell part, (L/r).sub.ave falls within a range from 0.10 to 0.25; and in a
section thereof, the proportion of the number of the grains each having the
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core-shell structure to the total number of the grains forming the sintered body
is 20% or more; wherein: R represents one or more rare earth elements
inclusive of Y; T represents one or more transition metal elements wherein Fe
or Fe and Co are essential; L represents the shortest distance from the
periphery of the grain to the inner shell part; r represents the equivalent
diameter of the grain; and (L/r).sub.ave represents the average value of L/r for
the grains, present in the sintered body, having the core-shell structure.

Filed: 8,119,260 Assignee: Rare-earth magnet
July 27,
2005 Hitachi, Ltd. Abstract
In a ferromagnetic material containing at least one kind of rare-earth element, a
Issued: (Tokyo, JAPAN) layer containing at least one kind of alkaline earth element or rare-earth
February element and fluorine is formed at the grain boundary or near the powder
21, 2012 surface of the ferromagnetic material. A further layer containing at least one
kind of rare-earth element, having a fluorine concentration lower than that of
Expires: the layer described first and having a rare-earth element concentration higher
July 2025 than that of the host phase of the ferromagnetic material, or an oxide layer

containing a rare-earth element is formed in adjacent with a portion of the layer
described first.

What is claimed is:

1. A rare-earth sintered magnet comprising [composition of matter] : a host
phase of a NdFeB series ferromagnetic material containing Nd as at least one
kind of rare-earth element, a primary coating being formed on a surface of the
host phase substantially along an outer periphery of the host phase, the primary
coating being constituted by a rare-earth element containing layer having rare-
earth element concentration higher than that of the host phase, and a fluorine-
containing layer containing rare-earth element and fluorine having a fluorine
concentration higher than that of the host phase and containing 10 atom % or
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more of fluorine, the fluorine-containing layer being formed on the primary
coating in a continuous layer, wherein the average thickness of the fluorine-
containing layer is thicker than that of the primary coating, and which is 1 nm

to 10000 nm.
Filed: 8,110,049 Assignee: Alloy containing rare earth element, production method thereof,
February magnetostrictive device, and magnetic refrigerant material
17,2010 Showa Denko K.K.
Abstract
Issued: (Tokyo, JAPAN) An RE-containing alloy, which is represented by a compositional formula of
February 7, R.sub.rT.sub.tA.sub.a (wherein R represents at least one rare earth element
2012 selected from among La, Ce, Pr, Nd, Sm, Eu, Th, Dy, Ho, Tm, Yb, Gd, and
Lu; T collectively represents transition metal elements containing at least Fe
Expires: atoms, a portion of the Fe atoms being optionally substituted by at least one
Feb 2030 species selected from among Co, Ni, Mn, Pt, and Pd; A represents at least one

element selected from among Al, As, Si, Ga, Ge, Mn, Sn, and Sb; and r, t, and
a have the following relationships: 5.0 at. %.ltoreq.r.ltoreq.6.8 at. %, 73.8 at.
%.ltoreq.t.Itoreq.88.7 at. %, and 4.6 at. %.ltoreq.a.ltoreq.19.4 at. %) and having
an alloy microstructure containing an NazZn.sub.13-type crystal structure in an
amount of at least 85 mass % and .alpha.-Fe in an amount of 5-15 mass %
inclusive.

What is claimed is:

1. An RE-containing alloy [composition of matter] , which is represented by a
compositional formula of R.sub.rT.sub.tA.sub.a (wherein R represents at least
one rare earth element selected from among La, Ce, Pr, Nd, Sm, Eu, Tb, Dy,
Ho, Tm, Yb, Gd, and Lu; T collectively represents transition metal elements
containing at least Fe atoms, a portion of the Fe atoms being optionally
substituted by at least one species selected from among Co, Ni, Mn, Pt, and Pd;
A represents at least one element selected from among Al, As, Si, Ga, Ge, Mn,

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 6-28-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=8,110,049&OS=8,110,049&RS=8,110,049

U.S. Rare Earth Magnet Patents Table © 6-28-2016 page 163
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

Sn, and Sb; and r, t, and a have the following relationships: 5.0 at.
%.ltoreq.r.Itoreq.6.8 at. %, 73.8 at. %.ltoreq.t.Itoreq.88.7 at. %, and 4.6 at.
%.ltoreq.a.ltoreq.19.4 at. %) and having an alloy microstructure containing an
NaZn.sub.13-type crystal structure in an amount of at least 85 mass% and
.alpha.-Fe in an amount of 5-15 mass% inclusive.

2. A method for producing [process/method] an RE-containing alloy powder,
comprising pulverizing, by mechanical means, the RE-containing alloy
according to claim 1 to a powder having a mean particle size of 0.1 .mu.m to

1.0 mm. ...
Filed: 8,105,466 Assignee: Biased pulse DC reactive sputtering of oxide films
July 27,
2005 SpringWorks, LLC Abstract
A biased pulse DC reactor for sputtering of oxide films is presented. The
Issued: (Minnetonka, MN, biased pulse DC reactor couples pulsed DC at a particular frequency to the
January 31, USA) target through a filter which filters out the effects of a bias power applied to the
2012 substrate, protecting the pulsed DC power supply. Films deposited utilizing the
reactor have controllable material properties such as the index of refraction.
Expires: Optical components such as waveguide amplifiers and multiplexers can be
July 2025 fabricated using processes performed on a reactor according to the present
invention.
We claim:

1. A method of depositing a film on a substrate [process/method], comprising:
providing a process gas between a target and a substrate; providing an RF bias
at a bias frequency to the substrate; providing pulsed DC power to the target so
that a target voltage alternates between positive and negative voltages; and
filtering the pulsed DC power through a narrow band-rejection filter that
rejects power in a narrow band around the bias frequency and passes power at
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frequencies above and below the bias frequency; and wherein a material
related to the target is deposited on the substrate by exposure of the substrate to
the plasma; wherein the RF biased power is a 2 MHz power supply and the
bias frequency is 2 MHz; and further wherein the narrow band is 100 kHz and
the narrow band-rejection filter is a filter that rejects power at 2 MHz and has a
100 kHz bandwidth.

The target can be a metallic target made of a material to be deposited on the
substrate. In some embodiments, the metallic target is formed from Al, Si and
various rare-earth ions. A target with an erbium concentration, for example,
can be utilized to deposit a film that can be formed into a waveguide optical
amplifier.....

9. The method of claim 6 wherein the alloyed target includes one or more
elements taken from a set consisting of Si, Al, Er, Yb, Zn, Ga, Ge, P, As, Sn,
Sbh, Pb, Ag, Au, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Th, Dy Ho, Tm, and Lu.

Filed: 8,105,446 Assignee: Process for producing alloy slab for rare-earth sintered magnet, alloy slab for
April 8, rare-earth sintered magnet and rare-earth sintered magnet
2010 Santoku Corporation
Abstract
Issued: (Hyogo, JAPAN) Disclosed are a method for producing alloy flakes for rare earth sintered
Jan 31, magnets, which makes uniform the intervals, size, orientation, and shape of the
2012 R-rich region and the dendrites of the 2-14-1 phase, and alloy flakes for a rare
earth sintered magnet obtained by the method. A rare earth sintered magnet
Expires: employing the alloy flakes is also disclosed
Ap 2030

What is claimed is:

1. Alloy flakes for a rare earth sintered magnet, said alloy flakes having a
composition consisting of [composition of matter] 27.0 to 33.0 mass % of at
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least one element R selected from the group consisting of rare earth metal
elements including yttrium, 0.94 to 1.30 mass % of boron, and the balance of
at least one element M selected from the group consisting of transition metals,
silicon, carbon, and mixtures thereof, with iron being essential, and an alloy
structure comprising R-rich regions and dendrites of an R.sub.2Fe.sub.14B
phase, wherein an average interval r between said R-rich regions is 1 to 10
.mu.m, and an average size of crystal grains in the alloy structure is larger than
(6r+2.74x-65) .mu.m and not smaller than 40 .mu.m, wherein r stands for an
average interval between said R-rich regions, and x stands for a content of R in

mass %.
Filed: May | 8,105,444 Assignee: Process for producing highly anticorrosive rare earth permanent magnet and
30, 2007 method of using the same

Shin-Etsu Chemical

Issued: Co., Ltd. Abstract
January 31, A process for producing a highly anticorrosive rare earth permanent magnet,
2012 (Tokyo, JAPAN) characterized by sequentially subjecting an R--Fe--B sintered magnet to

surface finishing involving cutting and/or polishing, plating pretreatment,
Expires: nickel electroplating to a given plating thickness, immersion in an aqueous
May 2027 solution containing a phosphoric salt, washing with water and heat treatment at

150.degree. to 400.degree. C. for 1 to 24 hr in an atmosphere of
1.3.times.10.sup.3 Pa or higher oxygen partial pressure so as to form a thin
nickel oxide layer at the surface layer portion.

The invention claimed is:

1. A method for preparing [process/method] a highly corrosion resistant rare
earth permanent magnet, comprising the sequential steps of: casting an alloy,
said alloy containing R which is a rare earth element or a combination of two
or more rare earth elements, T which is Fe or Fe and Co, and B as main
components, and specifically consisting essentially of 26.8 to 33.5% by weight

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 6-28-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=8,105,444&OS=8,105,444&RS=8,105,444

U.S. Rare Earth Magnet Patents Table © 6-28-2016 page 166
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

of R, 0.78 to 1.25% by weight of B, 0.05 to 3.5% by weight in total of at least
one element selected from the group consisting of Ni, Ga, Zr, Nb, Hf, Ta, Mn,
Sn, Mo, Zn, Pb, Sh, Al, Si, V, Cr, Ti, Cu, Ca, and Mg, and the balance of T
and incidental impurities; pulverizing the alloy in an oxygen-free atmosphere
of argon, nitrogen or vacuum; finely pulverizing, compacting in a magnetic
field, sintering, and aging the finely pulverized, compacted and sintered alloy,
thereby producing a sintered magnet, the magnet having an oxygen
concentration of up to 0.6% by weight and magnetic properties, Br of 12.0 kG
to 14.8 kG and iHc of 11 kOe to 35 kOe; machining and/or grinding the
magnet for surface finishing; pretreating the magnet, which is machined and/or
ground, with mineral acid, nickel electroplating the magnet, which is
pretreated, to form a plating of a predetermined thickness; immersing the
magnet, which is nickel electroplated, in a phosphate-containing aqueous
solution, washing with water; and further heat treating the magnet in an
atmosphere having an oxygen partial pressure of at least 1.3.times.10.sup.3 Pa
(10 Torr) at 150 to 400.degree. C. for 1 to 24 hours for thereby forming a thin
nickel oxide layer in a surface region of the plating.

Filed: 8,105,443 Assignee: Non-ageing permanent magnet from an alloy powder and method for the
April 25, production thereof
2007 Vacuumschmelze

GmbH & Co. Abstract
Issued: A method for the production of pressed permanent magnets comprises the
January 31, (Hanau, GERMANY) | following steps: A mixture of at least one magnetic powder and a
2012 thermosetting binder is provided and pressed to produce a moulded body. In

order to obtain a permanent and particularly reliable protection against

Expires: oxidation and corrosion, the moulded body is impregnated with an acid and
April 2027 solvent mixture in an impregnating bath before the cure of the thermosetting

binder, whereby the entire surface of the permanent magnet is coated with a
reaction layer.
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The invention claimed is:

1. A method for the production of a permanent magnet [process/method] ,
comprising: providing a mixture of at least one magnetic powder and a
thermosetting binder; pressing the mixture to produce a porous moulded body;
impregnating the porous moulded body in an impregnating bath with a solution
containing an acid to produce an impregnated moulded body; curing the
thermosetting binder to produce a cured impregnated moulded body permanent
magnet after said impregnating....

8. The method according to claim 7, wherein the magnetic powder comprises
an alloy powder of neodymium, iron and boron containing the hard magnetic
phase Nd.sub.2Fe.sub.14B.

Filed: June | 8,092,619 Assignee: R-T-Cu-Mn-B type sintered magnet
11, 2009
Hitachi Metals, Ltd. Abstract

Issued: Jan An R-T-Cu--Mn--B based sintered magnet includes: 12.0 at % to 15.0 at % of
10, 2012 (Tokyo, JAPAN) R, which is at least one of the rare-earth elements that include Y and of which

at least 50 at % is Pr and/or Nd; 5.5 at % to 6.5 at % of B; 0.08 at % to 0.35 at
Expires: % of Cu; 0.04 at % to less than 0.2 at % of Mn; at most 2 at % (including O at
June 2029 %) of M, which is one, two, or more elements that are selected from the group

consisting of Al, Ti, V, Cr, Ni, Zn, Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W, Au,
Pb and Bi; and T as the balance, which is either Fe alone or Fe and Co and of
which at most 20 at % is Co if T includes both Fe and Co.

The invention claimed is:
1. An R-T-Cu--Mn--B based sintered magnet comprising [composition of

matter] : 12.0 at % to 15.0 at % of R, which is at least one of the rare-earth
elements that include Y and of which at least 50 at % is Pr and/or Nd; 5.5 at %
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to 6.5 at % of B; 0.08 at % to 0.35 at % of Cu; 0.04 at % to less than 0.15 at %
of Mn; at most 2 at % (including 0 at %) of M, which is one, two, or more
elements that are selected from the group consisting of Al, Ti, V, Cr, Ni, Zn,
Ga, Zr, Nb, Mo, Ag, In, Sn, Hf, Ta, W, Au, Pb and Bi; and T as the balance,
which is either Fe alone or Fe and Co and of which at most 20 at % is Co if T
includes both Fe and Co.

Filed: 8,092,615 Assignee: Composition for producing soft magnetic composites by powder metallurgy
January 22,
2009 Hoganas AB Abstract
The invention concerns powder compositions consisting of electrically
Issued: (Hoganas, SWEDEN) | insulated particles of a soft magnetic material of an iron or iron-based powder
January 10, and 0.1-2% by weight of a lubricant selected from the group consisting of fatty
2012 acid amides having 14-22 C atoms. Optionally a thermoplastic binder such as
polyphenylene sulphide may be included in the composition. The invention
Expires: also concerns a method for the preparation of soft magnetic composite
Jan 2029 components.

The invention claimed is:

1. A method for making soft magnetic components comprising the steps of
[process/method]: (a) mixing a soft magnetic substantially pure water-
atomized iron or sponge iron powder, wherein the particles are surrounded by
an electrically insulating layer, and 0.05-2% by weight of a lubricant selected
from the group consisting of primary amides of saturated or unsaturated,
straight fatty acid having 12-24 C atoms, (b) uniaxially compacting the
resulting mixture, and (c) optionally subjecting the obtained component to heat
treatment.

2. A method according to claim 1 wherein the compaction is performed at an
elevated temperature above ambient temperature. ....
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Filed: Dec | 8,084,128 Assignee: Hitachi, | Rare-earth magnet and manufacturing method thereof and magnet motor

9, 2010 Ltd. (Tokyo, JAPAN)
Abstract

Issued: The object of the present invention is to provide a rare earth magnet which

Dec 27, enables to achieve a good balance between high coercive force and high

2011 residual magnetic flux density, and its manufacturing method. The present
invention provides a rare earth magnet in which a layered grain boundary

Expires: phase is formed on a surface or a portion of a grain boundary of

Dec 2030 Nd.sub.2Fe.sub.14B which is a main phase of an R--Fe--B (R is a rare-earth
element) based magnet, and wherein the grain boundary phase contains a
fluoride compound, and wherein a thickness of the fluoride compound is 10
.mu.m or less, or a thickness of the fluoride compound is from 0.1 .mu.m to 10
.mu.m, and wherein the coverage of the fluoride compound over a main phase
particle is 50% or more on average. Moreover, after layering fluoride
compound powder, which is formed in plate-like shape, in the grain boundary
phase, the rare earth magnet is manufactured by quenching the layered
compound after melting it at a vacuum atmosphere at a predetermined
temperature, or by heating and pressing the main phase and the fluoride
compound to make the fluoride compound into a layered fluoride compound
along the grain boundary phase.

Filed: Feb | 8,075,954 Assignee: Coating method and apparatus, a permanent magnet, and manufacturing

23,2010 method thereof

Ulvac, Inc.

Issued: Abstract

Dec 13, (Kanagawa, JAPAN) The object of the present invention is to improve the productivity of a

2011 permanent magnet and to manufacture it at a low cost by effectively coating
Dy and Tb on a surface of the magnet of Fe--B-rare earth elements having a

Expires: predetermined configuration. The permanent magnet of the present invention is

Feb 2030 manufactured by a coating step for coating Dy on the surface of the magnet of

(\CMI

Critical Materials Institute

AN ENERGY INNOVATION HUB
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Fe--B-rare earth elements having a predetermined configuration and a
diffusing step for diffusing Dy coated on the surface of the magnet into crystal
grain boundary phases of the magnet with being heat treated at a
predetermined temperature. In this case, the coating step comprises a first step
for heating a process chamber used for carrying out the coating step and
generating metallic vapor atmosphere within the process chamber by
vaporizing vaporizable metallic material previously arranged within the
process chamber, and a second step for introducing into the process chamber
the magnet held at a temperature lower than that within the process chamber
and then selectively depositing the vaporizable metallic material on a surface
of the magnet by an effect of temperature difference between the temperature
within the process chamber and that of the magnet by the magnet reaches a
predetermined temperature.

What is claimed is:

1. A method for manufacturing [process/method] a permanent magnet, the
method comprising the steps of: coating a vaporizable metallic material
including at least one of Dy and Tb onto a surface of a magnet of Fe--B-rare
earth elements having a predetermined configuration; and diffusing the
vaporizable metallic material coated onto the surface of the magnet into crystal
grain boundary phases of the magnet by heat treating the vaporizable metallic
material at a first predetermined temperature, wherein the coating step
comprises: a first step for heating a process chamber to the first predetermined
temperature used for carrying out the coating step and generating metallic
vapor atmosphere within the process chamber by vaporizing the vaporizable
metallic material previously arranged within the process chamber; and a
second step for introducing into the process chamber the magnet held at a
second predetermined temperature that is lower than the first predetermined
temperature within the process chamber and selectively depositing the
vaporizable metallic material onto the surface of the magnet by an effect of a
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temperature difference between the first predetermined temperature within the
process chamber and the second predetermined temperature of the magnet until
the magnet heats up and reaches a third predetermined temperature.

Filed: 8,075,707 Assignee: Method for preparing rare earth permanent magnet material
March 28,
2007 Shin-Etsu Chemical Abstract

Co., Ltd. A method for preparing a rare earth permanent magnet material comprises the
Issued: steps of disposing a powder on a surface of a sintered magnet body of
Dec 13, (Tokyo, JAPAN) R.sup.1.sub.aT.sub.bA.sub.cM.sub.d composition wherein R.sup.1 is a rare
2011 earth element inclusive of Sc and Y, T is Fe and/or Co, A is boron (B) and/or

carbon (C), M is Al, Cu, Zn, In, Si, P, S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb,

Expires: Mo, Pd, Ag, Cd, Sn, Sb, Hf, Ta, or W, said powder comprising an oxide of
March R.sup.2, a fluoride of R.sup.3 or an oxyfluoride of R.sup.4 wherein R.sup.2,
2027 R.sup.3, and R.sup.4 are rare earth elements inclusive of Sc and Y and having

an average particle size equal to or less than 100 .mu.m, heat treating the
magnet body and the powder at a temperature equal to or below the sintering
temperature of the magnet body for absorption treatment for causing R.sup.2,
R.sup.3, and R.sup.4 in the powder to be absorbed in the magnet body, and
repeating the absorption treatment at least two times. According to the
invention, a rare earth permanent magnet material can be prepared as an R--Fe-
-B sintered magnet with high performance and a minimized amount of Tb or
Dy used.

The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet
material, comprising a disposing step of disposing a powder on a surface of a
sintered magnet body of R.sup.1.sub.aT.sub.bA.sub.cM.sub.d composition
wherein R.sup.1 is at least one element selected from rare earth elements
inclusive of Sc and Y, T is Fe and/or Co, A is boron (B) and/or carbon (C), M
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is at least one element selected from the group consisting of Al, Cu, Zn, In, Si,
P, S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb, Mo, Pd, Ag, Cd, Sn, Sb, Hf, Ta, and
W, and a to d indicative of atom percent based on the alloy are in the range:
10.1toreq.a.ltoreq.15, 3.1toreq.c.ltoreq.15, 0.01.1toreq.d.ltoreq.11, and the
balance of b, said powder comprising at least one compound selected from
among an oxide of R.sup.2, a fluoride of R.sup.3, and an oxyfluoride of
R.sup.4 wherein each of R.sup.2, R.sup.3, and R.sup.4 is at least one element
selected from rare earth elements inclusive of Sc and Y and having an average
particle size equal to or less than 100 .mu.m, and then a heat treating step of
heat treating the sintered magnet body and the powder at a temperature equal
to or below the sintering temperature of the magnet body in vacuum or in an
inert gas for absorption treatment for causing at least one of R.sup.2, R.sup.3,
and R.sup.4 in said powder to be absorbed in said magnet body, a cooling step
of cooling the magnet body after the heat treating step; followed by repeating
the disposing step, the heat treating step and the cooling step, in the recited
order, at least two times.

Filed: 8,069,552 Assignee: Method of manufacturing rotor magnet for micro rotary electric machine
August 13,
2009 Minebea Co., Ltd. Abstract
A method of manufacturing a rotor magnet for a micro rotary electric machine
Issued: (Kitasaku-Gun, is provided which includes steps of: a process in which a plurality of thick
December JAPAN) films, each of which is made of nanocomposite texture composed of .alpha.Fe
6, 2011 and R-TM-B where R is either 10 to 20 atomic % Nd or 10 to 20 atomic % Pr,
B is 5 to 20 atomic % and TM is either Fe or partly Co-substituted Fe with 0 to
Expires: 16 atomic %, are formed into a laminated magnet including isotropic nano-
August crystalline texture which contains .alpha.Fe and R.sub.2TM.sub.14B and
2029 which has a remanence, Mr, of 0.95 T or more; and a process where the

laminated magnet is multi-polar magnetized in-plane of the thick films.

What is claimed is:
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1. A method of manufacturing [process/method] a rotor magnet with at least
two pole-pairs for a cylindrical radial gap micro rotary electric machine, the
method comprising steps of: 1) a process to form a laminated film magnet
comprising isotropic nano-crystalline texture which contains an .alpha.Fe
phase and an R.sub.2TM.sub.14B phase, where R is one of 10 to 20 atomic %
Nd and 10 to 20 atomic % Pr, B is 5 to 20 atomic % and TM is one of Fe and
partly Co-substituted Fe with 0 to 16 atomic %, and which has a remanence,
Mr, of 0.95 T or more, the laminated film magnet being composed of a
predetermined number of a plurality of thick films; 2) a process in which the
laminated film magnet is cylindrically formed; and 3) a process in which the
laminated film magnet is multi-polar magnetized in a radial direction of the

thick films.
Filed: Jan | 8,038,807 Assignee: R-Fe-B rare-earth sintered magnet and process for producing the same
12, 2007

Hitachi Metals, Ltd. Abstract

Issued: First, an R--Fe--B based rare-earth sintered magnet body including, as a main
October (Tokyo, JAPAN) phase, crystal grains of an R.sub.2Fe.sub.14B type compound that includes a
18, 2011 light rare-earth element RL, which is at least one of Nd and Pr, as a major rare-

earth element R is provided. Next, an M layer, including a metallic element M
Expires: that is at least one element selected from the group consisting of Al, Ga, In, Sn,
Jan 2027 Pb, Bi, Zn and Ag, is deposited on the surface of the sintered magnet body and

then an RH layer, including a heavy rare-earth element RH that is at least one
element selected from the group consisting of Dy, Ho and Tb, is deposited on
the M layer. Thereafter, the sintered magnet body is heated, thereby diffusing
the metallic element M and the heavy rare-earth element RH from the surface
of the magnet body deeper inside the magnet.

The invention claimed is:

1. A method for producing [process/method] an R--Fe--B based rare-earth
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sintered magnet, the method comprising the steps of: providing an R--Fe--B
based rare-earth sintered magnet body including [composition of matter] , as a
main phase, crystal grains of an R.sub.2Fe.sub.14B type compound that
includes a light rare-earth element RL, which is at least one of Nd and Pr, as a
major rare-earth element R; depositing an M layer, including a metallic
element M that is at least one element selected from the group consisting of Al,
Ga, In, Sn, Pb, Bi, Zn and Ag, on a surface of the R--Fe--B based rare-earth
sintered magnet body; depositing an RH layer, including a heavy rare-earth
element RH that is at least one element selected from the group consisting of
Dy, Ho and Tb, on the M layer; and heating the R--Fe--B based rare-earth
sintered magnet body, thereby diffusing the metallic element M and the heavy
rare-earth element RH from the surface of the R--Fe--B based rare-earth
sintered magnet body deeper inside the magnet.

Filed: 8,033,314 Assignee: Method for producing sintered magnet
March 27,
2009 TDK Corporation Abstract

A method for producing a sintered magnet [process/method] comprising steps
Issued: (Tokyo, JAPAN) of; wet-pulverizing a magnetic powder under the presence of a surface active
October agent, drying said wet-pulverized magnetic powder 20 for obtaining magnetic
11, 2011 powder to which said surface active agent is adhered, heating and kneading

said dried magnetic powder 20 with binder resin to form pellet, melting said
Expires: pellet and injecting said pellet in a mold to which magnetic field is applied, to
March form a preform body, and firing said preform body.
2029
Filed: 8,025,744 Assignee: Rare earth permanent magnet and its preparation
March 17,
2008 Shin-Etsu Chemical Abstract

Co., Ltd. A rare earth permanent magnet is prepared by disposing a powdered metal

Issued: alloy containing at least 70 vol % of an intermetallic compound phase on a
September (Tokyo, JAPAN) sintered body of R--Fe--B system, and heating the sintered body having the
27,2011 powder disposed on its surface below the sintering temperature of the sintered
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body in vacuum or in an inert gas for diffusion treatment. The advantages

Expires: include efficient productivity, excellent magnetic performance, a minimal or
March zero amount of Tb or Dy used, an increased coercive force, and a minimized
2028 decline of remanence.

The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet,
comprising the steps of: disposing an alloy powder having [composition of
matter] an average particle size of up to 500 .mu.m on a surface of a sintered
body of the composition R.sub.a-T.sup.1.sub.b-B.sub.c wherein R is at least
one element selected from rare earth elements inclusive of Y and Sc, T.sup.1 is
at least one element selected from Fe and Co, B is boron, "a," "b" and "c"
indicative of atomic percent are in the range: 12.1toreq.a.ltoreq.20,
4.0.Itoreg.c.ltoreq.7.0, and the balance of b, said alloy powder having the
composition R.sup.1.sub.i-M.sup.1.sub.j wherein R.sup.1 is at least one
element selected from rare earth elements inclusive of Y and Sc, M.sup.1 is at
least one element selected from the group consisting of Al, Si, C, P, Ti, V, Cr,
Mn, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pb, and Bi, "i"
and "j" indicative of atomic percent are in the range: 15<j.Itoreq.99 and the
balance of i, and containing at least 70% by volume of an intermetallic
compound phase, and heat treating the sintered body having the powder
disposed on its surface at a temperature equal to or below the sintering
temperature of the sintered body in vacuum or in an inert gas, for causing at
least one element of R.sup.1land M.sup.1 in the powder to diffuse to grain
boundaries in the interior of the sintered body and/or near grain boundaries
within sintered body primary phase grains, said disposing step including
grinding an alloy having the composition and R.sup.1.sub.i-M.sup.1.sub.j and
containing at least 70% by volume of an intermetallic compound phase into a
powder having an average particle size of up to 500 .mu.m, dispersing the
powder in an organic solvent or water, applying the resulting slurry to the
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surface of the sintered body, and drying.

Filed: 8,021,567 Assignee: Oxide-type, magnetic material and it's production method, and sintered ferrite
October magnet and it's production method
12, 2010 Hitachi Metals, Ltd.
Abstract
Issued: (Tokyo, JAPAN) A sintered ferrite magnet having an M-type ferrite structure and comprising
September Ca, an R element which is at least one rare earth element indispensably
20, 2011 including La, Ba, Fe and Co as indispensable elements, which is represented
by Ca.sub.1-x-yR.sub.xBa.sub.yFe.sub.2n-zCo.sub.z, wherein (1-x-y), X, Y, Z
Expires: and n are numbers representing the amounts of Ca, the R element, Ba and Co
Oct 2030 and a molar ratio, meeting 0.2.ltoreq.x.ltoreq.0.65, 0.001.Itoreq.y.ltoreq.0.2,

0.03.Itoreq.z.Itoreq.0.65, and 4.Itoreq.n.ltoreq.7.
What is claimed is:

1. An oxide-type, magnetic material [composition of matter] based on ferrite
having a hexagonal structure, comprising Ca, an R element which is at least
one rare earth element indispensably including La, Ba, Sr, Fe and Co as
indispensable elements, the composition ratios of Ca, R, Ba, Sr, Fe and Co
being represented by the following general formula: Ca.sub.1-x-
yR.sub.x(Ba.sub.1-aSr.sub.a).sub.yFe.sub.2n-zCo.sub.z (by atomic ratio),
wherein (1-x-y), X, Y, &, z and n are numbers representing the amounts of Ca,
the R element, Ba, Sr and Co and a molar ratio, respectively, meeting the
following conditions: 0.2.1toreq.x.Itoreq.0.65, 0.001.ltoreq.y.ltoreq.0.2,
0.3.ltoreq.1-x-y.ltoreq.0.6, O<a.ltoreq.0.5, 0.03.ltoreq.z.Itoreq.0.65, and

4 ltoreq.n.ltoreq.7, wherein it contains 0.05 to 0.2% by mass (calculated as
B.sub.20.sub.3) of B.

2. A method for producing [process/method] an oxide-type, magnetic material
based on ferrite having a hexagonal structure and comprising Ca, an R element
which is at least one rare earth element indispensably including La, Ba, Sr, Fe
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and Co as indispensable elements, the composition ratios of Ca, R, Ba, Sr, Fe
and Co being represented by the following general formula: Ca.sub.1-x-
yR.sub.x(Ba.sub.1-aSr.sub.a).sub.yFe.sub.2n-zCo.sub.z (by atomic ratio),
wherein (1-x-y), X, y, &, Z and n are numbers representing the amounts of Ca,
the R element, Ba, Sr and Co and a molar ratio, respectively, meeting the
following conditions: 0.2.1toreq.x.Itoreq.0.65, 0.001.ltoreq.y.ltoreq.0.2,
0.3.Itoreq.1-x-y.ltoreq.0.6, O<a.ltoreq.0.5, 0.03.Itoreq.z.ltoreq.0.65, and

4 ltoreq.n.ltoreq.7, wherein it contains 0.05 to 0.2% by mass (calculated as
B.sub.20.sub.3) of B, said method comprising the steps of mixing a Ca
compound, an R compound, a Ba compound, a Sr compound, an iron
compound and a Co compound, 0.05 to 0.2% by mass of a boron compound
per 100 parts by mass of the resultant mixture is added, and calcining the
resultant mixture.

Filed: 8,012,269 Assignee: Nd-Fe-B rare earth permanent magnet material
Dec 23,
2005 Shin-Etsu Chemical Abstract

Co., Ltd. A rare earth permanent magnet material is based on an R--Fe--Co--B--Al--Cu
Issued: system wherein R is at least one element selected from Nd, Pr, Dy, Tbh, and Ho,
Sept 6, (Tokyo, JAPAN) 15 to 33% by weight of Nd being contained. At least two compounds selected
2011 from M-B, M-B--Cu and M-C compounds (wherein M is Ti, Zr or Hf) and an

R oxide have precipitated within the alloy structure as grains having an

Expires: average grain size of up to 5 .mu.m which are uniformly distributed in the
Dec 2025 alloy structure at intervals of up to 50 .mu.m. The invention claimed is:

1. A rare earth permanent magnet material consists [composition of matter]
essentially of, in % by weight: 27 to 33% of R, wherein R is at least one
element selected from the group consisting of Nd, Pr, Dy, Tb, and Ho,
including 15 to 33% by weight of Nd, 0.1 to 10% of Co, 0.8 to 1.5% of B, 0.05
to 1.0% of Al, 0.02 to 1.0% of Cu, 0.02 to 1.0% of an element selected from
Ti, Zr and Hf, 0.123 to 0.3% of C, 0.04 to 0.4% of O, 0.002 to 0.1% of N, and
the balance of Fe and incidental impurities, wherein (i) at least two compounds
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selected from the group consisting of an M-B based compound, an M-B--Cu
based compound, and an M-C based compound, wherein M is at least one
metal selected from the group consisting of Ti, Zr, and Hf, and (ii) an R oxide
have precipitated within the alloy, and the precipitated compounds have an
average grain size of up to 5 .mu.m and are distributed in the alloy at a
maximum interval of up to 50 .mu.m between adjacent precipitated

compounds.
Filed: 8,002,906 Assignee: Rare earth magnet and production process thereof
June 30,
2009 Daido Tokushuko Abstract
Kabushiki Kaisha The present invention provides a rare earth magnet, which is formed through at
Issued: least hot molding, the rare earth magnet containing grains including an
Aug 23, (Nagoya, JAPAN) R.sub.2X.sub.14B phase as a main phase, and a grain boundary phase
2011 surrounding peripheries of the grains, in which R is at least one element
selected from the group consisting of Nd, Pr, Dy, Tb and Ho, and X is Fe or Fe
Expires: with a part being substituted by Co; in which an element RH is more
June 2029 concentrated in the grain boundary phase than in the grains, in which the

element RH is at least one element selected from the group consisting of Dy,
Th and Ho; and the element RH is present with a substantially constant
concentration distribution from the surface part of the magnet to the central
part of the magnet.

What is claimed is:

1. A rare earth magnet comprising [composition of matter] grains including an
R.sub.2X.sub.14B phase as a main phase, and a grain boundary phase
surrounding peripheries of the grains, in which R is at least one element
selected from the group consisting of Nd, Pr, Dy, Tb and Ho, and X is Fe or Fe
in part substituted by Co; wherein the grains have an average grain size of 1
.mu.m or less; wherein an element RH is more concentrated in the grain
boundary phase than in the grains, in which the element RH is at least one
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element selected from the group consisting of Dy, Tb and Ho; and wherein the
rare earth magnet has a difference in concentration of the element RH in the
depth direction from a surface part of the magnet to an interior of the magnet
of within 10%. .....

8. A process for producing [process/method]a rare earth magnet according to
claim 1, the process comprising: a step of preparing a raw material powder
containing an R--X--B-based alloy powder mixed or coated with an RH metal
and/or an RH alloy, in which R is at least one element selected from the group
consisting of Nd, Pr, Dy, Th and Ho, X is Fe or Fe with a part being substituted
by Co, and RH is at least one element selected from the group consisting of
Dy, Tb and Ho; a step of cold molding said prepared raw material powder to
obtain a cold compact; and a step of hot molding said obtained cold compact to
obtain a hot compact or subjecting said obtained hot compact further to hot
plastic working to obtain a hot plastic worked body.

Filed: 7,998,283 Inventor: Rare earth anisotropic hard magnetic material and processes for producing
April 13, magnetic powder and magnet using the same
2007 Yang; Yingchang
Abstract
Issued: (Beijing, CHINA) The disclosure provides a rare earth anisotropic hard magnetic material, which
Aug 16, has, on atomic percent basis, a composition of (Sm.sub.1-
2011 .alpha.R.sub..alpha.).sub.xFe.sub.100-x-y-zM.sub.yl.sub.z, wherein, R is Pr
alone or a combination of Pr with at least one rare earth element selected from
Expires: the group consisting of La, Ce, Nd, Gd, Th, Dy, Ho, Er, Tm, Yb, Luand Y; M
April 2027 is at least one element selected from the group consisting of Si, Ti, V, Cr, Mn,

Co, Ni, Cu, Zn, Nb, Mo, Al, and Zr; I is N alone or a combination of N and C;
0.01.Itoreq..alpha..Itoreq.0.30; 7.1toreq.x.Itoreq.12, 0.01.ltoreq.y.ltoreq.8.0,
6.ltoreq.z.Itoreq.14.4, and which anisotropic rare earth hard magnetic material
is crystallized in a Th.sub.2Zn.sub.17-type structure, of which crystalline
grains are in a flake shape with a gain size ranging from 1 to 5 .mu.m, and c-
axis of the crystalline grains, an easy magnetization direction, being oriented
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along the minor axis of the flake crystalline grains. The disclosure also
provides a process for producing the powdery rare earth anisotropic hard
magnetic material and a process for producing anisotropic calender flexible
magnet.

I claim:

1. An anisotropic rare earth hard magnetic material, which has, on atomic
percent basis, a composition of [composition of matter] (Sm.sub.1-
.alpha.R.sub..alpha.).sub.xFe.sub.100-x-y-zM.sub.yl.sub.z wherein: R is Pr
alone or a combination of Pr with at least one rare earth element selected from
the group consisting of La, Ce, Nd, Gd, Th, Dy, Ho, Er, Tm, Yb, Luand Y; M
is at least one element selected from the group consisting of Si, Ti, V, Cr, Mn,
Co, Ni, Cu, Zn, Nb, Mo, Al, and Zr; I is N alone or a combination of N and C;
0.01.1toreq..alpha..ltoreq.0.30; 7.ltoreq.x.Itoreq.12; 0.01.ltoreq.y.ltoreq.8.0; and
6.ltoreq.z.ltoreq.14.4; and the anisotropic rare earth hard magnetic material
comprises monocrystal particles having a Th.sub.2Zn.sub.17-structure, of
which crystalline grains are in a flake shape with a grain size ranging from 1 to
3.mu.m, and an easy magnetization direction of the crystalline grains being
oriented along a minor axis of the flake crystalline grains.....

6. A process for producing [process/method] the anisotropic rare earth hard
magnetic material according to claim 1, comprising the steps of: (1) preparing
a master alloy with all components of (Sm.sub.1-
.alpha.R.sub..alpha.).sub.xFe.sub.100-x-y-zM.sub.yl.sub.z except for N by
using strip-casting technique, (2) treating the master alloy obtained in step (1)
in nitrogen atmosphere at 450-600.degree. C. for 4-8 hours to carry out a gas-
solid phase reaction, to form a nitride having the composition of (Sm.sub.1-
.alpha.R.sub..alpha.).sub.xFe.sub.100-x-y-zM.sub.yl.sub.z as defined in claim
1; and (3) pulverizing the nitride obtained in step (2) into an anisotropic
monocrystal powder having an average particle size of 1-3 .mu.m and being in
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a flake shape.

Filed: 7,988,797 Assignee: Nano-composite magnet, quenched alloy for nano-composite magnet, and
May 17, method for producing them and method for distinguishing them
2010 Hitachi Metals, Ltd.
Abstract
Issued: (Tokyo, JAPAN) A nanocomposite magnet according to the present invention has a composition
Aug 2, represented by the general formula: R.sub.xQ.sub.yM.sub.z(Fe.sub.1-
2011 mT.sub.m).sub.bal, where R is at least one rare-earth element, Q is at least one
element selected from the group consisting of B and C, M is at least one metal
Expires: element that is selected from the group consisting of Al, Si, Ti, V, Cr, Mn, Cu,
May 2030 Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au and Pb and that always includes Ti,

and T is at least one element selected from the group consisting of Co and Ni.
The mole fractions x, y, z and m satisfy the inequalities of 6 at %.ltoreq.x<10
at %, 10 at %.ltoreq.y.ltoreq.17 at %, 0.5 at %.ltoreq.z.Itoreq.6 at % and
0.ltoreq.m.ltoreq.0.5, respectively. The nanocomposite magnet includes a hard
magnetic phase and a soft magnetic phase that are magnetically coupled
together. The hard magnetic phase is made of an R.sub.2Fe.sub.14B-type
compound, and the soft magnetic phase includes an .alpha.-Fe phase and a
crystalline phase with a Curie temperature of 610.degree. C. to 700.degree. C.
(.omega. phase) as its main phases.

What is claimed is:

1. A nanocomposite magnet having a composition [composition of matter]
represented by the general formula: R.sub.xQ.sub.yM.sub.z(Fe.sub.1-
mT.sub.m).sub.bal, where R is at least one rare-earth element, Q is at least one
element selected from the group consisting of B and C, M is at least one metal
element that is selected from the group consisting of Al, Si, Ti, V, Cr, Mn, Cu,
Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au and Pb and that always includes Ti,
T is at least one element selected from the group consisting of Co and Ni, and
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the mole fractions X, y, z and m satisfy the inequalities of 6 at %.ltoreq.x<10 at
%, 10 at %.ltoreq.y.ltoreq.17 at %, 0.5 at %.ltoreq.z.ltoreq.6 at % and
0.Itoreg.m.ltoreq.0.5, respectively, the nanocomposite magnet including a hard
magnetic phase and a soft magnetic phase that are magnetically coupled
together, wherein the hard magnetic phase is made of an R.sub.2Fe.sub.14B-
type compound, and wherein the soft magnetic phase includes an .alpha.-Fe
phase and an Fe.sub.2B phase as its main phases. ....

3. A rapidly solidified [process/method] alloy to make a nanocomposite
magnet, the alloy having a composition represented by the general formula:
R.sub.xQ.sub.yM.sub.z(Fe.sub.1-mT.sub.m).sub.bal, where R is at least one
rare-earth element, Q is at least one element selected from the group consisting
of B and C, M is at least one metal element that is selected from the group
consisting of Al, Si, Ti, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt,
Au and Pb and that always includes Ti, T is at T is at least one element
selected from the group consisting of Co and Ni, and the mole fractions x, y, z
and m satisfy the inequalities of 6 at %.ltoreq.x<10 at %, 10 at
%.ltoreq.y.ltoreq.17 at %, 0.5 at %.ltoreq.z.ltoreq.6 at % and
0.Itoreg.m.ltoreq.0.5, respectively, wherein the rapidly solidified alloy includes
an R.sub.2Fe.sub.14B-type compound, an .alpha.-Fe phase and an Fe.sub.2B

phase.
Filed: 7,988,795 Assignee: R-T-B--C rare earth sintered magnet and making method
Nov30,
2006 Shin-Etsu Chemical Abstract

Co., Ltd. An R-T-B--C rare earth sintered magnet (R.dbd.Ce, Pr, Nd, Tb, or Dy; T=Fe)

Issued: is obtained by mixing an R-T-B--C magnet matrix alloy with an R fluoride and
Aug 2, (Tokyo, JAPAN) an R-rich R-T-B--C sintering aid alloy, followed by pulverization, compaction
2011 and sintering. The sintered structure consists of an R.sub.2T.sub.14B type

crystal primary phase and a grain boundary phase. The grain boundary phase
Expires: consists essentially of 40-98 vol % of R--O.sub.1-x--F.sub.1+2x and/or R--
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Nov 2026 F.sub.y, 1-50 vol % of R--O, R--O--C or R--C compound phase, 0.05-10 vol %
of R-T phase, 0.05-20 vol % of B-rich phase or M-B.sub.2 phase (M=Ti, V,
Cr, Zr, Nb, Mo, Hf, Ta or W), and the balance of an R-rich phase.

The invention claimed is:

1. An R-T-B-C rare earth sintered magnet wherein R is at least one rare earth
element selected from the group consisting of Ce, Pr, Nd, Tb, and Dy, T is iron
or a mixture of iron and at least one other transition metal, B is boron, and C is
carbon, which magnet is obtained by [process/method] : mixing (11) 1 to 20%
by weight of an R-rich R-T-B--C sintering aid alloy consisting essentially of
50 wt %.ltoreq.R.Itoreq.65 wt %, 0.3 wt %.ltoreq.B.ltoreq.0.9 wt %, 0.01 wt
%.ltoreq.C.ltoreq.0.5 wt %, 0.1 wt %.Itoreq.Al.ltoreq.1.0 wt %. 0.1 wt
%.ltoreq.Cu.ltoreq.5.0 wt %, and the balance of T, (111) 10 to 50% by weight of
an R--0.sub.1-x--F.sub.1+2x and/or R--F.sub.y powder having an average
particle size of 0.5 to 50.mu.m wherein x is an arbitrary real number of 0 to 1
and y is 2 or 3, and (I) the remainder of a R-T-B--C primary phase magnet
matrix alloy powder consisting essentially of 25 wt %.ltoreq.R.Itoreq.35 wt %,
0.8 wt %.ltoreq.B.Itoreq.1.4 wt %, 0.01 wt %.ltoreq.C.ltoreq.0.5 wt %, 0.1 wt
%.ltoreq.Al.ltoreq.1.0 wt %, and the balance of T, pulverizing the mixture
through a jet mill in a nitrogen stream to an average particle size of 0.01 to 30
.mu.m, compacting the mixture in a magnetic field into a compact, sintering
and heat treating the compact, wherein the rare earth sintered magnet has a
sintered structure consisting of an R.sub.2T.sub.14B structure crystal primary
phase and a grain boundary phase, said grain boundary phase consisting
essentially of 40 to 98% by volume (a volume fraction in the grain boundary
phase) of R-O.sub.1-x-F.sub.1+2x and/or R-F.sub.y wherein x is an arbitrary
real number of 0to 1 and y is 2 or 3, 1 to 50% by volume of a compound phase
selected from R-O, R-O-C, and R-C compounds, and mixtures thereof, 0.05 to
10% by volume of a R-T phase, 0.05 to 20% by volume of a B-rich phase
(R.sub.1+.epsilon.Fe.sub.4B.sub.4) or M-B.sub.2 phase wherein M is at least
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one element selected from the group consisting of Ti, V, Cr, Zr, Nb, Mo, Hf,
Ta and W, and the balance of an R-rich phase . ....

6. A method for preparing [process/method] a R-T-B--C sintered magnet
wherein R is at least one rare earth element selected from the group consisting
of Ce, Pr, Nd, Th, and Dy, T is iron or a mixture of iron and at least one other
transition metal, B is boron, and C is carbon, said method comprising the steps
of mixing (I1) 1 to 20% by weight of an R-rich R-T-B--C sintering aid alloy
consisting essentially of 50 wt %.ltoreq.R.Itoreq.65 wt %, 0.3 wt
%.ltoreq.B.ltoreq.0.9 wt %, 0.01 wt %.ltoreq.C.ltoreq.0.5 wt %, 0.1 wt
%.ltoreq.Al.ltoreq.1.0 wt %, 0.1 wt %.ltoreq.Cu.ltoreq.5.0 wt %, and the
balance of T, (1) 10 to 50% by weight of an R--O.sub.1-x--F.sub.1+2x and/or
R--F.sub.y powder wherein x is an arbitrary real number of 0to 1 and y is 2 or
3, and (I) the remainder of a R-T-B--C primary phase magnet matrix alloy
powder consisting essentially of 25 wt %.ltoreq.R.Itoreq.35 wt %, 0.8 wt
%.ltoreq.B.ltoreq.1.4 wt %, 0.01 wt %.ltoreq.C.Itoreq.0.5 wt %, 0.1 wt
%.ltoreq.Al.ltoreq.1.0 wt %, and the balance of T, pulverizing the mixture
through a jet mill in a nitrogen stream, compacting the mixture in a magnetic
field into a compact, sintering and heat treating the compact.

Filed: 7,985,303 Assignee: Rare earth permanent magnet and its preparation
Oct 27,
2010 Shin-Etsu Chemical Abstract

Co., Ltd. A rare earth permanent magnet is prepared by disposing a powdered metal
Issued: alloy containing at least 70 vol % of an intermetallic compound phase on a
July 26, (Tokyo, JAPAN) sintered body of R--Fe--B system, and heating the sintered body having the
2011 powder disposed on its surface below the sintering temperature of the sintered

body in vacuum or in an inert gas for diffusion treatment. The advantages

Expires: include efficient productivity, excellent magnetic performance, a minimal or
Oct 2030 zero amount of Th or Dy used, an increased coercive force, and a minimized

decline of remanence.
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The invention claimed is:

1. A method for preparing [process/method] a rare earth permanent magnet,
comprising the steps of: disposing an alloy powder on a surface of a sintered
body of the composition R.sub.a-T.sup.1.sub.b-B.sub.c wherein R is at least
one element selected from rare earth elements inclusive of Y and Sc, T.sup.1 is
at least one element selected from Fe and Co, B is boron, "a," "b™ and "c"
indicative of atomic percent are in the range: 12.1toreq.a.ltoreq.20,
4.0.Itoreq.c.ltoreq.7.0, and the balance of b, said alloy powder having the
composition M.sup.1.sub.d-M.sup.2.sub.e wherein each of M.sup.1 and
M.sup.2 is at least one element selected from the group consisting of Al, Si, C,
P, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sh, Hf,
Ta, W, Pb, and Bi, M.sup.1 is different from M.sup.2, "d" and "e" indicative of
atomic percent are in the range: 0.1.1toreq.e.Itoreq.99.9 and the balance of d,
and containing at least 70% by volume of an intermetallic compound phase,
and heat treating the sintered body having the powder disposed on its surface at
a temperature equal to or below the sintering temperature of the sintered body
in vacuum or in an inert gas, for causing at least one element of M.sup.1 and
M.sup.2 in the powder to diffuse to grain boundaries in the interior of the
sintered body and/or near grain boundaries within sintered body primary phase

grains.
Filed: 7,981,359 Assignee: Rotor and process for manufacturing the same
Dec 7,
2004 Hitachi Metals, Ltd. Abstract

A rotor comprising bonded magnet portions mainly composed of magnet
Issued: (Tokyo, JAPAN) powder and a binder, which are embedded in a soft magnetic portion mainly
July 19, composed of soft magnetic powder and a binder, the rotor being produced by a
2011 compression-molding method, and the magnetic pole surfaces of the bonded
Expires: magnet portions being embedded in the soft magnetic portion.
Dec 2024
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What is claimed is:

1. A method for producing [process/method] a rotor comprising bonded
magnet portions and a soft magnetic portion, the method comprising, in the
order mentioned, (a) preliminarily molding steps consisting of compressing a
magnet powder compound mainly composed of magnet powder and a binder to
mold said bonded magnet portions; charging a soft magnetic powder
compound mainly composed of soft magnetic powder and a binder, such that
said soft magnetic portion is in contact with said bonded magnet portions, and
compressing said soft magnetic powder compound to mold said soft magnetic
portion; and (b) simultaneously compressing said bonded magnet portions and
said soft magnetic portion to make said bonded magnet portions and said soft
magnetic portion integral.

Filed: 7,972,450 Assignee: High resistance magnet and motor using the same
February
19, 2010 Hitachi, Ltd. Abstract

A magnet comprising grains of a ferromagnetic material whose main
Issued: (Tokyo, JAPAN) component is iron and a fluorine compound layer or an oxy-fluorine compound
July 5, layer of fluoride compound particles of alkali metals, alkaline earth metals and
2011 rare earth elements, present on the surface of the ferromagnetic material grains,
Expires: wherein an amount of iron atoms in the fluorine compound particles is 1 to 50
Feb 2030 atomic %.

What is claimed is:

1. A magnet composed of [composition of matter] united particles of a
ferromagnetic material whose main component is iron, each of the particles
comprising the ferromagnetic material and a layer of a fluorine compound of at
least one member selected from the group consisting of alkali metals, alkaline
earth metals and transition metals, coated on surfaces of the particles, wherein
the layer of the fluorine compound contains iron in a range of from 1 to 50
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atomic %, and the fluorine compound has a face-centered cubic crystal
structure....

6. The magnet according to claim 1, wherein the fluorine compound is at least
one member selected from the group consisting of [composition of matter]
NdF.sub.3LiF, MgF.sub.2, CaF.sub.2, ScF.sub.2, VF.sub.2, VF.sub.3,
CrF.sub.2, CrF.sub.3, MnF.sub.2, MnF.sub.3, CoF.sub.2, CoF.sub.3,
NiF.sub.2, ZnF.sub.2, AlF.sub.3, GaF.sub.3, SrF.sub.3, YF.sub.3, ZrF.sub.3,
NbF.sub.5, AgF, InF.sub.3, SnF.sub.2, SnF.sub.4, BaF.sub.2, LaF.sub.2,
LaF.sub.3, CeF.sub.3, PrF.sub.3, NdF.sub.2, SmF.sub.2, SmF.sub.3,
EuF.sub.2, EuF.sub.3, GdF.sub.3, ThF.sub.3, TbF.sub.4, DyF.sub.2,
DyF.sub.3, HoF.sub.2, HoF.sub.3, ErF.sub.2, ErF.sub.3, TmF.sub.2,
TmF.sub.3, YbF.sub.2, YbF.sub.3, LuF.sub.2, LuF.sub.3, PbF.sub.2, and

BiF.sub.3.
Filed: 7,972,448 Assignee: Method for the production of an anisotropic magnetic powder and a bonded
November anisotropic magnet produced therefrom
27,2003 Vacuumschmelze

GmbH & Co. KG Abstract

Issued: Disclosed herein is a method for the production of an anisotropic magnetic
July 5, (Hanau, GERMANY) | powder or a magnet produced from said powder, wherein a hydrogenating and
2011 dehydrogenating method is applied to the starting material in order to produce

the powder. An anisotropic oriented magnetic material, more particularly
Expires: magnetic scrap metal, is advantageously used as starting material so that the
Nov 2023 complicated use of a molten mass with isotropic distribution of the ¢ axes of

the hard metal crystals is not required. The result is an anisotropic material
having a fine grain structure and a crystallographic orientation matching a
TM.sub.XB phase formed during hydrogenation.

The invention claimed is:
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1. A method for producing [process/method] an anisotropic magnetic powder,
comprising: providing a starting material comprising an SE-TM-B alloy,
wherein SE is a rare earth element and TM is a transition metal, said starting
material comprising a magnetic material with an anisotropic orientation and an
average grain size of less than 0.1 mm, said starting material further
comprising a hard magnetic content greater than 90% by volume, foreign
phases smaller than 0.5 mm in size, and a crystal size and article size such that
the crystal size is at most 75% of the particle size; producing a mixture
comprising a TM.sub.XB phase in said starting material by a
hydrogenation/dehydrogenation treatment without homogenization treatment at
high temperate comprising: a first hydrogenation comprising heating said
starting material comprising said SE-TM-B alloy under a hydrogen pressure
sufficient to produce a hydride of the SE-TM-B alloy, and then a second
hydrogenation comprising exposing the hydride resulting from said first
hydrogenation to a hydrogen pressure and an elevated temperature sufficient to
induce a phase transition to produce said TM.sub.XB phase, and afterward
dehydrogenating and producing a reverse phase transition to produce an
anisotropic magnetic powder having a crystallographic orientation that
matches a crystallographic orientation of said TM.sub.XB phase and that has a
fine and uniformly granular microstructure.

Filed: 7,967,919 Assignee: Process for producing self-assembled rare earth-iron bonded magnet and motor
May 26, utilizing the same
2005 Panasonic Corporation
Abstract
Issued: (Osaka, JAPAN) The present invention provides a method for manufacturing a self-organized
June 28, rare earth-iron bonded magnet, including: a first step of covering a rare earth-
2011 iron magnet powder with oligomer or prepolymer in which one molecule
includes at least two or more reactive ground substances to provide a surface-
Expires: treated magnet powder; a second step of melting and kneading stretchable
May 2025 polymer and the surface-treated magnet powder to coarsely crush the resultant
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material to provide a granule; a third step of dry blending the granule with
hardener to provide a compound; a fourth step of compressing the compound
under temperature conditions by which the oligomer or prepolymer, the
polymer, and the hardener are caused to melt and to flow to provide a green
compact; a fifth step of causing the green compact to be a self-organized rare
earth-iron bonded magnet by reacting the oligomer or prepolymer, and
polymer with the hardener; and a sixth step of stretching the bonded magnet to
transform the shape to any of a circular-shape or a circular arc-like shape.

The invention claimed is:

1. A method for manufacturing [process/method] a rare earth-iron bonded
magnet comprising: a first step of covering a rare earth-iron magnet powder
with oligomer or prepolymer to provide a surface-treated magnet powder,
wherein the oligomer or prepolymer has a functional group for fixing the rare
earth-iron magnet powder; a second step of melting a stretchable polymer and
kneading the melted stretchable polymer with the surface-treated magnet
powder at a temperature equal to or higher than a melting point of the polymer
to coarsely crush a resultant material to provide a granule; a third step of dry
blending an additive and a hardener with the granule to provide a compound; a
fourth step of compressing the compound under conditions in which the
oligomer or prepolymer, the polymer, and the hardener are heated to melt and
to flow at a temperature equal to or higher than the melting points of the
oligomer or prepolymer, the polymer, and the hardener to provide a green
compact; and a fifth step of stretching the rare earth-iron bonded magnet to
transform the shape to any of a circular-shape or a circular arc-like shape.

Filed: 7,955,443 Assignee: Method for preparing rare earth permanent magnet material

April 11, Abstract

2007 Shin-Etsu Chemical A permanent magnet material is prepared [process/method] by covering an
Co., Ltd. anisotropic sintered magnet body of formula: R.sup.1.sub.x(Fe.sub.1-

Issued: yCo.sub.y).sub.100-x-z-aB.sub.zM.sub.a wherein R.sup.1 is a rare earth
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June 7, (Tokyo, JAPAN) element, M is Al, Cu or the like, with a powder comprising an oxide of

2011 R.sup.2, a fluoride of R.sup.3 or an oxyfluoride of R.sup.4 wherein R.sup.2,
R.sup.3, and R.sup.4 are rare earth elements, and having an average particle

Expires: size up to 100 .mu.m, heat treating the powder-covered magnet body in a

April 2027 hydrogen gas-containing atmosphere for inducing disproportionation reaction
on R.sup.1.sub.2Fe.sub.14B compound, and continuing heat treatment at a
reduced hydrogen gas partial pressure for inducing recombination reaction to
said compound, thereby finely dividing said compound phase to a crystal grain
size up to 1 .mu.m, and for effecting absorption treatment, thereby causing
R.sup.2, R.sup.3 or R.sup.4 to be absorbed in the magnet body.

Filed: 7,955,442 Assignee: Method for producing sintered magnet and alloy for sintered magnet

Nov16,

2004 TDK Corporation Abstract
The present invention provides a method for producing [process/method] a

Issued: (JAPAN) sintered magnet, which can have a sufficient sintered density even when the

June 7, magnet has a low-R composition. The method is for producing a sintered

2011 magnet comprising R (R: one or more rare-earth elements), T (T: one or more
transition metal elements essentially comprising Fe, or Fe and Co) and B

Expires: (boron) as the main components, wherein a starting alloy prepared by strip

Nov 2024 casting is pulverized to a given particle size to form a fine powder, where the
starting alloy comprises discolored deposit 1 on the surface and the area ratio
of the discolored deposit 1 is 1.5% or less, the resulting fine powder is
compacted in a magnetic field to prepare a compact, and the compact is
sintered.

Filed: 7,938,915 Assignee: Rare earth alloy binderless magnet and method for manufacture thereof

Aug 3,

2006 Hitachi Metals, Ltd. Abstract

(Tokyo, JAPAN), A method for producing a rare-earth alloy based binderless magnet according
Issued: to the present invention includes the steps of: (A) providing a rapidly solidified
May 10, rare-earth alloy magnetic powder; and (B) compressing and compacting the
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2011 Nippon Kagaku Yakin | rapidly solidified rare-earth alloy magnetic powder by a cold process without

Co., Ltd. using a resin binder, thereby obtaining a compressed compact, 70 vol % to 95
Expires: vol % of which is the rapidly solidified rare-earth alloy magnetic powder.
Aug 2026 (Osaka, JAPAN)

1. A method for producing [process/method] a rare-earth alloy based
binderless magnet, the method comprising the steps of: (A) providing a rapidly
solidified rare-earth alloy magnetic powder; (B) compressing and compacting
the rapidly solidified rare-earth alloy magnetic powder by a cold process at a
temperature of 100.degree. C. or less without using a resin binder, thereby
obtaining a compressed compact, 70 vol % to 95 vol % of which is the rapidly
solidified rare-earth alloy magnetic powder, wherein the rapidly solidified rare-
earth alloy magnetic powder is compressed under a pressure of 500 MPa to
2,500 MPa; and (C) subjecting the compressed compact to a heat treatment
process at a temperature of 350.degree. C. to 800.degree. C. after the step (B)
has been performed.

2. The method of claim 1, wherein the step (C) includes conducting the heat
treatment process within an inert gas atmosphere with a pressure of
1.times.10.sup.-2 Pa or less.

4. A method of making [process/method] a magnetic circuit component
comprising: a rare-earth alloy based binderless magnet in which magnetic
powder particles of a rapidly solidified rare-earth alloy are bound together
without a resin binder, wherein the magnetic powder of the rapidly solidified
rare-earth alloy accounts for 70 vol % to 95 vol % of the entire magnet; and a
resin-less compressed powder magnetic core in which powder particles of a
soft magnetic material are bound together without a resin binder, wherein the
binderless magnet and the resin-less compressed powder magnetic core are
joined together, the method comprising the steps of: (A) providing a rapidly
solidified rare-earth alloy powder and a soft magnetic material powder; (B)
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compressing the rapidly solidified rare-earth alloy powder and the soft
magnetic material powder by a cold process at a temperature of 100.degree. C.
or less and under a pressure of 500 MPa to 2,500 MPa, thereby making a
compact in which these two powders are joined together; and (C) subjecting
the compressed and combined compact to a heat treatment process at a
temperature of 350.degree. C. to 800.degree. C.

Filed: 7,927,501 Assignee: Rare earth element magnet and method of manufacturing same
Nov 20,
2007 Hitachi, Ltd. Abstract
A magnet comprising magnetic powder containing at least one rare earth metal
Issued: (Tokyo, JAPAN) element, and an oxide binder for binding the magnetic powder, wherein an
April 19, inter-face distance of the binder determined by diffraction analysis is 0.25 to
2011 2.94 nm. The disclosure also discloses a method of manufacturing a magnet
comprising; compacting magnetic powder containing at least one rare earth
Expires: element under pressure in a mold; impregnating the compacted magnetic
Nov 2027 powder molding with a precursor solution of an oxide material; and heat-

treating the compacted magnetic molding impregnated with the precursor
thereby to impart an inter-face distance determined by diffraction analysis to
the binder in the compacted molding. The distance is 0.25 to 2.94 nm.

What is claimed is:

1. A magnet comprising [composition of matter] magnetic powder containing
at least one rare earth metal element, the magnetic powder being composed of
particles each constituted by fine crystals having an average size of 10 to 100
nm, and an amorphous binder for binding the magnetic powder, wherein an
inter-face distance of the binder determined by diffraction analysis is 0.25 to
2.94 nm, the magnet being compact-molded. ...

12. A method of manufacturing [process/method] a magnet comprising:
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compacting magnetic powder containing at least one rare earth element under
pressure in a mold; impregnating the compacted magnetic powder molding
with a precursor solution containing a precursor of an amorphous binder; and
heat-treating the compacted magnetic molding impregnated with the precursor
thereby to form fine crystals having a mean size of 10 to 100 nm and to form
an inter-face distance of the binder determined by diffraction analysis to the
binder in the compacted magnetic powder molding, the distance being 0.25 to
2.94 nm.

According to embodiments of the present invention, it is possible to improve
magnetic properties of magnets that use a binder for bonding the magnetic
material powder. The magnet is manufactured by compacting the magnetic
powder, without sintering the magnetic powder

Filed: 7,922,832 Assignee: Method for preparing permanent magnet material
Ap 6, 2007
Shin-Etsu Chemical Abstract
Issued: Co., Ltd. A permanent magnet material is prepared by machining an anisotropic sintered
April 12, magnet body having the compositional formula: R.sub.x(Fe.sub.1-
2011 (Tokyo, JAPAN) yCo.sub.y).sub.100-x-z-aB.sub.zM.sub.a wherein R is Sc, Y or a rare earth
element, M is Al, Cu or the like, to a specific surface area of at least 6
Expires: mm.sup.-1, heat treating in a hydrogen gas-containing atmosphere at 600-
April 2027 1,100.degree. C. for inducing disproportionation reaction on the

R.sub.2Fe.sub.14B compound, and continuing heat treatment at a reduced
hydrogen gas partial pressure and 600-1,100.degree. C. for inducing
recombination reaction to the R.sub.2Fe.sub.14B compound, thereby finely
dividing the R.sub.2Fe.sub.14B compound phase to a crystal grain size
Jtoreq.1 .mu.m.

The invention claimed is:
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1. A method for preparing [process/method] a permanent magnet material,
comprising the steps of: providing an anisotropic sintered magnet body having
the compositional formula: R.sub.x(Fe.sub.1-yCo.sub.y).sub.100-x-z-
aB.sub.zM.sub.a wherein R is at least one element selected from rare earth
elements inclusive of Sc and Y, M is at least one element selected from the
group consisting of Al, Cu, Zn, In, Si, P, S, Ti, V, Cr, Mn, Ni, Ga, Ge, Zr, Nb,
Mo, Pd, Ag, Cd, Sn, Sb, Hf, Ta, and W, X, vy, z, and a indicative of atomic
percentage are in the range: 10.ltoreq.x.ltoreq.15, 0.ltoreq.y.ltoreq.0.4,
3.Itoreq.z.ltoreq.15, and 0.ltoreq.a.ltoreq.11, said magnet body containing a
R.sub.2Fe.sub.14B compound as a primary phase, machining the magnet body
to a specific surface area of at least 6 mm.sup.-1, heat treating the magnet body
which has been machined in a hydrogen gas-containing atmosphere at 600 to
1,100.degree. C., for inducing disproportionation reaction on the
R.sub.2Fe.sub.14B compound, continuing the heat treatment in an atmosphere
having a reduced hydrogen gas partial pressure at 600 to 1,100.degree. C., for
inducing recombination reaction to the R.sub.2Fe.sub.14B compound, thereby
finely dividing the R.sub.2Fe.sub.14B compound phase to a crystal grain size
equal to or less than 1 .mu.m, and washing the magnet body with at least one
agent of alkalis, acids and organic solvents, after the recombination reaction

treatment.
Filed: 7,919,200 Assignee: Rare earth magnet having high strength and high electrical resistance
June 9,
2006 Nissan Motor Co., Ltd. | Abstract
This rare earth magnet having high strength and high electrical resistance has a
Issued: (Yokohama, JAPAN) | structure including an R--Fe--B-based rare earth magnet particles 18 which are
April 5, enclosed with a high strength and high electrical resistance composite layer 12.
2011 The high strength and high electrical resistance composite layer 12 is
constituted from a glass-based layer 16 that has a structure comprising a glass
Expires: phase or R oxide particles 13 dispersed in glass phase, and R oxide particle-
June 2026 based mixture layers 17 that are formed on both sides of the glass-based layer
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16 and contain an R-rich alloy phase 14 which contains 50 atomic % or more
of R in the grain boundary of the R oxide particles.

What is claimed is:

1. A rare earth magnet having a structure [composition of matter] such that
R--Fe--B-based rare earth magnet particles are enclosed within a composite
layer, where R represents one or more kinds of rare earth element including Y,
and wherein the composite layer comprises a glass-based layer having a glass
phase or a structure of R oxide particles dispersed in a glass phase, and R oxide
particle-based mixture layers that are formed on both sides of the glass-based
layer and which contain an R-rich alloy phase containing 50 atomic % or more
of R in a grain boundary of the R oxide particles

Filed: 7,914,695 Assignee: Magnet using binding agent and method of manufacturing the same
March 12,
2007 Hitachi, Ltd. Abstract
The object of the present invention is to both reduce costs and improve
Issued: (Tokyo, JAPAN) magnetic characteristics of rare-earth bond magnets in which magnetic
March 29, material is bound with a binding agent. In order to achieve this object,
2011 magnetic characteristics of a magnet are improved by performing cold forming
on rare-earth magnetic powder by itself with no resin added. Then, in order to
Expires: provide strength for the magnet, a low-viscosity SiO.sub.2 precursor is
March infiltrated and thermoset in the magnet shaped body. As a result, it is possible
2027 to obtain a rare-earth bond magnet in which magnetic characteristics are

improved and costs are reduced.
The invention claimed is:

1. A rare-earth magnet comprising [composition of matter] a rare-earth
magnetic powder bound with a SiO.sub.2 binding agent containing an alkoxy

group.
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Filed: 7,906,036 Assignee: Ferrite sintered magnet
September
13, 2004 Neomax Co., Ltd. Abstract
A sintered ferrite magnet having a basic composition represented by the

Issued: (Osaka, JAPAN) general formula: A.sub.1-x-y+aCa.sub.x+bR.sub.y+cFe.sub.2n-
March 15, zCo.sub.z+d0O.sub.19 (atomic ratio), wherein a, b, c and d represent the
2011 Originally Sumitomo amounts of an A element, Ca, an R element and Co added in the pulverization

Special Metals Co., step of an oxide magnet material, which are numerals meeting the conditions
Expires: Ltd., now a 100% of 0.03.Itoreq.x.Itoreq.0.4, 0.1.Itoreq.y.ltoreq.0.6, 0.ltoreq.z.ltoreq.0.4,
Sept 2024 subsisidiary of Hitachi | 4.ltoreq.n.ltoreq.10, x+y<1, 0.03.Itoreq.x+b.ltoreq.0.4,

Metals. 0.1.ltoreq.y+c.ltoreq.0.6, 0.1.Itoreq.z+d.Itoreq.0.4, 0.50.1toreq.[(1-x-y+a)/(1-

y+a+b)].ltoreq.0.97, 1.1.Itoreq.(y+c)/(z+d).ltoreq.1.8,
1.0.1toreq.(y+c)/x.ltoreq.20, and 0.1.ltoreq.x/(z+d).ltoreq.1.2.

What is claimed is:

1. A sintered ferrite magnet consisting [composition of matter] essentially of
an M phase, which comprises as indispensable elements: an A element, which
is Sror Sr and Ba: an R element, which is La or La plus at least one of rare
earth elements including Y; Ca; Fe and Co, said magnet being produced
through steps of pulverization, molding and sintering of a calcined oxide
magnet material consisting essentially of an M phase and, having a basic
composition represented by the following general formula (1): A.sub.1-x-
yCa.sub.xR.sub.yFe.sub.2n-zCo.sub.zO.sub.19 (atomic ratio) (1), wherein Ca
is added in the form of a compound in an amount of x before calcining, and
said sintered ferrite magnet having a basic composition represented by the
following general formula (2): A.sub.1-x-y+aCa.sub.x+bR.sub.y+cFe.sub.2n-
zCo.sub.z+d0O.sub.19 (atomic ratio) (2), in the above general formulae (1) and
(2), X, y, z and n representing the amounts of Ca, said R element and Co and a
molar ratio in said oxide magnet material, and a, b, ¢ and d representing the
amounts of said A element, Ca, said R element and Co added to said calcined

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 6-28-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=