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STATEMENT OF RELATED CASES
These are appeals from final written decisions of the Patent Trial and Appeal
Board (“Board”) in inter partes reviews (“IPRs”) of claims 1-4, 11, 12, and 14-16
of U.S. Patent No. 6,491,765 (“’765 patent”) and claims 1, 5, and 6 of U.S. Patent
No. 6,537,385 (“’385 patent”). No appeal from these proceedings has previously
been before this Court or any other court.
Hitachi Metals, Ltd. asserted the ’765 and ’385 patents in International
Trade Commission Investigation No. 337-TA-855, which was terminated before
adjudication of any validity issues.
Counsel is aware of no other pending case that will affect or be affected
directly by this Court’s decision.
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JURISDICTIONAL STATEMENT
The Board had jurisdiction over these IPRs filed by petitioner-appellee
Alliance of Rare-Earth Permanent Magnet Industry (“Alliance”). 35 U.S.C. § 311.
Final decisions were entered on February 8, 2016. Hitachi Metals timely appealed
on April 8, 2016. This Court has jurisdiction under 28 U.S.C. § 1295(a)(4)(A).
STATEMENT OF THE ISSUES
1.

Whether, with respect to the ’385 patent, the Court should set aside:
(A) the Board’s cancellation of claims 5 and 6, because an ordinary

artisan would not have combined steps from (i) Hasegawa and Yamamoto,
(ii) Ohashi and Yamamoto, or (iii) He and Yamamoto to arrive at claims 5 and 6;
and
(B) the Board’s cancellation of claim 1, for the first two reasons above
and because He does not anticipate that claim, as He does not disclose the required
“rapid cooling method” under a proper construction of that term.
2.

Whether, with respect to the ’765 patent, the Court should set aside:
(A) the Board’s cancellation of claims 1-4, 11, 12, and 14-16, because

an ordinary artisan would not have combined steps from Ohashi and Hasegawa,
alone or in combination with other references, to arrive at these claims;
(B) the Board’s cancellation of claim 4, for either of two additional
reasons: (i) that the Board’s decision was based on a brand new construction that
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Hitachi Metals had not been given an opportunity to address, or (ii) that neither
Ohashi nor Hasegawa discloses a pulverization step wherein “the alloy is finely
pulverized in a high-speed flow of gas . . . compris[ing] oxygen” under the proper
construction of that term; and/or
(C) the Board’s cancellation of claims 11 and 12, for the independent
reason that an ordinary artisan would not have combined steps from Ohashi,
Hasegawa, and Yamamoto to arrive at these claims.
INTRODUCTION
This is a case of classic hindsight bias. The challenged patents relate to
processes for manufacturing a powder used to produce high-quality rare-earth
magnets. A major problem for manufacturers of this powder is that it readily
reacts with oxygen. Indeed, the powder is prone to spontaneously combust when
exposed to ambient air. Reacting with oxygen also consumes the expensive rareearth elements in the powder and degrades the end-product magnet.
The problem of oxidation continued to plague manufacturers at the time of
Hitachi Metals’ invention, despite years of effort to mitigate it. Based on extensive
research, Hitachi Metals developed for the first time a process to control and
mitigate the effects of oxidation from start to finish. At each step of the production
process, Hitachi Metals identified key steps to help manufacturers limit the

2

Case: 16-1824

Document: 24

Page: 11

Filed: 09/16/2016

consequences of oxidation and use the resulting effects to their advantage. It
claimed methods incorporating those key steps in its ’765 and ’385 patents.
Hitachi Metals did not dispute that the steps of each of the challenged
independent claims were known in the art at the time of the invention. But before
Hitachi Metals’ invention, no one had developed a way to combine these steps into
a single process to achieve the benefits that Hitachi Metals identified. Hitachi
Metals’ patents explained that some of the claimed steps, such as removing
portions of powder that are particularly rich in the rare-earth elements, went
against conventional wisdom. And before the Board, Hitachi Metals presented
overwhelming evidence showing why a person of ordinary skill, unarmed with the
teachings of Hitachi Metals’ patents, would not have combined these known steps
and in fact would have expected that combining them would have resulted in a
failed process.
The Board held claims of both patents unpatentable anyway. It did not rely
on any contrary evidence rebutting Hitachi Metals’ assertions.

Instead, in a

conclusory statement repeated throughout both of its final written decisions, the
Board stated that it was reason enough that Hitachi Metals’ claims were the
combination of known prior art elements used for their known purpose. That is not
enough according to established law.

Instead, the Board was required to

determine, based on evidence, that a person of ordinary skill in the art would have

3

Case: 16-1824

Document: 24

Page: 12

Filed: 09/16/2016

recognized a benefit from combining the known elements in the manner claimed
and would have reasonably expected success in combining these elements to reap
that benefit. That the Board failed to do.
Moreover, with respect to some of the combinations, the only benefit that
the Board identified was that the combinations supposedly would have provided a
lower cost, more productive process for high-volume manufacturing—i.e., that the
combination would have provided commercial advantages.

Yet the Board

disregarded Hitachi Metals’ evidence—which showed that one of ordinary skill
would not have combined the steps—as relating only to the combination’s
“commercial sense” rather than some technological issue. It was legal error for the
Board to rely on commercial advantages as the supposed benefit of the
combination while simultaneously refusing to consider Hitachi Metals’ evidence.
In addition, some of the Board’s unpatentability holdings rested on
unreasonably broad claim constructions.

The Board construed “rapid cooling

method” to include methods that a skilled artisan would not consider “rapid
cooling” but rather “super-rapid cooling,” a distinct category. And it read a step of
creating a “finely pulverized” alloy as including another step that, under the claim
language, occurs after the alloy is already finely pulverized.
The Board’s decisions of unpatentability as to all challenged claims should
be reversed.

4
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STATEMENT OF THE CASE
A.

Hitachi Metals, Ltd.

Hitachi Metals is responsible for manufacturing and selling the world’s
strongest and most popular sintered rare-earth permanent magnets. Hitachi Metals
sells these magnets under the NEOMAX brand name and has over 600 patents in
the area of rare-earth magnet technology, including the ’765 and ’385 patents.
B.

Sintered Rare-Earth Magnets

Sintered rare-earth magnets are the strongest type of permanent magnets
commercially made. Appx939-940, Appx1430. Yet they are more economical to
produce than other types of rare-earth magnets. Appx1430. Because of their
favorable cost-to-strength ratio, they are widely used in applications requiring
magnets, such as electric motors, hard disk drives, speakers, and more. Appx1434.
Sintered rare-earth magnets are made using rare-earth elements—seventeen
chemical elements that are relatively plentiful in the Earth’s crust but rarely found
in concentrations or areas that would make them easy to exploit. Sintered rareearth magnets are made from alloys of a rare-earth element (R) and two other
elements—iron (Fe) and boron (B). These magnets are thus sometimes referred to
as R—Fe—B magnets. Neodymium (Nd) is a common rare-earth element used for
such magnets. Appx640-641.

5
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Producing a sintered rare-earth magnet generally includes the following
steps:

(1) melting the rare-earth element, iron, and boron to make an alloy;

(2) solidifying the alloy; (3) coarsely pulverizing the alloy into a powder; (4) finely
pulverizing or milling the alloy powder; (5) pressing the finely pulverized alloy
powder and magnetically aligning its crystalline structures; (6) “sintering” the
pressed powder—i.e., heating the alloy powder to fuse the particles and make a
solid material; and (7) completing finishing steps, such as surface treatments.
Appx944-952; Appx81 (col.1:10-13). The figure below illustrates these steps:

Appx646.
Although these seven steps are commonly applied, manufacturers make
many complex choices regarding how to perform each step. These choices as to
any step can significantly alter the quality of the resulting sintered rare-earth
magnets. For example, the alloy can be coarsely pulverized by impact crushing,
6
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roll and jaw crushing, or other methods requiring direct contact between the
crushing apparatus and the material to be crushed. Appx947-948. But such direct
contact risks introducing steel impurities into the resulting alloy powder, which
degrade the resulting magnets’ magnetic properties. Appx948.
A significant problem that manufacturers face is oxidation.

The alloy

powder is prone to react with atmospheric elements like oxygen or hydrogen,
which can have undesirable results if uncontrolled. Oxidation results in magnets
having weaker magnetic fields or magnets that are more susceptible to
demagnetization. Appx81 (col.2:29-36). Oxidation also makes the manufacturing
process extremely hazardous. Appx85 (col.10:36-42). It produces an exothermic
reaction that can cause spontaneous combustion.

Appx85 (col.10:36-42),

Appx653, Appx2688, Appx2743. The risk of combustion is grave; uncontrolled
oxidation is capable of causing large explosions at manufacturing plants. Thus, to
protect workers and capital investments, manufacturers have sought ways to reduce
oxidation during manufacturing. Appx87 (col.13:2-6).

7
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The ’765 And ’385 Patents
1.

Overview

The ’765 and ’385 patents claim significant improvements to the process of
manufacturing alloy powder for rare-earth magnets. These improvements help
reduce the risk of alloy powder oxidation during manufacturing.1
The inventors of the ’765 and ’385 patents identified one of the primary
causes of oxidation during sintered rare-earth magnet processing—super-fine
particles of alloy powder that are rich (relative to the total powder) in rare-earth
elements. Appx81 (col.2:18-32). These particles are called R-rich particles, or
R-rich phase particles. Appx81 (col.2:59-63). Super-fine R-rich particles oxidize
more easily than other particles and thus contribute disproportionately to the
negative effects caused by oxidation.

Having identified a primary cause of

oxidation, the inventors designed process steps to carefully control and ultimately
remove a substantial portion of this super-fine R-rich powder.

Appx86-87

(col.12:65-col.13:6).
First, the inventors determined that the super-fine R-rich portion of an alloy
could be more easily isolated from the remaining alloy by preparing the prepowder alloy using a specific cooling method and then pulverizing the alloy using
1

The patents include largely identical written descriptions, the ’385 patent
having issued on a division of the application that became the ’765 patent.
Citations to the common written description are to the earlier-filed ’765 patent.
8
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hydrogen. Specifically, after melting and combining the constituent materials for
the alloy, the inventors used a “rapid cooling method”—i.e., cooling “at a rate in
the range between 102 C./sec and 104 C./sec”—to cool the alloy.

Appx81

(col.1:46-47). The result was a hardened alloy with grains of a desired crystal
structure with R-rich phase material dispersed at grain boundaries.
(col.1:53-59).

Appx81

The inventors then pulverized the rapidly cooled alloy using

“hydrogen embrittlement,” or “hydrogen pulverization,” in which the solid alloy
cracks and disintegrates along the grain boundaries—precisely where the R-rich
portion formed during the rapid cooling method. Appx81 (col.2:5-17). This
resulted in a coarse powder with R-rich portions exposed on the surfaces of the
particles. Appx81 (col.2:5-17). Producing coarse powder with exposed R-rich
portions in this manner allowed a high percentage of the R-rich portions to be
separated from the other particles during a second pulverization step. Appx81
(col.2:18-22).
Second, the inventors developed process steps to remove the isolated R-rich
portions. The inventors determined that when the above process steps are followed
to create a powder containing a mixture of fine R-rich and non-R-rich particles, the
resulting R-rich particles tend to be smaller in size than the non-R-rich particles.
Appx81 (col.2:22-25).

Discarding particles below a specific size accordingly

9
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removes the R-rich powder while preserving other powder particles. Appx82
(col.3:5-10, 20-26).
Third, the inventors demonstrated a threshold for the amount of super-fine
particles (defined as a particle size below 1 μm) to remove. They evaluated the
magnetic properties of sintered rare-earth magnets produced with varying
percentages of super-fine powder in the undiscarded alloy powder used to produce
the magnet. Appx85-86 (col.10:45-col.11:15). Table 1 shows the results:

Appx85-86. iHc (column 3) and Br (column 4) are measurable magnet properties
that correspond to the strength of a magnet’s magnetic field and its ability to
maintain magnetization.

The table shows excellent magnetic properties for

sintered rare-earth magnets produced from powders where 10% or less of the total
number of particles is super-fine powder particles. When the percentage of superfine particles exceeds 10% (rows 7 and 8), the quality of the resulting rare-earth

10
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magnet rapidly declines. Appx86 (col.11:29-50). This is illustrated in the figure
below, which plots the change in an important magnet property (iHc) as a function
of the percentage of super-fine powder using the values from Table 1:

The inventors’ solution went against conventional wisdom at the time of
patenting. Appx83 (col.5:1-14). Removing R-rich powder reduces the overall
concentration of rare-earth element in the powder. Appx82-83 (col.4:66-col.5:1).
But “the rare earth element R is indispensable” for a rare-earth magnet with good
magnetic properties. Appx83 (col.5:3-5). Nevertheless, the inventors showed that
magnetic strength and permanence improved by isolating and removing only the
R-rich super-fine powder. Appx87 (col.13:2-5). Removing the R-rich super-fine
powder also reduced the risk of extreme hazards, such as combustion and
explosion, during the production process. Appx87 (col.13:4-6).

11
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’765 patent claims

Claim 1 is the only independent claim of the ’765 patent. It recites:
A method for manufacturing alloy powder for R—
Fe—B rare earth magnets, comprising a first
pulverization step of coarsely pulverizing a material alloy
for rare earth magnets and a second pulverization step of
finely pulverizing the material alloy,
wherein said first pulverization step comprises a step
of pulverizing the material alloy by a hydrogen
pulverization method, and
said second pulverization step comprises a step of
removing at least part of fine powder having a
particle size of 1.0 μm or less to adjust the particle
quantity of the fine powder having a particle size
of 1.0 μm or less to 10% or less of the particle
quantity of the entire powder.
Appx87 (col.13:21-34).
Dependent claim 3 adds “wherein in said pulverization step, the alloy is
finely pulverized in a high-speed flow of gas.” Appx87 (col.13:40-42). Claim 4
depends from claim 3 and requires that “the gas comprises oxygen.” Appx87
(col.13:43-44).

Claim 11 limits claim 1 by requiring the step of “producing the

alloy for rare earth magnets by cooling a melt of the alloy at a cooling rate in the
range between 102 C./sec and 104 C./sec.” Appx87 (col.14:16-19). Claim 12
further requires that “the melt of the alloy is cooled by a strip casting method.”
Appx87 (col.14:20-21).

12
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’385 patent claims

Claim 1 is the only independent claim of the ’385 patent. It recites:
A method for manufacturing alloy powder for R—
Fe—B rare earth magnets, comprising a first
pulverization step of coarsely pulverizing an R—Fe—B
alloy for rare earth magnets produced by a rapid cooling
method and a second pulverization step of finely
pulverizing the material alloy,
wherein said second pulverization step comprises a
step of removing at least part of the powder in
which the concentration of rare earth element is
greater than the average concentration of rare earth
element contained in the entire powder.
Appx76 (col.13:19-29).
Claim 5 further requires “the step of producing the R—Fe—B alloy for rare
earth magnets by cooling a molten material alloy at a cooling rate in a range
between 102 C./sec and 104 C./sec.” Appx76 (col.14:1-4). Claim 6 further
requires that “the molten material alloy is cooled by a strip casting method.”
Appx76 (col.14:5-6).
D.

The Prior Art

The Board’s decisions are based on disclosures from the following prior art
references.
Ohashi:

U.S. Patent No. 4,992,234 (“Ohashi”) discloses a method for

preparing sintered rare-earth magnets that involves traditional ingot casting, rather
than rapid cooling, to produce the alloy. Appx698 (col.3:35-43). In ingot casting,

13
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molten alloy is poured into a cast and allowed to cool at a rate on the order of a few
degrees Celsius per second. Appx945-946. Ingot cast alloys have a different
material microstructure from rapidly cooled alloys: the ingot cast method produces
alloys with larger grain sizes, which affects the subsequent pulverization steps and
the ultimate magnetic properties of the final product. Appx946. To compensate
for this different resulting material microstructure, a different composition of
starting materials must be used for ingot casting compared to rapid cooling.
Appx946. Moreover, rather than using hydrogen to pulverize the alloy, Ohashi
discloses mechanically pulverizing the cast alloy, such as by using a stamp mill or
jaw crushers. Appx698 (col.4:37-44).
As part of its process, Ohashi states that the pulverized alloy powder should
be classified by particle size. Appx697 (col.2:45-46), Appx698 (col.4:14-18).
Ohashi discloses removing particles with a diameter smaller than 2 μm or greater
than 20 μm.

Appx697 (col.2:45-46), Appx698 (col.4:14-18).

According to

Ohashi, pulverized powders with small particle size “are highly susceptible” to
oxidation because of the large surface area relative to powder volume. Appx698
(col.3:35-42). Ohashi states that applying its process should cause “only a minor
material loss.” Appx698 (col.3:60-65).
Hasegawa:

Hasegawa is an unexamined Japanese patent application

relating to a method for manufacturing rare-earth magnets, which begins with an

14
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ingot cast alloy. Appx688-689. Hasegawa discloses that the ingot-cast alloy can
be pulverized using hydrogen. Appx690. The pulverized powder has “a multiphase crystal structure.” Appx689. The main phase is R2Fe14B, which is the
primary driver of magnetic properties. Appx689. There is also a “rare earth-rich
phase” that is more easily pulverized and oxidizes more readily than the main
phase. Appx689. Hasegawa discloses using a classifier to identify and remove
pulverized powder particles smaller in size than a certain threshold. Appx689-690.
He: He is a trade journal article that has been translated from Chinese.
Appx704-707.

It describes the use of a closed-loop commercial system for

processing powder for sintered rare-earth magnets. Appx704. The commercial
system includes a “cyclone separating device with gas,” which filters “[u]ltra-fine”
powders. Appx705-706. He instructs that the starting alloy should be “made from
smelting method or quick quenching or reduction diffusion.” Appx705.
Yamamoto: U.S. Patent No. 5,383,978 (“Yamamoto”) discloses a method
for manufacturing rare-earth magnets. Appx712-718. The method may include
producing an alloy ingot by cooling a molten alloy at a cooling rate in the range of
“10 to 1000 C./sec.” Appx712 (Abstract). A molten alloy can be cooled by strip
casting to achieve this rate. Appx716 (col.6:16-29).
Kishimoto: U.S. Patent No. 5,486,224 (“Kishimoto”) discloses a powder
mixture for sintered rare-earth magnets. Appx2473-2485. The Alliance and the

15

Case: 16-1824

Document: 24

Page: 24

Filed: 09/16/2016

Case: 16-1824

1.

Document: 24

Page: 25

Filed: 09/16/2016

’385 patent claims

The Board concluded that claims 1, 5, and 6 would have been obvious in
light of Hasegawa and Yamamoto. The Board concluded that Hasegawa discloses
the elements of independent claim 1 except that it does not disclose an alloy
produced by a rapid cooling method. Appx10. The Board relied on Yamamoto’s
disclosure of a rapid cooling method. Appx10-11. The dispute thus focused on
whether one of skill would have combined the disclosures from Hasegawa and
Yamamoto.
Hitachi Metals presented evidence that a person of ordinary skill would not
have reasonably expected success from the combination: modifying Hasegawa’s
method to use Yamamoto’s rapidly cooled alloy would have resulted in greatly
diminished yield and would have produced poorer quality magnets. Appx12-13.
But the Board disregarded this evidence, reasoning that “[w]hether implementation
of Yamamoto’s rapid cooling method makes commercial sense does not control the
obviousness determination.”

Appx13 (emphasis added).

The Board faulted

Hitachi Metals for not presenting evidence that there would have been “some
technological incompatibility” in the combination, that combining elements would
have been “unpredictable in some way,” or that one of ordinary skill “would not
have known how to use Yamamoto’s rapid cooling method with Hasegawa’s
pulverization and particle classification techniques.” Appx13-14.
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Ruling that a person of ordinary skill would have combined Hasegawa and
Yamamoto, the Board repeated the Alliance’s expert’s conclusory opinion that “the
claims represent the combination of prior art elements according to known
methods to yield a predictable result.”

Appx14.

Beyond that boilerplate

conclusion, the only explanation provided by the Board for the combination is that
“design incentives, such as the provision of a ‘lower cost, more productive
[process] better suited for higher volume manufacturing’ would have led one of
ordinary skill to pursue” the combination. Appx14-15 (quoting the Alliance’s
reply brief at Appx375; alteration in Board opinion). In other words, the Board
reasoned that combining the references would have made commercial sense—
despite that, in disregarding Hitachi Metals’ evidence, the Board had ruled that
“commercial sense” was irrelevant. Appx13.
The Board reached the same conclusion for the same reasons with regard to
obviousness of claims 1, 5, and 6 in light of Ohashi and Yamamoto.

It

acknowledged Hitachi Metals’ evidence that one of ordinary skill would have
regarded the combination of elements disclosed in the two references as a failure.
Appx18. But the Board again dismissed that evidence as irrelevant “[f]or the same
reasons as described above in connection with the challenge based on the
combination of Hasegawa and Yamamoto.”

Appx18.

And the Board again

pointed to “design incentives” as the benefit to combining the references. Appx19.
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The Board also held that claims 5 and 6 would have been obvious over
Yamamoto and He. The Board initially found that the Alliance failed to provide
evidence supporting combining Yamamoto’s method of producing an alloy with
He’s production process. Appx25. The Alliance’s rationale—that the combination
would produce a more uniform alloy for pulverization—“lack[ed] evidentiary
rational underpinning.” Appx25. Nevertheless, the Board concluded that the
claims would have been obvious because “the claimed elements (i.e., steps) are
known in the art, albeit not combined in a single reference, and are used for their
known purpose.” Appx25.
Finally, the Board concluded that He anticipated claim 1. Appx20-23. The
Board’s conclusion was based on its construction of “rapid cooling method” as
including “super-rapid cooling methods,” thus disagreeing with Hitachi Metals’
assertion that one of ordinary skill in the art would understand rapid cooling and
super-rapid cooling to be distinct. Appx7-8. Based on that construction, the Board
concluded that He’s disclosure of using alloys prepared by quick quenching was
within the scope of claim 1’s “rapid cooling method.” Appx21-22. It reached that
conclusion despite acknowledging evidence that quick quenching involved cooling
rates that were hundreds of times faster than the rapid cooling rates in the ’385
patent. Appx21.
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’765 patent claims

The Board’s final written decision held unpatentable claims 1-4, 11, 12, and
14-16 of the ’765 patent based on the combination of Ohashi and Hasegawa, either
alone or with other references.

Appx64.

The Board concluded that Ohashi

disclosed every step of claim 1 except pulverizing an alloy using hydrogen to
create a coarse powder and that Hasegawa disclosed hydrogen pulverization.
Appx39. The Board held that one of ordinary skill would have combined these
steps because hydrogen pulverization is “able to more easily crush the material
alloy” and the result would be “the combination of known prior elements to
achieve a predictable result.” Appx40.
The Board disagreed with Hitachi Metals’ additional assertion that
dependent claim 4 is patentable. Appx50-53. Claim 4 requires a fine pulverization
step wherein “the alloy is finely pulverized in a high-speed flow of gas” and the
“gas comprises oxygen.” Appx87 (col.13:40-44). The Board agreed with Hitachi
Metals that Ohashi did not disclose using oxygen when finely pulverizing alloy
powder but instead disclosed using an air stream only for “particle classification,”
which does not occur until after the powder has already been finely pulverized.
Appx51. Yet the Board held that Ohashi’s disclosure met claim 4’s requirement,
based on a brand new claim construction that was never mentioned in the Board’s
institution decision and had never been raised until the Alliance’s reply brief.
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Appx51-52, Appx1971, Appx1935-1936, Appx1796-1797, Appx2029-2030,
Appx2109. Specifically, the Board construed claim 4’s fine pulverization step to
cover both fine pulverization and particle classification. Appx51-52.
The Board also disagreed with Hitachi Metals’ argument that claims 11 and
12 would not have been obvious over the combination of Ohashi, Hasegawa, and
Yamamoto. As it did with regard to the same art and the similar claims of the ’385
patent, Hitachi Metals produced evidence showing that combining steps from these
three references in the manner proposed by the Alliance would have been regarded
as a failure by a person of ordinary skill in the art. Appx56-58. The Board again
dismissed Hitachi Metals’ evidence as going only to whether the combination
made “commercial sense,” which it held “does not control the obviousness
determination.” Appx59. Yet the Board simultaneously relied on the Alliance’s
conclusory assertion that a person of skill would have pursued the combination
because of “design incentives, such as the provision of a ‘lower cost, more
productive [process] better suited for higher volume manufacturing.’ ” Appx60
(alteration in Board opinion).
SUMMARY OF ARGUMENT
I.

The Board erred in canceling the challenged claims of the ’385 patent.

The Board erroneously concluded that claims 1, 5, and 6 of the ’385 patent
would have been obvious in light of the combined disclosures of Hasegawa and
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Hitachi Metals presented overwhelming evidence showing that a

person of ordinary skill in the art would not have pursued such a combination and
would have expected the combination to be a failure. The Board dismissed this
evidence as irrelevant, wrongly reasoning that these shortcomings went only to
“commercial success.” Yet the only reason the Board concluded that a person of
ordinary skill would have pursued the combination was because it purportedly
would have provided a lower cost, more productive process for high-volume
manufacturing of rare-earth magnets—i.e., to achieve commercial advantages.
Because Hitachi Metals’ evidence was directly relevant and contrary to that
conclusion, this Court should reverse.
The Board relied on the same flawed analysis in concluding that claims 1, 5,
and 6 of the ’385 patent were obvious in view of Ohashi and Yamamoto. Its
conclusion with respect to that combination should be reversed for the same
reason.
The Board also erred in concluding that claims 5 and 6 of the ’385 patent
would have been obvious based on the combined disclosures of He and Yamamoto.
The Board’s stated motivation lacks evidentiary support. The Board explicitly
rejected the Alliance’s proffered motivation for that very reason—the Alliance
offered no evidence.

Yet the Board inexplicably supplied its own substitute

motivation, that the claims were “the combination of prior art elements according
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to known methods to yield a predictable result.” But the Board cited no evidence
for its newfound motivation. Nor is there any.
Finally, the Board erred in concluding that He anticipated claim 1 of the
’385 patent.

The Board’s conclusion depended entirely on its incorrect

interpretation of the claim limitation “rapid cooling method.”

The Board’s

construction included cooling methods that are not “rapid” but are what one of skill
in the art would have understood as “super-rapid” cooling methods. Properly
construed, He does not disclose a “rapid cooling method.”
II.

The Board also erroneously held unpatentable the challenged claims

of the ’765 patent.
The Board erred by concluding that claims 1-4, 11, 12, and 14-16 would
have been obvious based on elements from Ohashi and Hasegawa. There is no
evidence that an ordinary artisan would have combined Ohashi and Hasegawa to
produce a predictable result.

Instead of requiring such evidence, the Board

wrongly shifted the burden to Hitachi Metals to disprove obviousness. Yet Hitachi
Metals produced unrebutted evidence showing that an ordinary artisan could not
have predictably made the combination.
The Board also erred in concluding that Ohashi meets claim 4. Its final
decision adopted an entirely new interpretation of that claim’s scope, failing to
give Hitachi Metals timely notice of or an opportunity to respond to the issue of

23

Case: 16-1824

Document: 24

Page: 32

Filed: 09/16/2016

claim 4’s scope. Regardless, the Board’s construction is wrong. Claim 4 requires
finely pulverizing an alloy in a high-speed flow of gas comprising oxygen. Yet the
Board held that the claim reached using oxygen to remove already finely
pulverized alloy.

Ohashi never disclosed using a high-speed flow of gas

comprising oxygen to finely pulverize an alloy and thus cannot meet claim 4 as
properly construed.
Finally, the Board committed the same error with regard to obviousness of
claims 11 and 12 of the ’765 patent that it committed with regard to obviousness of
claims 5 and 6 of the ’385 patent. It relied on the same art and the same reasoning
to conclude that claims of both patents would have been obvious. That reasoning
and art are just as deficient with regard to the ’765 patent as they are with regard to
the ’385 patent.
STANDARD OF REVIEW
The Court reviews the Board’s conclusions of law de novo and its findings
of fact for substantial evidence. In re Gartside, 203 F.3d 1305, 1316 (Fed. Cir.
2000). Claim construction is a question of law that may involve underlying fact
finding. Microsoft Corp. v. Proxyconn, Inc., 789 F.3d 1292, 1297 (Fed. Cir. 2015).
During an inter partes review, the Board gives claim terms their broadest
reasonable interpretation consistent with the specification. Cuozzo Speed Techs.,
LLC v. Lee, 136 S. Ct. 2131, 2144-45 (2016).
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Obviousness is a question of law based on underlying findings of fact,
including the scope and content of the prior art, whether there existed a motivation
to combine elements from the prior art to achieve the claimed invention, and
whether there would have been a reasonable expectation of success in doing so.
Leo Pharm. Prods., Ltd. v. Rea, 726 F.3d 1346, 1353, 1357 (Fed. Cir. 2013).
ARGUMENT
I.

THE BOARD’S CONCLUSIONS OF UNPATENTABILITY FOR THE
CHALLENGED CLAIMS OF THE ’385 PATENT SHOULD BE
REVERSED
The Board articulated two grounds of unpatentability that apply to

independent claim 1 and dependent claims 5 and 6 of the ’385 patent:
(1) obviousness in view of Hasegawa combined with Yamamoto and
(2) obviousness in view of Ohashi combined with Yamamoto. It articulated a third
ground that applies only to claims 5 and 6: obviousness in view of He combined
with Yamamoto. And a fourth ground applies only to claim 1: anticipation by He.
None of these rulings should stand.

For the first three grounds, the Board

erroneously disregarded Hitachi Metals’ overwhelming evidence and provided no
sound basis for ruling that a person of ordinary skill would have combined the
references. And the Board’s anticipation holding is based on an unreasonably
broad claim construction.
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The Board’s Obviousness Conclusions Should Be Reversed
1.

The Board erroneously held that an ordinary artisan would
have combined the disclosures of Hasegawa and Yamamoto

First, the Board erroneously ruled claims 1, 5, and 6 unpatentable based on
the combination of Hasegawa and Yamamoto.
a.

Hitachi Metals submitted compelling evidence
showing that a person of skill in the art would have
regarded the combination a failure

Hasegawa discloses a method of making alloy powder for rare-earth
magnets that uses a solid alloy produced by standard ingot casting but does not
include a “rapid cooling method” as required by claim 1. Appx10. Yamamoto
discloses producing an ingot by rapid cooling—“melting a rare earth metal-iron
alloy to obtain a molten alloy and solidifying the molten alloy uniformly at a
cooling rate of 10 to 1000 C./sec.” Appx10 (quoting Appx714 (col.2:34-36)).
The Board erroneously held it would have been obvious to use Yamamoto’s rapidcooling method in Hasegawa’s alloy-production process.
Although it was not its burden to do so, Hitachi Metals submitted
compelling evidence showing that an ordinary artisan would have expected that
transplanting the cooling method from Yamamoto to Hasegawa’s process would
have been unsuccessful and that an artisan thus would not have combined these
process steps in this way. According to Hitachi Metals’ evidence, the differing
methods for forming ingots used by Hasegawa and Yamamoto produce solidified
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As explained in the ’385 patent, during hydrogen pulverization

hydrogen gas reacts with the R-rich phase regions to cause cracking along the edge
of the main-phase grains.

Appx70 (col.2:5-17); see also Appx1305-1306

(Alliance’s expert explaining same). The hydrogen also reacts directly with the
main-phase grains and causes further cracking.

Appx1437.

When hydrogen

pulverization is applied to a rapidly cooled alloy, cracking occurs along grain
boundaries (where R-rich phrase regions are uniformly distributed). This results in
a powder with relatively uniform particle size and shape—i.e., a narrow
distribution of particle diameter sizes and shapes. Conversely, pulverizing an ingot
cast alloy (i.e., not a rapidly cooled alloy) with hydrogen produces a broad
distribution of particle shapes and sizes. Appx949 (¶41), Appx1443. The varying
shapes and sizes occur because of the randomly distributed R-rich phase regions.
Changing how the alloy is prepared would have profound consequences for
Hasegawa’s method. Hasegawa explains that it is critical to discard particles with
a diameter smaller than roughly 5 µm. Appx688 (Abstract), Appx689-691 (¶¶4, 68, 12). When the distribution of particle sizes is broad, as it is for Hasegawa’s
ingot cast alloy, this approach leads to discarding only a small portion of the
powder, and sufficient powder remains to be used in producing magnets. But with
a narrow distribution of particle sizes, as occurs with Yamamoto’s rapidly cooled
alloy, Hasegawa’s approach of discarding particles with diameters below roughly
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5 µm would require throwing out large portions of alloy powder. Hitachi Metals’
expert calculated that using rapidly cooled alloys in Hasegawa would require
discarding more than half of the resulting powder, based on published data
regarding particle size distributions. Appx969-971 (¶¶89-91 (citing published data
at Appx1481)). And the Alliance failed to produce any evidence controverting that
conclusion.
A person of ordinary skill would have viewed the result of combining
Hasegawa and Yamamoto as a failure. Rare-earth elements are expensive, and an
ordinary artisan would have avoided discarding half of the starting material.
Appx971 (¶92). Indeed, the Alliance’s expert agreed that whether a process like
that in Hasegawa, Yamamoto, or the ’385 patent yielded a high number of magnets
for a given amount of starting material was “an important consideration.”
Appx1328-1329. Moreover, the discarded rare-earth rich powder would have been
extremely hazardous, as it would have been prone to combustion when exposed to
air, possibly leading to explosions.

Appx971 (¶92); see Appx2743.

Safely

disposing of this highly flammable waste would have been costly. Appx971 (¶92).
Furthermore, discarding such a significant portion of the rare-earth rich
material would have led to poorer quality magnets. Appx971 (¶93). The inventors
of the ’385 patent carefully calibrated their claimed method to remove only
“powder in which the concentration of rare earth element is greater than the
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average concentration of rare earth element contained in the entire powder.”
Appx76 (col.13:26-30). But using a rapidly cooled alloy in Hasegawa’s process
would not be calibrated for that purpose. Instead, it would lead to discarding
significant portions of fine-particle powder with the desired main-phase crystalline
structure. Appx971 (¶93). The remaining powder would thus lack the desired
microstructure for producing high-quality rare-earth magnets.
This evidence should have compelled the Board to conclude that one of
ordinary skill would not have combined Hasegawa and Yamamoto but would have
expected that combination to be a failure.
b.

The Board erroneously rejected Hitachi Metals’
evidence

Despite Hitachi Metals’ overwhelming evidence that Hasegawa and
Yamamoto would not have been combined, the Board concluded that the
combination was obvious. It stated that “the claims represent the combination of
prior art elements according to known methods to yield a predictable result.”
Appx14 (citing KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 416-17 (2007)).
According to the Board, “[t]his is itself a sufficient reason with rational
underpinning to support a conclusion of obviousness.” Appx14.
But the Board’s boilerplate recitation that the claims combine known
methods to yield a predictable result is a conclusion, not a reason. That mere
conclusion, without more, is not enough to sustain an obviousness determination.
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As this Court has explained, the passage from KSR that the Board cited “does not
establish that it suffices for obviousness that a variation of the prior art would
predictably work.” Belden v. Berk-Tek LLC, 805 F.3d 1064, 1075 (Fed. Cir.
2015); see also In re Warsaw Orthopedic, Inc., --- F.3d ----, 2016 WL 4191193, at
*6 (Fed. Cir. Aug. 9, 2016) (holding that a lone “conclusory assertion” did “not
equate to the reasoned explanation needed to support [the Board’s] conclusion”).
Instead, an obviousness determination must rest on evidence that “the hypothetical
skilled artisan would recognize the potential benefits and pursue the variation.”
Belden, 805 F.3d at 1075; see DePuy Spine, Inc. v. Medtronic Sofamor Danek,
Inc., 567 F.3d 1314, 1326 (Fed. Cir. 2009) (patent’s challenger must prove with
evidence “that prior art elements are capable of being physically combined, [and]
also that the combination would have worked for its intended purpose”).
The only other explanation for the combination that the Board gave—
beyond the boilerplate recitation—was that it would have been commercially
advantageous.

The Board credited the Alliance’s bald assertion that “design

incentives, such as the provision of a ‘lower cost, more productive [process] better
suited for higher volume manufacturing’ would have led one of ordinary skill to
pursue the predictable combination of elements.”

Appx14-15 (quoting the

Alliance’s reply brief at Appx375; alteration in Board opinion).
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But as discussed above, Hitachi Metals had proffered overwhelming
evidence showing that none of those outcomes was predictable. A person of
ordinary skill would have expected the combination to be a failure, resulting in
poorer quality magnets lacking the desired microstructure, all the while requiring
the discarding of half of the starting material and producing hazardous, explosive
waste. Supra Part I.A.1.a.
The Board dismissed Hitachi Metals’ evidence out of hand and made no
contrary finding. It stated that the evidence goes only to whether the combination
would have made “commercial sense,” not to whether the combination was
technologically infeasible. Appx13. But because the Board’s only non-conclusory
reason for holding that an artisan would have combined the references was that
doing so supposedly would have been commercially advantageous, it was legal
error for the Board to disregard Hitachi Metals’ evidence as showing only an
allegedly irrelevant lack of commercial success.
Indeed, in nearly identical circumstances, this Court has reversed. In Institut
Pasteur & Universite Pierre Et Marie Curie v. Focarino, the patent claimed a
method of producing chromosomal DNA in yeast cells. 738 F.3d 1337, 1345-46
(Fed. Cir. 2013).

The patent owner’s evidence showed that the proposed

combination of prior art would have been lethal to the cells.

The Board

disregarded this evidence because the claims “do not expressly require that the
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According to the Board, the proposed

combination would have been technologically feasible because it would have
produced chromosomal DNA even though it killed the yeast cells. Yet the Board
simultaneously found that one of skill in the art would have been motivated to
make the combination by the desire to create “ ‘a chosen gene in situ within the
chromosomes of a living animal cell.’ ” Id. (quoting prior art).
This Court reversed, holding that the Board had erred by concluding that one
of ordinary skill would have been motivated by the goal of creating chromosomes
in living cells while simultaneously ignoring evidence that an ordinary artisan
would not have expected the proposed combination to achieve that goal. The
Court explained that the Board’s “expectation-of-success analysis must match the
highly desired goal, not switch to a different goal.” Id. (citing KSR). Unless the
Board gives some reasoned basis for a different goal, the “success” that is relevant
must be the alleged goal that would have motivated one of skill in the art to
combine disparate elements to arrive at the claimed invention. Id. The Board thus
erred by disregarding without explanation evidence that one of skill in the art
would not have reasonably expected success in achieving that goal. Id.
The Board repeated the same error here. As in Focarino, the Board engaged
in a bait and switch with the evidence regarding reasonable expectation of success
and motivation to combine. The only goal that the Board identified as one that
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would have motivated combining Hasegawa and Yamamoto in the proposed
manner was the goal of a cost-effective, productive process for high-volume
manufacturing. Yet the Board dismissed Hitachi Metals’ substantial evidence that
the combination would have led to an unproductive, costly process that produced
inferior magnets.

Appx13.

Focarino establishes that such reasoning cannot

support a conclusion of obviousness. The Board’s rejection of Hitachi Metals’
evidence was legally erroneous, and its conclusion that claims 1, 5, and 6 are
obvious over Hasegawa and Yamamoto should be reversed.
2.

For the same reasons, the Board erroneously held that one of
ordinary skill would have combined Ohashi and Yamamoto

Second, the Board applied its same legally erroneous reasoning to hold
claims 1, 5, and 6 obvious over Ohashi and Yamamoto. Like Hasegawa, Ohashi
discloses a method that uses standard ingot cast alloys, not alloys produced by a
rapid cooling method.

Appx699 (col.6:31-39); see also Appx17 (Board

concluding same). The Board relied on Yamamoto as disclosing ingots produced
by rapid cooling. Appx17-18.
Hitachi Metals’ evidence again conclusively showed that a person of skill in
the art would not have joined Yamamoto’s rapidly cooled alloy with Ohashi’s
powder-preparation process.

The evidence specifically showed that one of

ordinary skill would not have expected the combination to achieve the goal of a
more cost-effective manufacturing process to produce high-quality rare-earth
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magnets. Altering Ohashi’s process to use a different starting alloy would result in
discarding more than twice as much powder than before. Appx973-975 (¶¶98-100)
(Hitachi Metals’ expert explaining the calculations and basis for conclusion). As
explained above with regard to Hasegawa, that dramatic increase in discarded
powder would be costly, both economically and by producing an inferior rare-earth
magnet. Supra pp. 26-30; Appx975-976 (¶¶101-02). The expected resulting costs
and inferior product thus would have led one of skill in the art to view the
proposed combination as a failure.
The Board acknowledged this evidence but failed to articulate any logical or
rational reason for rejecting it. It made no contrary finding. Appx18. It instead
simply repeated its flawed conclusion regarding Hasegawa:
For the same reasons as described above in connection
with the challenge based on the combination of
Hasegawa and Yamamoto, Patent Owner’s arguments do
not persuasively rebut Petitioner’s rationale relating to
the combination of prior art elements according to known
methods to yield a predictable result in light of design
incentives that would have prompted one of ordinary
skill in the art to pursue the predictable combination.
Appx18. The Board accepted the Alliance’s conclusory assertions regarding cost,
efficiency, and quality of end-product as “design incentives” that would have
motivated an ordinary artisan to combine disparate elements from different
references.

Appx18.

Yet it again dismissed as irrelevant Hitachi Metals’

overwhelming evidence that the combination would have been prohibitively costly
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and inefficient and would have resulted in an inferior end-product. The Board thus
failed to support its conclusion with rational underpinnings, and this Court should
reverse the Board’s conclusion. See Focarino, 738 F.3d at 1346.
3.

The Board also erroneously held that a person of ordinary
skill would have combined He and Yamamoto

Third, the Board erred in concluding that dependent claims 5 and 6 would
have been obvious in view of the disclosures of He and Yamamoto. Despite
finding that the Alliance failed to offer evidence supporting a motivation for
combining these disclosures, the Board accepted the Alliance’s conclusory
assertion that “one of ordinary skill in the art would have pursued the predictable
combination.” Appx26. Such conclusory reasoning is not enough. Warsaw, 2016
WL 4191193, at *6; In re Lee, 277 F.3d 1338, 1342 (Fed. Cir. 2002).
There was no dispute that He did not teach the limitations of claims 5 and 6.
Dependent claim 5 limits the method of claim 1 to “producing the R—Fe—B alloy
for rare earth magnets by cooling a molten material alloy at a cooling rate in a
range between 102 C./sec and 104 C./sec.” Appx76 (col.14:1-4). Claim 6 further
limits claim 5 by adding “wherein the molten material alloy is cooled by a strip
casting method.”

Appx76 (col.14:5-6).

It was undisputed that He discloses

preparing alloys using much faster cooling rates than those in claim 5. Appx23-24.
The Alliance thus relied on Yamamoto as disclosing the limitations of claims
5 and 6. Appx24-25. It argued that an ordinary artisan would have been motivated
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to substitute Yamamoto’s slower cooling rate using strip-casting for He’s super
rapid cooling rate “to pulverize a more uniform material alloy.” Appx24 (quoting
Appx196).
The Board rejected the Alliance’s asserted motivation:

“[W]e are not

persuaded that Petitioner has explained sufficiently how utilizing Yamamoto’s
particular cooling rate would result in a more uniform alloy.” Appx25. As Hitachi
Metals explained, one of ordinary skill would not be motivated to replace He’s
quick quenching method with the slower cooling methods disclosed in Yamamoto,
because that substitution “ ‘would actually result in a less homogenous material
alloy.’ ”

Appx24 (quoting Appx328).

The Board accordingly found that the

Alliance’s articulated rationale “lacks evidentiary rational underpinning.” Appx25.
Despite finding that the Alliance failed to meet its evidentiary burden, the
Board proceeded to hold the claims unpatentable anyway. The Board stated that
the Alliance had supported the conclusion of obviousness with the alternative
rationale that the claims were “the combination of prior art elements according to
known methods to yield a predictable result.” Appx25 (citing Appx197).3 But,
again, that is not a reason supporting a conclusion of obviousness; it is simply a
3

The Board stated that the Alliance articulated this alternative rationale in
its petition. Appx25 (citing Appx197). Yet the petition presents no such
argument. It provides only one rationale for combining He and Yamamoto—the
rejected rationale of “pulveriz[ing] a more uniform material alloy.” Appx196-197.
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boilerplate conclusion. As this Court has admonished, KSR “does not establish
that it suffices for obviousness that a variation of the prior art would predictably
work.” Belden, 805 F.3d at 1075. Instead, a party asserting obviousness must
point to evidence that “the hypothetical skilled artisan would recognize the
potential benefits and pursue the variation.” Id.
But the Board did not cite a shred of evidence that supports its conclusion
that altering He to use Yamamoto’s strip-cast alloy would have been predictable.
Appx26. To be sure, it cited the Alliance’s expert’s declaration at Appx682-683
(¶93). But that declaration provides no support: the Alliance’s expert simply
stated without elaborating that “one of ordinary skill would have been motivated to
combine these prior art teachings of Hasegawa [sic] and Yamamoto according to
known methods to yield predictable results.” Appx682-683. He provided no
support for that conclusory opinion. Appx682-683. And the attorney argument
from the Alliance’s reply brief that the Board cited (Appx384) did not even discuss
the predictability of combining elements from He and Yamamoto.
Moreover, the actual record evidence shows that changing how the alloy is
prepared alters the alloy’s structural properties, which ultimately affects the
processing steps that must be used to create an alloy powder for sintered rare-earth
magnets. Appx1431 (article by Alliance’s expert explaining how alloy preparation
alters structure and stating that “the processing route used to fabricate the
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permanent magnet is critical”). And making those changes can have the same
undesirable consequences discussed above. See supra Part I.A.1.a.
Because no evidence supports the Board’s ipse dixit statement that the
claims are the predictable combination of known elements, the Board’s conclusion
of unpatentability for obviousness based on He and Yamamoto should be reversed.
*

*

*

For the above reasons, the Board’s cancellation of claims 5 and 6 should be
reversed.
B.

The Board’s Anticipation Holding Was Based On An
Unreasonably Broad Claim Construction And Should Be
Reversed

The Board’s fourth ground of unpatentability, which applies only to claim 1,
also was erroneous. The Board held that He anticipated claim 1 by unreasonably
construing “rapid cooling method” to reach methods that a person of skill in the art
would not have considered “rapid” but rather would have understood to fall within
the distinct set of cooling methods known as “super rapid.” He does not disclose
the “rapid cooling method” as properly construed and thus cannot anticipate.
1.

A “rapid cooling method” does not include cooling at rates
that one of skill in the art would not consider “rapid”

Claim 1 requires pulverizing “an R—Fe—B alloy for rare earth magnets
produced by a rapid cooling method.” Appx76 (col.13:19-22). Claim terms take
their “ordinary and customary meaning” as would be understood by one of
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ordinary skill in the art at the time of invention. In re Translogic Tech., Inc., 504
F.3d 1249, 1257 (Fed. Cir. 2007) (citing Phillips v. AWH Corp., 415 F.3d 1303,
1312-13 (Fed. Cir. 2005) (en banc)). The ordinary meaning of claim 1 is that it
requires producing an alloy using a method that cools the alloy at a rate that one of
skill in the art would consider “rapid.”
The term “rapid” cooling method had a well understood meaning in the
context of preparing alloys for sintered rare-earth magnets. As discussed below, at
the time of the invention, one of skill in the art would have recognized three
distinct categories of methods for preparing such alloys, each category involving a
materially different alloy cooling rate: (1) traditional cooling methods such as
ingot casting; (2) rapid cooling methods such as strip casting; and (3) super-rapid
cooling methods such as melt spinning. The claimed “rapid cooling method”
includes only the second category. But the Board stretched the claims to reach the
third.
The specification consistently uses “rapid cooling method” to refer
exclusively to the second category, not the third. It explains that “a rapid cooling
method” is “typified by a strip casting method and a centrifugal casting method.”
Appx70 (col.1:36-47). And the specification defines the range of cooling rates
covered by the term “rapid cooling”: “In the rapid cooling method, the molten
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alloy is cooled at a rate in the range between 102 C./sec and 104 C./sec.” Appx70
(col.1:36-47).
The specification distinguishes a rapid cooling method from other types of
alloy-preparing methods.

Appx70 (col.1:36-47).

Distinguishing traditional

cooling methods, the specification explains that the “ingot casting method” is a
first type “where a molten alloy is poured into a mold and cooled comparatively
slowly.” Appx70 (col.1:36-47). It distinguishes that method from a “rapid cooling
method,” which is a “second type” and involves cooling the molten alloy “at a rate
in the range between 102 C./sec and 104 C./sec.” Appx70 (col.1:36-47); see also
Appx655-656 (Alliance’s expert making same distinction).

A rapid cooling

method thus differs from traditional ingot-casting methods not just in the process
used but also in that it involves cooling the alloy at a different rate. And that
difference in cooling rate leads to differences in material microstructure. Appx70
(col.1:64-67); see also supra pp. 27-28 (explaining same).
Other unrebutted record evidence likewise shows that a rapid cooling
method is distinct from super-rapid cooling methods. For example, Hasegawa
explains that “super-rapid cooling” was different from “conventional powder
metallurgy,” such as ingot casting (a traditional cooling method) or strip casting (a
rapid cooling method). Appx689 (¶2). The Alliance’s expert confirmed that
distinction:
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Q: How would one of ordinary skill in the art, at the
time of the invention, understand the super-rapid
cooling referred to in this sentence [in ¶2 of
Hasegawa] to mean?
A: One of ordinary skill would, in my opinion, would
understand this to mean it’s a process that was
invented by General Motors.
Q: What is that process called?
A: Well, the – it acquired the trade name of
Magnequench. M-A – M-A-G-N-E-Q-U-E-N-C-H.
Q: Is that process sometimes referred to as melt
spinning?
A: The process to make the – the alloy powder – alloy
flakes to produce a Magnequench magnet is produced
by – it’s known as – it’s been referred to as melt
spinning or jet casting.
Appx1271-1272. A published article by the Alliance’s expert explained that meltspinning involved cooling rates in excess of 106 C/s. Appx1431.4 And that article
emphasized that “the processing route used to fabricate the permanent magnet is
critical” in determining the microstructure of the resulting alloy and, ultimately, the
properties of the finished magnet. Appx1431; see also Appx965-966 (¶¶81-82)
(Hitachi Metals’ expert concluding same).
Indeed, the distinction between cooling rates (normal, rapid, super-rapid)
and the resulting difference in alloy microstructure is well-documented.
4

The article expressed the rate in K/s (Kelvins per second). A change in one
Kelvin is equivalent to a change in one degree Celsius.
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Appx1537-1539. As the below figure illustrates, a person of skill in the art would
have understood that manufacturers use cooling rates in different ranges to achieve
different results:

Appx1538.
One of ordinary skill in the art thus would have understood that “rapid
cooling method” refers to a class of methods categorized by their cooling rate. The
claim language, specification, and evidence of record all confirm that the cooling
rate is the distinguishing feature between the three categories of alloy production
known at the time of the invention. And that same evidence shows that one of skill
in the art would have understood “rapid cooling method” to mean a method that
cools an alloy faster than ingot casting (on the order of a few degrees per second)
but not so fast that it exceeds rapid cooling and enters the domain of super-rapid
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cooling (on the order of 105 degrees per second or faster). The Board erred by
stretching its construction to reach cooling rates that one of ordinary skill in the art
would consider in excess of “rapid.” Appx22-23 (holding that “melt spinning”
with cooling rates in excess of 106 degrees per second is a rapid cooling method).
The Board was wrong to think that claim differentiation required it to ignore
the distinction between rapid cooling methods and super-rapid cooling methods.
Contra Appx8 & n.6. The Board stated that the claims and written description
could support an inference that “rapid cooling method” is not strictly limited to
cooling rates between 102 and 104 degrees per second because claim 5 limits the
method of claim 1 to producing an alloy “by cooling a molten material alloy at a
cooling rate in a range between 102 C./sec and 104 C./sec.” Appx76 (col.14:1-4);
see Appx8. And the specification states that “[i]n a preferred embodiment, the
material alloy for rare earth magnets is obtained by cooling a molten material alloy
at a cooling rate in a range between 102 C./sec and 104 C./sec.”
Appx71 (col.3:51-54).
Yet any inference that can be drawn from these passages does not support
the Board’s overbroad construction. Claim differentiation “is ‘not a hard and fast
rule.’ ” Marine Polymer Techs., Inc. v. HemCon, Inc., 672 F.3d 1350, 1359 (Fed.
Cir. 2012); see also Fenner Invs., Ltd. v. Cellco P’ship, 778 F.3d 1320, 1326-27
(Fed. Cir. 2015) (claim differentiation “cannot enlarge the meaning of a claim
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beyond that which is supported by the patent documents”). And even if it applied
here, that rule simply would suggest that a “rapid cooling method” may be
somewhat broader than methods that cool at rates between 102 and 104 degrees per
second (above and/or below). But it certainly would not support the Board’s
construction that permitted “rapid cooling” to reach rates in excess of 106 degrees
per second.
2.

He does not anticipate under the proper construction of
“rapid cooling method”

He does not anticipate claim 1 because it discloses only ingot casting and
super-rapid cooling, not a “rapid cooling method” as that term is properly
construed.
He explains that it uses an alloy “made from smelting method or quick
quenching or reduction diffusion.” Appx705. There is no dispute that “smelting
method” refers to ingot casting. Appx1279 (ll.5:10) (Alliance’s expert stating
same). And neither party argued that reduction diffusion refers to a rapid cooling
method. Thus, the only dispute is regarding quick quenching.
The evidence shows that quick quenching refers to melt spinning and
involves super-rapid cooling.

He discloses a jet mill system for Chinese

commercial manufacturing of rare-earth sintered magnets in 1990. Appx704-706;
see also Appx1279 (ll.19:21) (Alliance expert conceding same). In 1990, strip
casting and similar rapid cooling methods were not yet available in China for
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Appx1531 (article published in 2000 stating that

Chinese manufacturers still did not have access to strip casting materials or
methods and would not for at least another year). What was known and available,
however, was the commercialized process of melt spinning known as
Magnequench. Appx1271-1272 (Alliance’s expert explaining link between melt
spinning and Magnequench); Appx1431 (1989 article by Alliance’s expert
discussing melt spinning). And it is undisputed that that process involves cooling
rates at least 100 times faster than any rapid cooling method disclosed in the ’385
patent. Appx1271-1272. He’s quick quenching is therefore not a rapid cooling
method under the correct construction of that term.
The Court should thus reverse the Board’s conclusion that He anticipates
claim 1. Alternatively, and at a minimum, the Court should vacate and remand to
the Board for that determination under a proper construction.
*

*

*

Because He does not anticipate claim 1 under the proper construction of
“rapid cooling method,” and because claim 1 would not have been obvious for the
reasons given in Section I.A.1-2, supra, the Board’s cancellation of claim 1 should
be reversed.
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THE BOARD’S CONCLUSIONS OF UNPATENTABILITY FOR THE
CHALLENGED CLAIMS OF THE ’765 PATENT SHOULD BE
REVERSED
A.

The Board Erroneously Held That The Challenged Claims Are
Obvious Over Ohashi And Hasegawa

The Board’s errors continued with the ’765 patent.

In a single error

undermining all of its conclusions of unpatentability, it held that a person of
ordinary skill would have combined scattered elements from two references to
achieve a predictable result.

But it cited zero evidence supporting the

predictability of that combination. And the Alliance adduced none. The Board’s
decision should be reversed because it failed to require evidence that the asserted
combinations could be combined and would work for their intended purposes.
The ’765 patent claims a method of manufacturing alloy powder that
includes the “step of pulverizing [a] material alloy by a hydrogen pulverization
method.” Appx87 (col.13:26-28). To perform hydrogen pulverization, a solid
alloy is placed in a furnace. Appx2715 (¶38). The furnace is evacuated, heated,
and filled with hydrogen gas. Appx2715 (¶38). As the hydrogen reacts with the
alloy, it reacts more with the R-rich portions of the alloy than with the other
portions and causes the R-rich portions to rapidly expand. Appx2715 (¶¶39-40).
This rapid expansion in effect explodes the alloy into smaller fragments.
Appx2715 (¶40).
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There is no dispute that Ohashi does not disclose the step of pulverizing an
alloy with hydrogen. Appx37, Appx39. Ohashi discloses using only mechanical
pulverization techniques—i.e., physically crushing with stamp mills, jaw crushers,
and the like. Appx37; see also Appx698 (col.4:37-52). For all of the instituted
grounds of unpatentability, therefore, the Alliance asserted that an ordinary artisan
would have modified Ohashi’s method to use the hydrogen pulverization step
disclosed in Hasegawa. Appx39, Appx54, Appx62-63.
The Board erred by accepting these assertions without supporting evidence.
Belden, 805 F.3d at 1075. The Board summarized the rationale for combining
Ohashi and Hasegawa as resting “on hydrogen pulverization being able to more
easily crush the material alloy, as well as the combination of known prior art
elements to achieve a predictable result.” Appx40 (citing Appx1891). Yet the
Alliance offered zero evidence that the combination would have a predictable
result. And the Board pointed to none.
In fact, the only “evidence” the Board cited was a single paragraph from the
Alliance’s expert. Appx40 (quoting and citing Appx2395 (¶71)); Appx47 (citing
and quoting same). But the Alliance’s expert baldly stated that “one of ordinary
skill would have been motivated to combine these prior art teachings of Ohashi
and Hasegawa according to known methods to yield predictable results.”
Appx2395 (¶71). For support, he cited earlier paragraphs of his declaration. But
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those paragraphs provide no support at all; they simply set forth what Ohashi and
Hasegawa separately disclose and state that the references “are in the same field of
making R-Fe-B magnets.”

Appx2392 (¶66), Appx2394-2395 (¶¶70-71).

He

offered no other explanation, nor pointed to any evidence, for how a person of
ordinary skill in the art could have altered Ohashi’s process to substitute hydrogen
pulverization and “yield predictable results.” That is not enough. Belden, 805
F.3d at 1075.
The Board also cited attorney argument based on Hasegawa that hydrogen
pulverization was known and in use. Appx47 (citing Appx2095). But of course
attorney argument is not evidence. And whether something is known does not
establish a reasonable expectation of success; otherwise, the requirement would be
satisfied every time a party shows that the prior art discloses all claim elements.
But that is not the law. The Board itself acknowledged as much in its decision
with respect to the ’385 patent. Appx14 (“[A]n invention composed of several
elements is not proved obvious merely by demonstrating that each of its elements
was, independently, known in the prior art.”).
Lacking evidence for its conclusion, the Board shifted the burden of
patentability onto Hitachi Metals. It faulted Hitachi Metals for failing to prove that
“accounting for differences between the two pulverization mechanisms [in Ohashi
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and Hasegawa] would have been beyond the capability of one of ordinary skill in
the art.” Appx41.
But that gets the burden of persuasion exactly backwards.

It was the

Alliance’s burden to prove, with evidence, that modifying Ohashi to use a different
pulverization technique was within the capability of one of ordinary skill in the art
and would have produced the predicted benefit. In re Magnum Oil Tools Int’l,
Ltd., --- F.3d ----, 2016 WL 3974202, at *8 (Fed. Cir. July 25, 2016) (reversing
Board for “improperly shift[ing] the burden to [the patent owner] to disprove
obviousness”); Intelligent Bio-Sys., Inc. v. Illumina Cambridge Ltd., 821 F.3d
1359, 1367-68 (Fed. Cir. 2016); see 35 U.S.C. § 316(e). And because the Alliance
failed to offer any proof, the Board should have held the claims patentable even if
Hitachi Metals had offered no evidence of its own.

Magnum Oil, 2016 WL

3974202, at *10.
The Board’s failure to require evidence matters.

Unlike the Alliance,

Hitachi Metals did submit evidence that the combination could not be readily done.
The only record evidence thus shows that altering Ohashi to use hydrogen
pulverization would have required more than ordinary skill. Hitachi Metals’ expert
explained that substituting chemical pulverization for mechanical pulverization
would also have required changing the alloy composition in Ohashi for the process
to work. Appx2739 (¶90). This is because hydrogen pulverization disintegrates a

50

Case: 16-1824

Document: 24

Page: 59

Filed: 09/16/2016

solid alloy by reacting with different microstructure features of the alloy in
different ways. Appx2715 (¶¶38-40), Appx2739 (¶91); see also Appx2877-2878
(science journal article explaining same). For hydrogen pulverization to work, the
solid alloy must accordingly be changed to the proper microstructure. Appx2715
(¶¶38-40), Appx2739 (¶¶90-91).
But changing the microstructure of the solid alloy would completely alter
Ohashi’s operating principle. Changing the alloy microstructure (to work with
hydrogen pulverization) and then producing a coarse powder (using hydrogen
instead of mechanical pulverization) would result in powder properties that are
different from those Ohashi intended. The resulting powder particles would be
smaller in size and more uniform in shape. Appx2739 (¶91), Appx2879 (“the final
particle size will depend on the initial grain size of the alloy and on the distribution
of the neodymium-rich phase”).

Yet Ohashi discloses a carefully calibrated

process, arrived at “after extensive investigations,” and designed based on the
particle size and shape distributions that result from preparing and pulverizing an
alloy using the steps Ohashi discloses (i.e., mechanical pulverization). Appx698
(col.3:43-45, col.4:53-64).
Indeed, hydrogen pulverization was already known at the time of Ohashi’s
publishing. The technique had been published as early as 1984. Appx2876. And
in October 1990, just months after Ohashi’s filing date, He discussed its use in
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Appx2459.

Yet the designers of

Ohashi’s process chose not to use it. Instead, they developed a different process
involving different steps from the claimed invention. And the Alliance failed to
produce any evidence that in the ten years between Ohashi’s filing date and the
priority date for the ’765 patent, anyone else combined hydrogen pulverization
with Ohashi’s process. These elements were not combined until the inventors of
the ’765 patent discovered how to control each step of the powder production
process to produce a powder with the best size and distribution for efficiently
fabricating a high-quality rare-earth magnet. See, e.g., Leo Pharm., 726 F.3d at
1356-57 (“elapsed time between the prior art” and a patent’s filing date can be
evidence of non-obviousness).
The Board also relied on its determination of the level of skill in the art.
Appx42. But as the Board itself stated, the adopted level of skill at most showed
that an ordinary artisan “would have knowledge of the differences between
mechanical and hydrogen pulverization techniques, and the resulting material
alloy.”

Appx42; see also Appx36-37 (setting forth same).

Knowledge of

differences between various techniques is not the same as knowledge of how to
accommodate those differences to alter a carefully calibrated process like
Ohashi’s. Moreover, whether a person of skill had knowledge of the differences
between various methods says nothing about whether one of ordinary skill would
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have replaced one method with another with predictable results. But those are the
ultimate issues. 35 U.S.C. § 103(a) (claim is obvious only if “claimed invention as
a whole would have been obvious” to ordinary artisan (emphasis added)). And it
was the Alliance’s burden to prove the factual predicates supporting those issues
by a preponderance of the evidence, not Hitachi Metals’ to disprove. Intelligent
Bio-Sys., 821 F.3d at 1367-68; 35 U.S.C. § 316(e). Contra Appx41-42 (Board
faulting Hitachi Metals for failing to prove that “such changes would have been
beyond the level of ordinary skill in the art”).
Accordingly, the Board’s decision as to all canceled claims of the ’765
patent should be reversed. The Court then would not need to reach the arguments
below relating only to dependent claims 4, 11, and 12.
B.

The Board Erred By Canceling Claim 4 Because Ohashi Does Not
Disclose The Use Of Oxygen To Finely Pulverize The Alloy
Powder

The Board’s cancellation of claim 4 should be reversed for an additional
reason: the Board erroneously concluded that Ohashi discloses fine pulverization
of an alloy powder using a high-speed flow of gas comprising oxygen.

As

discussed below, there are two independent reasons the Board’s decision cannot
stand.

53

Case: 16-1824

1.

Document: 24

Page: 62

Filed: 09/16/2016

The Board erred by denying Hitachi Metals its procedural
right to notice of and an opportunity to respond to the issue of
the proper scope of claim 4

First, the Board based its conclusion on a new claim interpretation in its final
written decision without having given Hitachi Metals notice of or an opportunity to
respond to the correctness of that interpretation.
The Board may not apply a new claim interpretation in a final written
decision without first giving both parties notice of the proposed interpretation and
a meaningful opportunity to respond. SAS Inst., Inc. v. ComplementSoft, LLC, 825
F.3d 1341, 1350-52 (Fed. Cir. 2016); 5 U.S.C. § 554(b)(3). As this Court has
explained, an agency may not “change theories in midstream” without giving the
parties meaningful notice of the change and an opportunity to respond. SAS, 825
F.3d at 1351 (quotation marks and citation omitted). The Board instead must
“ ‘timely inform[]’ the patent owner of ‘the matters of fact and law asserted,’ must
provide ‘all interested parties opportunity for the submission and consideration of
facts [and] arguments . . . [and] hearing and decision on notice,’ and must allow ‘a
party . . . to submit rebuttal evidence . . . as may be required for a full and true
disclosure of the facts.’ ” Dell, Inc. v. Acceleron, LLC, 818 F.3d 1293, 1301 (Fed.
Cir. 2016) (quoting 5 U.S.C. §§ 554, 556; all alterations in Dell).
Applying these principles, this Court has vacated final written decisions
where the Board adopts and applies a new claim construction or new theory
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without providing parties with adequate notice and an opportunity to respond. In
SAS, for example, this Court vacated the Board’s final written decision because it
adopted a new claim interpretation that neither party had advocated. 825 F.3d at
1350-52.

And in Dell, the Court likewise vacated the Board’s final written

decision because it found a claim anticipated based on a factual argument that the
petitioner had raised for the first time at oral argument. 818 F.3d at 1300-01.
The Board erred by doing the same here. The Alliance’s petition did not
raise any claim construction issue with regard to claim 4.

Appx1884-1885,

Appx1896-1897. Nor did Hitachi Metals’ preliminary response. Appx1935-1936,
Appx1947-1948. The Board’s institution decision likewise did not interpret the
scope of claim 4; indeed, it did not independently analyze that claim at all.
Appx1971, Appx1976-1977. And because neither side suggested that claim 4
needed to be construed and the Board had not addressed it, Hitachi Metals’ Patent
Owner Response likewise did not present a construction for claim 4 or argue about
its scope. Appx2029-2030 (raising no claim construction arguments with regard to
any claim), Appx2054-2060 (raising no claim construction specifically with regard
to claim 4).
The Alliance for the first time raised the issue of claim 4’s scope in its
Petitioner’s Reply to Patent Owner’s Response. Appx2108-2109. It asserted that
“Claims 3 and 4 must be construed to cover both high-speed gas in a milling
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chamber and high-speed gas in a classifying cyclone.” Appx2109. By waiting
until after Hitachi Metals had finished its briefing before the Board to raise a claim
construction argument, the Alliance deprived Hitachi Metals of any opportunity to
brief that newly raised issue, to submit evidence supporting a different
construction, or to submit evidence that even under the newly proposed
construction the claim is nonobvious. See 37 C.F.R. §§ 42.23, 42.107, 42.120(a).
The Board’s final written decision nevertheless adopted the Alliance’s newly
proposed construction and then faulted Hitachi Metals for failing to apply that
construction in its briefing to the Board. Appx51-52. With regard to claim 4 it
held that “the broadest reasonable interpretation consistent with the Specification is
that the second pulverization step of finely pulverizing the material alloy is not
completed after milling in the jet mill, but rather includes both a first sub-step of
milling and a second sub-step of particle classification.”

Appx52 (“we have

determined that particle classification is part of finely pulverizing the material
alloy in a high-speed flow of gas”). It then dismissed Hitachi Metals’ argument
and evidence for not being “based on the claim language being given the broadest
reasonable interpretation in light of the Specification.” Appx52.
The Board thus denied Hitachi Metals’ procedural rights, turning the claim 4
arguments into a moving target. It did not “timely inform” Hitachi Metals that the
scope of claim 4 was at issue. See SAS, 825 F.3d at 1351 (rejecting Board’s
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reasoning that it was sufficient that a party could have raised claim construction
arguments on its own). And although Hitachi Metals had a limited opportunity to
respond to the issue at oral argument before the Board, that was not enough, just as
it was not enough in Dell, 818 F.3d at 1301.

The Board’s decision should

therefore be vacated, and this Court need not reach the merits of the disputed claim
construction.
2.

Properly construed, claim 4 requires the use of a high speed
flow of gas that includes oxygen to finely pulverize an alloy

Second, and in any event, the Board’s construction was wrong. Claim 4
depends from claim 3, which depends from claim 1. Claim 1 requires two steps.
The first step involves “coarsely pulverizing” the alloy. Appx87 (col.13:23-24).
The second step has two sub-steps: (a) “finely pulverizing” the alloy into a fine
powder and (b) “removing at least part of fine powder having a particle size of 1.0
µm or less.” Appx87 (col.13:25-26, 30-33). Claim 1 thus reads in relevant part:

57

Case: 16-1824

Document: 24

Page: 66

Filed: 09/16/2016

1. A method for manufacturing alloy powder for R—
Fe—B rare earth magnets, comprising a first
pulverization step of coarsely pulverizing a material alloy
for rare earth magnets and a second pulverization step of
finely pulverizing the material alloy,
wherein . . .
said second pulverization step comprises a step of
removing at least part of fine powder having a
particle size of 1.0 µm or less to adjust the particle
quantity of the fine powder having a particle size
of 1.0 µm or less to 10% or less of the particle
quantity of the entire powder.
Appx87 (col.13:21-34).
Because the removal step involves removing part of the “fine powder,” the
removal step necessarily occurs after the powder has been finely pulverized.
Appx87 (col.13:31).
Claim 3 limits how the alloy is finely pulverized, requiring that it be “finely
pulverized in a high-speed flow of gas.” Appx87 (col.13:40-42). Claim 4 further
limits claim 3, requiring that the gas “comprises oxygen.” Appx87 (col.13:40-44).
Claims 3 and 4 thus recite:
3. The method of claim 1 or 2, wherein in said
pulverization step, the alloy is finely pulverized in a
high-speed flow of gas.
4. The method of claim[] 3, wherein the gas
comprises oxygen.
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Appx87 (col.13:40-44).5
The Board interpreted claim 4 to reach methods where oxygen is not used to
finely pulverize the material alloy but instead is used only in the sub-step of
removing a portion of the finely pulverized powder.

Appx52 (holding that

“particle classification [involving powder removal] is part of finely pulverizing the
material alloy in a high-speed flow of gas”).
That interpretation is inconsistent with the claim language.

Claim 4

specifically requires that the alloy be “finely pulverized in a high-speed flow of gas
. . . compris[ing] oxygen.” Appx87 (col.13:40-44) (emphasis added). It does not
recite that a high-speed flow of gas containing oxygen may be used to remove part
of the finely pulverized alloy. To the contrary, by the time of the removal step, the
powder is already finely pulverized: the removal step recites that “at least a
portion of fine powder” is removed. Appx87 (col.13:31). Thus, for the alloy to be
“finely pulverized in a high-speed flow of gas . . . compris[ing] oxygen,” oxygen
must be used, at a minimum, before the removal step. Appx87 (col.13:40-44)
(emphasis added).
Even if the claim language left any uncertainty about claim 4’s scope, the
specification would dispel it.

The patent’s written description consistently

5

The parties and Board agreed that the “said pulverization step” of claim 3
refers to the “second pulverization step” of claim 1. Appx51-52.
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distinguishes the act of finely pulverizing an alloy from the act of removing
already pulverized powder. For example, the patent describes that an alloy is
“finely pulverized” with a “jet mill or the like.” Appx81 (col.1:31-35, col.2:1820). It distinguishes fine pulverization using a jet mill from powder removal using,
for example, a cyclone classifier: “[T]he coarsely pulverized powder produced in
the first pulverization process is finely pulverized (or milled) with a jet mill. To the
jet mill used in this embodiment, a cyclone classifier is connected for removal of
fine powder. Appx83 (col.6:55-58) (emphases added); see also Appx82 (col.3:4650) (same).
Indeed, when the specification discusses a high-speed flow of gas containing
oxygen, the discussion is always centered on the operation of the jet mill in the act
of finely pulverizing the powder. Appx82 (col.3:27-28), Appx83 (col.5:23-28),
Appx84 (col.7:10-17, col.8:16-21), Appx85 (col.9:12-20, col.10:50-53).

The

specification also references Japanese Patent Examined Publication No. 6-6728 for
a process of finely pulverizing powder in a high-speed flow of gas including
oxygen. Appx85 (col.9:16-18), English translation available at Appx2494-2499.
That reference describes a grinding chamber 6 that receives oxygen from a supply
pipe 3.

Appx2498 (FIG. 1).

Coarse powder 1 is received in the grinding

chamber 6 and “is pulverized into fine powder by the collision between the bulk
powder and ultrasonic inert gas,” a gas “containing 50ppm~60,000ppm O2.”
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Appx2496. This fine powder then settles at the base of the cyclone chamber for
removal. Appx2496. Thus, every time the specification discusses a high-speed
flow of gas containing oxygen, it describes a process that is centered on the act of
finely pulverizing with gas that includes oxygen.
The Board was therefore wrong that the claims and written description could
support a different construction. The Board thought it significant that “the process
of removing fine powder” is part of the “second pulverization step.” Appx51-52.
It cited portions of the specification stating that “[t]he method for manufacturing
alloy powder for R—Fe—B type rare earth magnets . . . includes . . . a second
pulverization step of finely pulverizing the material alloy, wherein . . . the second
pulverization step comprises a step of removing at least part of fine powder
(Appx81-82 (col.2:66-col.3:7)); that “before a fine pulverization step is finished, at
least part of R-rich super-fine powder . . . is removed” (Appx82 (col.4:58-62)); and
that “[a]s an example of the present invention, in the fine pulverization process
using the jet mill and the cyclone classifier connected to each other, the pressure of
the gas in the cyclone classifier was controlled” (Appx85 (col.10:46-50). Appx5152 (all emphases added in Board opinion).
But those passages merely state that the “said second pulverization step” is
an umbrella step in which (a) the powder is finely pulverized and then (b) part of
the finely pulverized powder is removed. None of the cited passages links using “a
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high-speed flow of gas . . . compris[ing] oxygen” to the powder-removal portion of
the “said second pulverization step.” Instead, the claim language and specification
make clear that a high-speed flow of gas including oxygen must be used to “finely
pulverize[]” the powder. Appx87 (col.13:41). A person of skill in the art would
thus understand that claim 4 does not reach processes where the only use of
oxygen is to remove already finely pulverized powder.
Under a proper construction, Ohashi does not disclose the use of oxygen for
finely pulverizing the alloy powder. The only possible use of oxygen in Ohashi
that the Board found was the use of oxygen to classify particle sizes and remove
particles below a certain size. Appx 52; Appx2403 (¶82); Appx698-699 (col.4:685:3). Indeed, Ohashi expressly teaches away from using oxygen to pulverize an
alloy powder: “the alloy under pulverization is strictly prevented against oxidation
by the atmospheric oxygen by conducting the pulverization in an atmosphere of a
non-oxidizing or inert gas.” Appx698 (col.4:46-50); see also Appx37 (Board
quoting same). Thus, under the correct construction the Board’s cancellation of
claim 4 should be reversed.
C.

The Board Erred With Regard To Claims 11 And 12 Because A
Person Of Ordinary Skill Would Not Have Combined Ohashi,
Hasegawa, And Yamamoto

Additionally, even if the Court were to uphold the Board’s decision as to
Part II.A above, it should still reverse the cancellation of claims 11 and 12. The
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Board separately erred in concluding that these dependent claims would have been
obvious because a person of ordinary skill in the art would have combined
elements from Ohashi, Hasegawa, and Yamamoto. This ground of unpatentability
involves essentially identical claim limitations and the same art that was at issue in
the Board’s conclusions of obviousness for the ’385 patent based on Hasegawa
and Yamamoto and Ohashi and Yamamoto, discussed above. Claims 11 and 12
would not have been obvious based on this art for the same reasons that the claims
of the ’385 patent would not have obvious. See supra Sections I.A.1 and I.A.2.
Claim 11 depends from claim 1 and requires: “the step of producing the
alloy for rare earth magnets by cooling a melt of the alloy at a cooling rate in the
range between 102 C./sec and 104 C./sec.” Appx87 (col.14:16-19). Claim 12
depends from claim 11 and adds “wherein the melt of the ally is cooled by a strip
casting method.” Appx87 (col.14:20-21). These claims involve the same disputed
limitations—cooling a melted or molten alloy at a cooling rate in the range
between “102 C./sec and 104 C./sec” and “by a strip casting method”—as claims 5
and 6 of the ’385 patent. Moreover, the Board and the Alliance rely on the same
art as rendering the claims obvious—Ohashi, Hasegawa, and Yamamoto for claims
11 and 12 of the ’765 patent and Hasegawa and Yamamoto or Ohashi and
Yamamoto for claims 5 and 6 of the ’385 patent. Appx2, Appx30. For all of these
combinations, the Board and the Alliance cite Yamamoto’s disclosures for the
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cooling method and the other references for the other claim elements. Appx15-16,
Appx19-20, Appx54.
Claims 11 and 12 of the ’765 patent therefore would not have been obvious
for the same reasons that claims 5 and 6 of the ’385 patent would not have been
obvious, as explained in Sections I.A.1 and I.A.2, supra. One of ordinary skill in
the art would have expected that altering the processes in Ohashi or Hasegawa to
use the rapid cooling method disclosed in Yamamoto would have been a failure.
Appx2745-2748 (¶¶106-13). For example, using a different alloy starting material
in Ohashi would lead to throwing out large portions of the resulting R-rich fine
powder—more than double the amount of powder than the amount that would be
thrown out without altering Ohashi. Appx2746 (¶109). And that problem would
only be exacerbated by also altering Ohashi to use the required hydrogen
pulverization step disclosed in Hasegawa, as the discussion above regarding the
combination of Hasegawa and Yamamoto explains. Supra, Section I.A.1. The
resulting dramatic increase in discarded powder would be economically costly and
result in an inferior rare-earth magnet. Supra pp. 26-30; Appx2747-2748 (¶¶11112).
The Board rejected this evidence regarding the claims of the ’765 patent
using the same flawed reasoning it gave with regard to the claims of the ’385
patent. It dismissed Hitachi Metals’ argument because it thought that “[w]hether
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implementation of Yamamoto’s strip casting method makes commercial sense does
not control the obviousness determination.”

Appx59.

Yet in the very next

paragraph it found that a person of skill in the art would have pursued the
combination because of “design incentives, such as the provision of a ‘lower cost,
more productive [process] better suited for higher volume manufacturing.’ ”
Appx60 (alteration in Board opinion). But the Board was required to assess the
expectation of success with regard to the same goal it relied on to find a motivation
to combine. Focarino, 738 F.3d at 1346; supra pp. 32-34 (explaining in detail).
The Board’s flawed reasoning requires reversal. See supra Sections I.A & I.B.
CONCLUSION
For the foregoing reasons, the Board’s decision that claims 1, 5, and 6 of the
’385 patent are unpatentable as obvious and its decision that claim 1 is anticipated
should be reversed. At a minimum, the Court should set aside the construction of
“rapid cooling method,” vacate the cancellation of claim 1, and remand.
Additionally, the Board’s decision that claims 1-4, 11, 12, and 14-16 of the
’765 patent are unpatentable as obvious should be reversed. Alternatively, for
independent reasons, the Court should reverse the cancellation of claims 4, 11, and
12 of the ’765 patent—or, at a minimum, vacate and remand.
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I.

INTRODUCTION
A. Background
Alliance of Rare-Earth Permanent Magnet Industry (“Petitioner”)

filed a Corrected Petition (Paper 13, “Pet.”) requesting an inter partes
review of claims 1, 5, and 6 of U.S. Patent No. 6,537,385 B2 (Ex. 1001, “the
’385 patent”). On February 13, 2015, pursuant to 35 U.S.C. § 314, we
instituted an inter partes review of claims 1, 5, and 6 on the following
grounds of unpatentability asserted by Petitioner:
Reference

Basis

Claims

Hasegawa1 and Yamamoto2

§ 103(a)

1, 5, and 6

Ohashi3 and Yamamoto

§ 103(a)

1, 5, and 6

He4

§ 102(b)

1

He and Yamamoto

§ 103(a)

5 and 6

Decision to Institute (Paper 17, “Dec. Inst.”), 6, 19–20.

1

Hasegawa, JP 1993-283217 (published Oct. 29, 1993) (“Hasegawa,” Ex.
1008 and Ex. 1004 (English translation)). Hasegawa is a Japanese language
document. Unless indicated otherwise, all citations to Hasegawa in this
decision will refer to its certified English language translation.
2
Yamamoto et al., US 5,383,978 (issued Jan. 24, 1995) (“Yamamoto,” Ex.
1007).
3
Ohashi et al., US 4,992,234 (issued Feb. 12, 1991) (“Ohashi,” Ex. 1005).
4
Shuixiao He, Rare Earth Permanent Magnet Milling Equipment - Jet Mill
Closed Loop System, 21 MAGNETIC MATERIALS AND PARTS, 48–51 (Oct.
1990) (“He,” Ex. 1009 and Ex. 1006 (English translation)). He is a Chinese
language document. Unless indicated otherwise, all citations to He in this
decision will refer to its certified English language translation.
2

APPX2

Case: 16-1824

Document: 24

Page: 79

Filed: 09/16/2016

IPR2014-01265
Patent 6,537,385 B2
Hitachi Metals, Ltd. (“Patent Owner”) filed a Patent Owner Response
(Paper 26, “PO Resp.”), and Petitioner filed a Reply (Paper 31, “Pet.
Reply”).
Petitioner relies on the Declaration of John Ormerod Ph.D. in support
of its Petition (Ex. 1002). Patent Owner relies on the Declaration of Laura
H. Lewis (Ex. 2002) in support of its Response. Petitioner refers to the
deposition testimony of Dr. Lewis (Ex. 1010). Patent Owner refers to the
deposition testimony of Dr. Ormerod (Ex. 2003).
We heard oral argument on November 6, 2015. A transcript is entered
in the record as Paper 38 (“Tr.”).
We have jurisdiction under 35 U.S.C. § 6(c). This Final Written
Decision is issued pursuant to 35 U.S.C. § 318(a) and 37 C.F.R. § 42.73.
We determine Petitioner has shown by a preponderance of the
evidence that claims 1, 5, and 6 of the ’385 patent are unpatentable under 35
U.S.C. § 103(a).
B. Related Proceedings
Petitioner represents that the ’385 patent was asserted in International
Trade Commission Investigation No. 337-TA-855, which was terminated
before adjudication of any validity issues. Pet. 5.
Patent Owner represents that Inter Partes Review No. IPR2014-01266
of U.S. Patent No. 6,491,765 B2 (“the ’765 patent”)5 also is related to this
proceeding. Paper 12, 2.

5

The ’385 patent is a divisional of the ’765 patent. Ex. 1001.
3
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C. The ’385 Patent
The ’385 patent relates to methods for manufacturing neodymiumiron-boron magnets, referred to as R—Fe—B type rare earth magnets.
Ex. 1001, Abstr., 1:6–8, 1:15–18. The method includes a first step of
coarsely pulverizing a material alloy to a size on the order of several
hundred micrometers or less using a hydrogen embrittlement apparatus, and
a second step of finely pulverizing the material alloy to an average particle
size on the order of several micrometers with, for example, a jet mill. Id. at
1:24–34.
During the second pulverization step, super-fine powder that is rich in
the rare earth element (R) (i.e., powder having a particle size of 1 µm or
less) is produced. Id. at 2:18–22. These R-rich super-fine powder particles
oxidize easily as compared to other particles such that “oxidation of the rare
earth element vigorously proceeds during the manufacturing process steps.”
Id. at 2:28–30. The rare earth element, thus, is consumed by reacting with
oxygen, and “the production amount of the R2T14B crystal phase as the
major phase decreases.” Id. at 2:31–32. The result is a reduction in the
coercive force and remanent flux density of the resultant magnet, and
deterioration of the squareness of the demagnetization curve. Id. at 2:33–36.
In an effort to improve and stabilize the magnet properties even when
a material alloy including an R-rich phase is used, the ’385 patent describes
the additional step of “removing at least part of [the] powder in which the
concentration of the rare earth element is greater than the average
concentration of the rare earth element contained in the entire powder, to
reduce the average concentration of oxygen bound with the rare earth
element contained in the powder.” Id. at 3:20–26.

4

APPX4

Case: 16-1824

Document: 24

Page: 81

Filed: 09/16/2016

IPR2014-01265
Patent 6,537,385 B2
Table I of the ’385 patent is reproduced below.

As reported in Table I above, oxygen increases, and coercive force
iHc and residual magnetic flux density Br deteriorate, as the percentage of
super-fine powder in the entire powder increases. Id. at 11:29–38. When
the percentage of super-fine powder is 10.0% or less, excellent magnetic
properties, including a coercive force iHc of 900 kA/m or more and a
residual magnetic flux density Br of 1.35 T or more, are obtained. Id. at
11:39–44.
In a preferred embodiment, the molten material alloy is cooled by a
strip casting method, which is a rapid cooling method. Id. at 1:38–39, 3:55–
56. In a preferred embodiment, the material alloy is obtained by cooling a
molten material alloy at a cooling rate in a range between 102° C/sec and
104° C/sec. Id. at 1:45–47, 3:51–54. Alloys prepared by rapid cooling
methods, as compared to ingot casting methods (in which a molten alloy is
poured into a mold and cooled comparatively slowly), have a fine structure,
are small in grain size, have a wide area of grain boundaries, and have a
good dispersion of the R-rich phase. Id. at 1:37–39, 1:64–2:4. Although the
preferred embodiment is applied to a rapidly solidified alloy produced by a
strip casting method, it also is applicable to an alloy produced by an ingot
method. Id. at 12:24–29.

5
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D. Illustrative Claim
Claim 1 is illustrative of the claimed subject matter, and is reproduced
below.
1.
A method for manufacturing alloy powder for R—Fe—B
rare earth magnets, comprising a first pulverization step of
coarsely pulverizing an R—Fe—B alloy for rare earth magnets
produced by a rapid cooling method and a second pulverization
step of finely pulverizing the material alloy,
wherein said second pulverization step comprises a step of
removing at least part of the powder in which the concentration
of rare earth element is greater than the average concentration of
rare earth element contained in the entire powder.
Ex. 1001, 13:19–30.
II.

DISCUSSION
A. Claim Construction
In an inter partes review, claim terms in an unexpired patent are

interpreted according to their broadest reasonable construction in light of the
specification of the patent in which they appear. 37 C.F.R. § 100(b); see In
re Cuozzo Speed Techs., LLC, 793 F.3d 1268, 1278 (Fed. Cir. 2015) (“We
conclude that Congress implicitly approved the broadest reasonable
interpretation standard in enacting the AIA.”), cert. granted sub nom.
Cuozzo Speed Techs. LLC v. Lee, 84 U.S.L.W. 3218 (Jan. 15, 2016) (No. 15446). Claim terms are given their ordinary and customary meaning as
understood by one of ordinary skill in the art in the context of the entire
disclosure. In re Translogic Tech., Inc., 504 F.3d 1249, 1257 (Fed. Cir.
2007).
In the Decision to Institute, we interpreted “concentration of rare earth
element” as “the amount of rare earth element in a powder in comparison to
the amount of all the elements in the powder.” Dec. Inst. 7. The parties do
6
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not dispute this interpretation in the Patent Owner Response or in the
Petitioner Reply. We adopt the above claim construction based on our
previous analysis, and see no reason to deviate from that construction for
purposes of this Decision.
The interpretation of the claim term “rapid cooling method” is
relevant to our analysis for the Final Written Decision. Patent Owner urges
that “one of ordinary skill in the art would understand the ordinary and
customary meaning of ‘rapid cooling method’ to refer to a cooling
mechanism different and faster than ingot casting, but not cooled so fast that
it exceeds rapid cooling and enters the domain of super-rapid cooling.” PO
Resp. 8 (citing Ex. 2002 ¶¶ 81–82). Patent Owner contends that this
proposed interpretation is consistent with the Specification of the ’385
patent, including dependent claims 5 and 6, as well as the ordinary and
customary usage of the term. Id. Patent Owner’s expert points to the
language of the Specification stating that “a rapidly cooled method” is
“typified by a strip casting method and a centrifugal casting method.”
Ex. 2002 ¶ 81 (quoting Ex. 1001, 1:35–40). We conclude that such
language indicates only that strip casting and centrifugal casting are typical
examples of rapid cooling methods or exemplify rapid cooling methods, not
that rapid cooling methods necessarily exclude super-rapid cooling methods.
Petitioner contends that the term “rapid cooling method” should be
construed as a cooling method in which “a molten material alloy is put into
contact with a single chill roll, twin chill rolls, a rotary chill disk, a rotary
cylindrical chill mold, or the like, to be rapidly cooled thereby producing a
solidified alloy thinner than an ingot cast alloy.’” Pet. Reply 6 (quoting
Ex. 1001, 1:41–45). Petitioner contends that such a construction comports
with the clear definition set forth in the Specification. Id. at 3. Petitioner
7
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further argues that the doctrine of claim differentiation supports Petitioner’s
proposed construction in that dependent claim 5 “specifically recites cooling
the alloy material at a rate ‘in the range between 102°C/sec and 104°C/sec’”
such that the rapid cooling method of claim 1 must include cooling rates
outside of this range. Id. at 4 (citing Ex. 1001, 14:1–5). We agree with
Petitioner. The additional language of the Specification stating that “[i]n a
preferred embodiment, the material alloy for rare earth magnets is obtained
by cooling a molten material alloy at a cooling rate in a range between
102°C./sec and 104°C./sec” (Ex. 1001, 3:51–54), along with the same
language appearing in dependent claim 5, supports that rapid cooling
methods can encompass a broader range of cooling rates such that the
reference to the particular range was necessary to ensure specific protection
directed to a narrower and preferred range of cooling rates.6
We adopt Petitioner’s proposed construction for a “rapid cooling
method” as “a cooling method in which a molten material alloy is put into
contact with a single chill roll, twin chill rolls, a rotary chill disk, a rotary
cylindrical chill mold, or the like, to be rapidly cooled thereby producing a
solidified alloy thinner than an ingot cast alloy.”

6

If the upper limit of rapid cooling methods were understood by those of
ordinary skill in the art to be limited to “something close to 10,000 degrees
Celsius per second” as argued by Patent Owner, reference to such an upper
limit as a preferred embodiment and in dependent claim 5 would appear to
be superfluous. See Tr. 70:8–11. We have also considered the statement in
the Specification that “[i]n the rapid cooling method, the molten alloy is
cooled at a rate in the range between 10[]2°C./sec and 104°C./sec” (Ex. 1001,
1:45–47), but, in the context of the entire Specification, we consider this to
be a statement of a particular cooling rate in accordance with the invention,
rather than an express definition clearly and deliberately limiting the term
“rapid cooling” to a particular cooling rate.
8
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B. Obviousness of Claims 1, 5, and 6 over Hasegawa and Yamamoto
1. Overview of Hasegawa
Hasegawa discloses that an alloy used to make rare-earth magnets is
generally obtained by conventional powder metallurgy. Ex. 1004 ¶ 2.
Hasegawa further discloses that melted cast ingots of rare-earth magnets
have a multi-phase crystal structure including a main phase R2Fe14B, and an
Nd-rich (i.e., rare earth-rich) phase. Id. ¶ 3. In Hasegawa, melted cast ingot
is pulverized using mechanical pulverization techniques or a method that
“involves causing hydrogen to be absorbed into the melted cast ingot of a
rare-earth-iron-boron based magnet and allowing disintegration to occur to
produce a coarse powder.” Id. Hydrogen pulverization can produce
pulverized powder in about one-fourth of the time of mechanical
pulverization and can also cause the rare-earth rich phase to be more easily
pulverized. Id. After coarse pulverization by mechanical or hydrogen
pulverization, the powder is then finely pulverized using a jet mill. Id.
Hasegawa further discloses that the rare earth-rich phase oxidizes
more readily than the main phase, and that if the rare earth-rich phase is
excessively pulverized, a magnet obtained from such a fine powder may
include excessive oxide phase and lack good magnetic properties. Id. To
combat this known problem, Hasegawa discloses that wind power is used to
remove R-rich phase fine powder during a particle classification step
following pulverization. Id. ¶ 4; Ex. 1002 ¶ 66. The remaining powder
having lower concentrations of rare earth is compacted compressively,
sintered, and heat-treated. Ex. 1004 ¶ 4. The method allows rare earth-ironboron magnets of high coercivity and high energy product to be obtained by
using “classifiers that employ wind power to remove Nd-rich phase [(i.e.,
rare earth rich phase)] that includes large quantities of oxygen due to
9
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excessive pulverization and thus improve sinterability and reduce the oxide
phase that is present at the grain boundaries.” Id. ¶ 5.
2. Overview of Yamamoto
Yamamoto discloses that “[p]ermanent magnet alloy ingots are
generally produced by a metal mold casting method consisting in casting
molten alloy in a metal mold.” Ex. 1007, 1:15–17. Yamamoto also
discloses a method for producing a rare earth metal magnet alloy by “a strip
casting system combined with a twin roll, a single roll, a twin belt or the
like.” Id. at 1:59–61. Yamamoto states that “an ingot produced by this
method has a composition more uniform than that obtained with the metal
mold casting method,” but that sufficient improvement has not yet been
seen. Id. at 1:62–2:3. Yamamoto further discloses “melting a rare earth
metal-iron alloy to obtain a molten alloy and solidifying the molten alloy
uniformly at a cooling rate of 10 to 1000° C./sec.” Id. at 2:34–36.
3. Obviousness of Claims 1, 5, and 6
a. Claim 1
Petitioner alleges that independent claim 1 would have been obvious
over the combination of Hasegawa and Yamamoto. Pet. 17–20. Petitioner
relies on Hasegawa for every element of independent claim 1, except for the
recitation of “an R—Fe—B alloy for rare earth magnets produced by a rapid
cooling method.” Id. at 18 (emphasis added). Petitioner argues that
Yamamoto teaches “a rapid cooling (strip cast) method in making a strip
cast R—Fe—B material alloy more uniformly that is pulverized into magnet
powder.” Id. at 17 (citing Ex. 1007, Abstr., 1:8–14, 2:32–37). Patent Owner
does not dispute that Hasegawa teaches every element of independent claim
1 except for the alloy being produced by a rapid cooling method, nor that
Yamamoto teaches a rapid cooling method. See PO Resp. 9–20.
10
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Petitioner argues that “[o]ne of ordinary skill would have been
motivated to use the R—Fe—B material alloy formed by the rapid cooling
method taught by Yamamoto with the pulverization techniques taught by
Hasegawa in order to pulverize a more uniform R—Fe—B material alloy.”
Id. (citing Ex. 1002 ¶ 59) (emphasis omitted). Petitioner further argues that
“one of o[r]dinary skill knows that material alloys produced by either the
ingot or strip cast methods produce R-rich superfine powder (particles 1µm
or less), which are removed and taught in Hasegawa.” Id. (citing Ex. 1001,
12:24–29; Ex. 1002 ¶¶ 34–35, 51–52, 59, Illustration 8) (emphasis omitted).
Id. Petitioner also provides expert testimony that “one of ordinary skill
would have been motivated to combine these prior art teachings of
Hasegawa and Yamamoto according to known methods to yield predictable
results. Such a modification would have been obvious because it would
have involved the use of known techniques to improve a similar method.”
Ex. 1002 ¶ 64 (cited at Pet. 18).
Patent Owner counters that one of ordinary skill in the art would not
have been motivated to combine the teachings of Hasegawa and Yamamoto
to arrive at the claimed invention. PO Resp. 10–20. Patent Owner does not
appear to dispute Petitioner’s contention that strip casting would result in a
more uniform alloy. In particular, Patent Owner acknowledges that utilizing
a rapid cooling method generates an alloy with the R-rich phase distributed
uniformly along the boundaries of columnar R2Fe14B grains having a mean
width of about 5–25 µm, as compared to an alloy generated by ingot casting
which results in randomly dispersed regions of R-rich phase and α-Fe
dendrites with columnar R2Fe14B grains having a mean width of about 50–
150 µm. Id. at 11 (citing Ex. 2005, 476).
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Patent Owner, however, does dispute that generating a more uniform
alloy would motivate a person of ordinary skill in the art to utilize a rapid
cooling method in connection with the pulverization process of Hasegawa.
PO Resp. 10–20. Patent Owner elaborates that the more uniform
composition of a strip cast alloy, as compared to an ingot cast alloy, would
result in a smaller average particle size and a powder distribution that is
relatively uniform in particle size and shape during hydrogen pulverization.
Id. at 12–13 (citing Ex. 2002 ¶ 41; Ex. 2006, 4). Patent Owner recognizes
that “finely milled R2Fe14B phase particles [on the order of 1–5 µm] improve
the density of the magnet, thereby positively impacting the magnetic
resonance and coercivity as well as the mechanical integrity of the final
magnet,” but explains that more finely milled particles would then have to
be removed as part of Hasegawa’s particle classification step, thereby
resulting in a significantly diminished yield. Id. at 16–17 (citing Ex. 2002
¶ 93). Patent Owner argues that Petitioner “fail[ed] to consider the[]
consequences of changing Hasegawa’s starting alloy.” Id. at 18.
Petitioner has shown, and Patent Owner has not disputed, that the
claimed elements (i.e., steps) are known in the art, albeit not combined in a
single reference, and are used for their known purpose. Pet. 18–20; see Tr.
77:8–19. We are persuaded that Petitioner has shown that a person of
ordinary skill in the art would have known how to combine Yamamoto’s
rapid cooling method (in place of Hasegawa’s ingot casting method) with
Hasegawa’s pulverization and particle classification technique using known
methods. See Ex. 1002 ¶ 35 (“Rare earth elements . . . are collected and are
melted together to form a cast alloy using known techniques to one of
ordinary skill such as the ingot cast method or a strip cast method.”); see
also Ex. 1001, 1:36–45, 12: 24–29 (referring to material alloy being
12
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produced by two types of methods—ingot casting and rapid cooling—and
stating that the present invention was applicable to both an ingot method and
a rapid cooling method); Ex. 1002 ¶ 51 (“The ingot or strip cast methods are
interchangeable to those skilled in the art.”). Petitioner has also shown
sufficiently that a person of ordinary skill in the art would have recognized
the results of the combination to be predictable. Ex. 1002 ¶ 64; see also Pet.
Reply 13 (citing Ex. 2011, 2) (“[Petitioner] agrees with [Patent Owner] that
a person of ordinary skill would have known that a hydrogen pulverized
strip cast alloy has a narrower particle size and shape distribution in
comparison to a typical ingot cast alloy. . . . [A] person of ordinary skill
would have known to adjust basic, fundamental jet milling settings to
accommodate the uniform particle size and shape distribution of the strip
cast alloy.”)).
Patent Owner argues that “the problem with the combination is that
the predictable result says that, for example, in the case of the
Hasegawa/Yamamoto combination, you are going to throw out 50 percent of
your powder.” Tr. 77:23–78:2. Patent Owner argues that one with ordinary
skill in the art, for various considerations, such as diminished yield, would
not have implemented a rapid cooling method in connection with
Hasegawa’s pulverization and particle classification techniques. PO Resp.
10–20. Whether implementation of Yamamoto’s rapid cooling method
makes commercial sense does not control the obviousness determination.
The challenged claims are not limited to an industrial scale economically
viable process. Specifically, the claims do not recite a minimum required
yield that would distinguish the prior art teachings. Patent Owner has not
provided persuasive reasoning or evidence to support its contention that one
of skill believed there to be some technological incompatibility that
13
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prevented the combination of Yamamoto’s rapid cooling method with
Hasegawa’s pulverization and particle classification techniques; that the
combination was unpredictable in some way; or that one with ordinary skill
in the art would not have known how to use Yamamoto’s rapid cooling
method with Hasegawa’s pulverization and particle classification
techniques. See Orthopedic Equip. Co. v. United States, 702 F.2d 1005,
1013 (Fed. Cir. 1983) (“[T]he fact that the two [prior art disclosures] would
not be combined by businessmen for economic reasons is not the same as
saying that it could not be done because skilled persons in the art felt that
there was some technological incompatibility that prevented their
combination. Only the latter fact is telling on the issue of
nonobviousness.”).
We appreciate Patent Owner’s argument that “an invention ‘composed
of several elements is not proved obvious merely by demonstrating that each
of its elements was, independently, known in the prior art.” PO Resp. 19
(citing KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 418 (2007)). Petitioner,
however, has set forth a sufficient rationale to arrive at what is claimed.
Specifically, Petitioner has demonstrated that the claims represent the
combination of prior art elements according to known methods to yield a
predictable result. See KSR, 550 U.S. at 416 (“The combination of familiar
elements according to known methods is likely to be obvious when it does
no more than yield predictable results.”). This is itself a sufficient reason
with rational underpinning to support a conclusion of obviousness. This is
especially true where the evidence supports that consideration of design
incentives, such as the provision of a “lower cost, more productive [process]
better suited for higher volume manufacturing” would have led one of
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ordinary skill to pursue the predictable combination of elements. Pet. Reply
15 (citing Ex. 2003, 109:10–20).
After considering Petitioner’s and Patent Owner’s positions, as well as
their supporting evidence, we conclude that Petitioner has demonstrated, by
a preponderance of the evidence, that independent claim 1 of the ’385 patent
would have been obvious over the combination of Hasegawa and Yamamoto
under 35 U.S.C. § 103(a).
b. Claims 5 and 6
Claim 5 depends from claim 1, and further includes “the step of
producing the R—Fe—B alloy for rare earth magnets by cooling a molten
material alloy at a cooling rate in a range between 102°C./sec and
104°C./sec.” Ex. 1001, 14:1–4. Claim 6 depends from claim 5 and further
recites that “the molten material alloy is cooled by a strip casting method.”
Id. at 14:5–6. With respect to claim 5, Petitioner argues that Yamamoto
teaches solidifying a molten alloy uniformly at a cooling rate of 10 to 1000
°C/second. Pet. 20 (citing Ex. 1007, Abstr., 2: 32–37; Ex. 1002 ¶¶ 59, 71).
With respect to claim 6, Petitioner argues that Yamamoto teaches “ . . . a
system for producing a permanent magnet alloy ingot by a strip casting
method using a single roll.” Id. at 21 (quoting Ex. 1007, 6: 16–29); see also
Ex. 1007, Fig. 1; Ex. 1002 ¶¶ 72–73 (explaining that Yamamoto teaches that
molten alloy is solidified under cooling conditions).
Petitioner provides expert testimony that “one of ordinary skill would
have been motivated to combine these prior art teachings of Hasegawa and
Yamamoto according to known methods to yield predictable results. Such a
modification also would have been obvious because it would have involved
the use of known techniques to improve a similar method.” Ex. 1002 ¶ 71
(cited at Pet. 20).
15
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Patent Owner does not dispute that Yamamoto teaches the claimed
cooling rate range, nor cooling by a strip casting method. See PO Resp. 9–
20. Patent Owner instead relies on the same argument that one of ordinary
skill in the art would not be motivated to combine the rapid cooling method
of Yamamoto with Hasegawa’s pulverization and particle classification
techniques as it did with respect to claim 1. Id. at 20. For the same reasons
as described above in connection with independent claim 1, we determine
that Petitioner has provided articulated reasoning with rational underpinning
for combining the references based on the combination of prior art elements
according to known methods to yield a predictable result.
After considering Petitioner’s and Patent Owner’s positions, as well as
their supporting evidence, we conclude that Petitioner has demonstrated, by
a preponderance of the evidence, that claims 5 and 6 of the ’385 patent
would have been obvious over the combination of Hasegawa and Yamamoto
under 35 U.S.C. § 103(a).
C. Obviousness of Claims 1, 5, and 6 over Ohashi and Yamamoto
1. Overview of Ohashi
Ohashi discloses a method for the preparation of a permanent magnet
composed of a rare earth element, iron, and boron. Ex. 1005, 1:6–16.
Ohashi discloses rough pulverization of an alloy ingot via various types of
pulverizing machines, such as stamp mills, jaw crushers, Braun mills, and
the like, and fine pulverization via jet mills, ball mills, and the like. Id. at
4:38–46. Ohashi recognizes that “a magnetic alloy powder containing
extremely fine particles are highly susceptible to the oxidation by the
atmospheric oxygen,” (id. at 3:41–43), and discloses that “the alloy under
pulverization is strictly prevented against oxidation by the atmospheric
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oxygen by conducting the pulverization in an atmosphere of a non-oxidizing
or inert gas such as nitrogen, argon and the like” (id. at 4:46–50).
Ohashi further discloses “particle size classification of the alloy
powder for compression molding into a powder compact to be sintered, by
which particles having a finer particle diameter . . . are removed so as to
effectively prevent oxidation of the too fine particles.” Id. at Abstr. Ohashi
discloses that particle classification can be conducted using “screens of an
appropriate mesh opening, rotative force, air stream and the like as well as a
combination of these different principles.” Id. at 5:1–4. Ohashi discloses
removing particles having a diameter smaller than 2 µm from the alloy
powder. Id. at 2:45–46, 4:19–22, 4:64–67. Ohashi also discloses that “[i]t is
important that the volume fraction of the fine particles having a diameter
smaller than 2 µm in the alloy powder after the particle size classification
does not exceed 1% or, preferably, 0.5%.” Id. at 5:50–53.
2. Obviousness of Claims 1, 5, and 6
a. Claim 1
Petitioner alleges that independent claim 1 would have been obvious
over the combined disclosures of Ohashi and Yamamoto. Pet. 21–25.
Petitioner relies on Ohashi for every element of independent claim 1 except
for the recitation of “an R—Fe—B alloy for rare earth magnets produced by
a rapid cooling method.” Id. at 21 (emphasis added). Petitioner relies on the
same teachings in Yamamoto relating to a rapid cooling method and the
same reasoning for combining Ohashi and Yamamoto as that for combining
Hasegawa and Yamamoto as described above. Id. at 21–23 (citing Ex. 1001,
12:24–29, Ex. 1002 ¶¶ 34–35, 51–52, 74, 76–78, Illustration 8). Patent
Owner does not dispute that Ohashi teaches every element of independent
claim 1 except for the alloy being produced by a rapid cooling method, nor
17
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that Yamamoto teaches a rapid cooling method. PO Resp. 21–29.
Patent Owner again argues that Petitioner fails to weigh the
advantages and disadvantages of using a rapid cooling method to produce a
more uniform alloy and that one of ordinary skill in the art would not utilize
Yamamoto’s strip casting method with the pulverization and particle
classification techniques of Ohashi. Id. at 28–29. For the same reasons as
described above in connection with the challenge based on the combination
of Hasegawa and Yamamoto, Patent Owner’s arguments do not persuasively
rebut Petitioner’s rationale relating to the combination of prior art elements
according to known methods to yield a predictable result in light of design
incentives that would have prompted one of ordinary skill in the art to
pursue the predictable combination. Pet. 23 (citing Ex. 1002 ¶ 78); Pet.
Reply 15 (citing Ex. 2003, 109:10–20).
Petitioner has shown, and Patent Owner has not disputed, that the
claimed elements (i.e., steps) are known in the art, albeit not combined in a
single reference, and are used for their known purpose. Id. at 22–25; see
Tr. 77:8–19. Petitioner has shown sufficiently that a person of ordinary skill
in the art would have known how to combine Yamamoto’s rapid cooling
method with Ohashi’s pulverization and particle classification technique
using known methods. See Ex. 1002 ¶ 35 (“Rare earth elements . . . are
collected and are melted together to form a cast alloy using known
techniques to one of ordinary skill such as the ingot cast method or a strip
cast method.”); see also Ex. 1001, 1:36–45, 12: 24–29 (referring to material
alloy being produced by two types of methods—ingot casting and rapid
cooling—and stating that the present invention was applicable to both an
ingot method and a rapid cooling method); see also Ex. 1002 ¶ 51 (“The
ingot or strip cast methods are interchangeable to those skilled in the art.”).
18
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Petitioner has also shown sufficiently that a person of ordinary skill in the art
would have recognized the results of the combination to be predictable. Ex.
1002 ¶ 78; see also Pet. Reply 13 (citing Ex. 2011, 2) (“[Petitioner] agrees
with [Patent Owner] that a person of ordinary skill would have known that a
hydrogen pulverized strip cast alloy has a narrower particle size and shape
distribution in comparison to a typical ingot cast alloy. . . . [A] person of
ordinary skill would have known to adjust basic, fundamental jet milling
settings to accommodate the uniform particle size and shape distribution of
the strip cast alloy.”)). Petitioner also provides evidence of design
incentives that would have prompted one of ordinary skill in the art to
pursue the predictable combination. Pet. Reply 15 (citing Ex. 2003, 109:10–
20).
After considering Petitioner’s and Patent Owner’s positions, as well as
their supporting evidence, we conclude that Petitioner has demonstrated, by
a preponderance of the evidence, that independent claim 1 of the ’385 patent
would have been obvious over the combination of Ohashi and Yamamoto
under 35 U.S.C. § 103(a).
b. Claims 5 and 6
With respect to dependent claim 5, Petitioner argues that Yamamoto
teaches solidifying a molten alloy uniformly at a cooling rate of 10 to 1000
°C/second. Pet. 24 (citing Ex. 1007, Abstr., 2: 32–37; Ex. 1002 ¶ 82). With
respect to dependent claim 6, Petitioner argues that Yamamoto teaches “ . . .
a system for producing a permanent magnet alloy ingot by a strip casting
method using a single roll.” Id. at 24–25 (quoting Ex. 1007, 6: 16–29); see
also Ex. 1007, Fig. 1; Ex. 1002 ¶ 83 (explaining that Yamamoto teaches that
molten alloy is solidified under cooling conditions).
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Petitioner provides expert testimony that “one of ordinary skill would
have been motivated to combine these prior art teachings of Ohashi and
Yamamoto according to known methods to yield predictable results. Such a
modification also would have been obvious because it would have involved
the use of known techniques to improve a similar method.” Ex. 1002 ¶ 82
(cited at Pet. 24).
Patent Owner does not dispute that Yamamoto teaches the claimed
cooling rate range, nor cooling by a strip casting method. See PO Resp. 21–
29. Patent Owner, instead, relies on the argument that one of ordinary skill
in the art would not be motivated to combine the rapid cooling method of
Yamamoto with Ohashi’s pulverization and particle classification
techniques. Id. at 29. For the same reasons as described above in
connection with independent claim 1, we determine that Petitioner has
provided articulated reasoning with rational underpinning for combining the
references based on the combination of prior art elements according to
known methods to yield a predictable result.
After considering Petitioner’s and Patent Owner’s positions, as well as
their supporting evidence, we conclude that Petitioner has demonstrated, by
a preponderance of the evidence, that dependent claims 5 and 6 of the ’385
patent would have been obvious over the combined teachings of Ohashi and
Yamamoto under 35 U.S.C. § 103(a).
D. Anticipation of Claim 1 by He
1. Overview of He
He discloses that “crude rare earth permanent magnet materials [can
be] made from smelting method or quick quenching or reduction diffusion.”
Ex. 1006, 49. He further discloses that NdFeB material for rare earth
permanent magnets can be made by crushing ingots into crude granules with
20
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hydrogen burst processing. Id. He discloses that the crude materials can be
made finer in a milling compartment and then can be transferred to the
separator. Id. He discloses that qualified fine powders can be separated and
enter the cyclone separating device for settling, and ultra-fine powders that
cannot be settled enter a filter with gas and are separated and collected. Id.
at 49–50. He discloses that “[a]s far as rare earth permanent magnet
powders are concerned, the normal ultra fine particles should have a
granularity of less than 1µm and their weight should be about 0.1% of the
qualified powders.” Id.
2. Anticipation of Claim 1
Petitioner alleges that independent claim 1 is anticipated by He. Pet.
25–28. Patent Owner argues only that He fails to disclose a rapid cooling
method. PO Resp. 29–33. Petitioner asserts that He’s reference to quick
quenching meets the claim limitation that the “R—Fe—B alloy for rare earth
magnets [are] produced by a rapid cooling method.” Pet. 26 (citing Ex.
1006, 49; Ex. 1002 ¶ 87). According to Petitioner “quick quenching is rapid
cooling as understood by one of ordi[na]ry skill.” Ex. 1002 ¶ 87.
Patent Owner argues that Petitioner’s conclusory assertion regarding
the equivalence of quick quenching and rapid cooling should be given little
weight and that “the evidence suggests that ‘quick quenching’ does not
encompass strip casting.” PO Resp. 31. In particular, Patent Owner argues
that strip casting was not commercially available as of He’s publication date
and that quick quenching most likely refers to “‘melt spinning’ which has
‘[c]ooling rates in excess of 106 K s-1’ according to Dr. Ormerod’s 1989
publication.” Id. at 31–32 (citing Ex. 2004, 245; Ex. 2013; Ex. 2014, 38).
We need not decide whether quick quenching refers specifically to
strip casting. We need only decide whether quick quenching discloses a
21
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“rapid cooling method” as that claim term as been construed for purposes of
this proceeding.7 Patent Owner’s first argument that strip casting in
particular was not commercially available as of He’s publication date is not
persuasive evidence that He’s quick quenching cannot be rapid cooling,
because rapid cooling is not limited to strip casting in accordance with our
construction of that term.
Patent Owner’s second argument that He’s quick quenching likely
refers to melt spinning is also not persuasive evidence that He’s quick
quenching cannot be rapid cooling. In support of this argument, Patent
Owner presented evidence that“[m]elt spinning consists of melting the alloy
. . . . The melt . . . is sprayed . . . on to a rotating water cooled copper wheel
or disc. Cooling rates in excess of 106 K s-1 are obtained.” PO Resp. 8
(citing Ex. 2004, 245), 32; Ex. 2002 ¶ 85 (“[M]elt spinning . . . is a process
in which the molten alloy is ejected onto a rapidly spinning wheel to cool at
rates on the order of 105–107 degrees per second and form ribbons of
nanocrystalline material.”). According to Patent Owner, that rate of cooling
is higher “than the maximum cooling rate” described in the ’385 patent. Id.
at 32. As set forth above, however, we do not agree with Patent Owner that
“rapid cooling method” as used in claim 1 is limited to a particular cooling
rate. Instead, we are persuaded that this evidence shows that melt spinning
does meet the “rapid cooling method” limitation as we have construed it,
7

As discussed above, we have determined the broadest reasonable
interpretation of the claim term “rapid cooling method” is “a cooling method
in which a molten material alloy is put into contact with a single chill roll,
twin chill rolls, a rotary chill disk, a rotary cylindrical chill mold, or the like,
to be rapidly cooled thereby producing a solidified alloy thinner than an
ingot cast alloy.” Such a construction does not limit a “rapid cooling
method” to a strip casting method.
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because it describes a molten material being rapidly cooled to produce a
solidified alloy thinner than an ingot cast alloy through contact with a rotary
chill disk.
In addition to the evidence in the record supporting that quick
quenching is melt spinning, and melt spinning is a process that comports
with the construction of a “rapid cooling method” (Ex. 2002 ¶ 85; Ex. 2004,
245), Petitioner also presented expert testimony that He’s reference to quick
quenching would be understood by one of ordinary skill in the art to be rapid
cooling. Pet. Reply 23 (citing Ex. 1002 ¶ 87; Ex. 2003, 114:16–18).
Accordingly, we find sufficient evidence in the record to support that quick
quenching discloses a rapid cooling method in accordance with the broadest
reasonable interpretation of the term “rapid cooling method.”
After considering Petitioner’s and Patent Owner’s positions, as well as
their supporting evidence, we conclude that Petitioner has demonstrated, by
a preponderance of the evidence, that independent claim 1 of the ’385 patent
is anticipated by He under 35 U.S.C. § 102(b).
E. Obviousness of Claims 5 and 6 over He and Yamamoto
With respect to dependent claim 5, Petitioner argues that Yamamoto
teaches solidifying a molten alloy uniformly at a cooling rate of 10 to 1000
°C/second. Pet. 29 (citing Ex. 1007, Abstr., 2: 32–37; Ex. 1002 ¶ 93). With
respect to dependent claim 6, Petitioner argues that Yamamoto teaches “ . . .
a system for producing a permanent magnet alloy ingot by a strip casting
method using a single roll.” Id. (quoting Ex. 1007, 6: 16–29); see also Ex.
1007, Fig. 1; Ex. 1002 ¶ 94 (explaining that Yamamoto teaches that molten
alloy is solidified under cooling conditions).
Petitioner argues that “[o]ne of ordinary skill would have been
motivated to use a material alloy formed by the rapid cooling method taught
23
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by Yamamoto with the pulverization techniques taught by He that also
teaches a material alloy formed by rapid cooling in order to pulverize a more
uniform material alloy.” Id. at 28 (emphasis omitted). Petitioner also
provides expert testimony that “one of ordinary skill would have been
motivated to combine these prior art teachings of [He] and Yamamoto
according to known methods to yield predictable results. Such a
modification also would have been obvious because it would have involved
the use of known techniques to improve a similar method.” Ex. 1002 ¶ 93
(cited at Pet. 29).8
Patent Owner does not dispute that Yamamoto teaches the claimed
cooling rate range, nor cooling by a strip casting method. See PO Resp. 33–
37. Patent Owner counters that one of ordinary skill in the art would not
have been motivated to combine the teachings of He and Yamamoto to
arrive at the claimed invention for the stated reason of pulverizing a more
uniform alloy. PO Resp. 36–37. In particular, Patent Owner disputes that
modifying He’s quick quenching method to utilize the claimed cooling rate
range of 102°C./sec and 104°C./sec would result in a more uniform alloy.
Patent Owner argues that “replacing He’s ‘quick quenching’ with the slower
cooling methods disclosed in Yamamoto would actually result in a less
homogeneous material alloy.” Id. at 36 (citing Ex. 2015, Fig. 9).

8

We consider Petitioner’s reference to “Hasegawa” instead of “He” in the
quoted portion of paragraph 93 of Exhibit 1002 to be an inadvertent
typographical error. Taken in context, in which Heading “C” refers to “He”
(Ex. 1002, 45), subheading “2” refers to “He in view of Yamamoto” (id. at
50), and the remainder of paragraph 93 refers to “He” (id. at 51), we
consider Petitioner clearly to have intended to refer to “He,” not
“Hasegawa.”
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Petitioner responds that Patent Owner’s argument “is based on the
assumption that He’s disclosure of ‘quick quenching’ refers to meltspinning,” but He does not refer to melt-spinning. Pet. Reply 24. Even if
we were to agree with Petitioner that He does not necessarily refer to meltspinning, we are not persuaded that Petitioner has explained sufficiently how
utilizing Yamamoto’s particular cooling rate would result in a more uniform
alloy, considering the lack of explanation by Petitioner regarding how
Yamamoto’s cooling rate would differ from that already provided by He’s
quick quenching. Petitioner further responds that even if He were referring
to melt-spinning, “[Patent Owner] disregards the fact that strip casting was a
well-known, highly advantageous process at the time of the invention.” Id.
Even if we were to agree with Petitioner that strip casting provides certain
advantages, this does not support provide evidentiary support for Petitioner’s
articulated rationale of pulverizing a more uniform alloy as set forth in its
Petition. We are persuaded by Patent Owner’s argument and determine that
Petitioner’s first articulated rationale, namely, producing a more uniform
alloy for pulverization, lacks evidentiary rational underpinning.
Petitioner, however, has also supported its conclusion of obviousness
based on the combination of prior art elements according to known methods
to yield a predictable result. Pet. 29 (citing Ex. 1002 ¶ 93). Petitioner has
shown, and Patent Owner has not disputed, that the claimed elements (i.e.,
steps) are known in the art, albeit not combined in a single reference, and are
used for their known purpose. Pet. 25–29; see Tr. 77:8–19. We are
persuaded that Petitioner has shown that a person of ordinary skill in the art
would have known how to combine He’s quick quenching with Yamamoto’s
particular cooling range of 102°C./sec to 104°C./sec and Yamamoto’s strip
casting method using known methods and would have recognized the results
25
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of the combination to be predictable. See Ex. 1002 ¶ 93; Pet. Reply 24
(citing Ex. 2005, 1) (describing strip casting as “similar to melt spinning”).
Petitioner also provides evidence that one of ordinary skill in the art would
have pursued the predictable combination. Pet. Reply 24 (citing Ex. 2003,
108:14–19) (explaining that even when melt-spinning and strip casting were
both well-known, most high-volume manufacturers utilized strip casting).
We determine that Petitioner has provided articulated reasoning with rational
underpinning for combining the references based on the combination of
prior art elements according to known methods to yield a predictable result.
After considering Petitioner’s and Patent Owner’s positions, as well as
their supporting evidence, we conclude that Petitioner has demonstrated, by
a preponderance of the evidence, that dependent claims 5 and 6 of the ’385
patent would have been obvious over the combined teachings of He and
Yamamoto under 35 U.S.C. § 103(a).
III.

CONCLUSION
We determine Petitioner has established by a preponderance of the

evidence that: claims 1, 5, and 6 are unpatentable under 35 U.S.C. § 103(a)
as obvious over the combination of Hasegawa and Yamamoto; claims 1, 5,
and 6 are unpatentable under 35 U.S.C. § 103(a) as obvious over the
combination of Ohashi and Yamamoto; claim 1 is unpatentable under 35
U.S.C. § 102(b) as anticipated by He; and claims 5 and 6 are unpatentable
under 35 U.S.C. § 103(a) as obvious over the combination of He and
Yamamoto.
IV.

ORDER
In consideration of the foregoing, it is:
ORDERED that claims 1, 5, and 6 of the ’385 patent have been shown
26
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by a preponderance of the evidence to be unpatentable.
This is a Final Written Decision. Parties to this proceeding seeking
judicial review of our decision must comply with the notice and service
requirements of 37 C.F.R. § 90.2.
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I.

INTRODUCTION
A. Background
Alliance of Rare-Earth Permanent Magnet Industry (“Petitioner”)

filed a Corrected Petition (Paper 13, “Pet.”) requesting an inter partes
review of claims 1–4, 11, 12, and 14–16 of U.S. Patent No. 6,491,765 B2
(Ex. 1001, “the ’765 patent”). On February 13, 2015, pursuant to 35 U.S.C.
§ 314, we instituted an inter partes review of claims 1–4, 11, 12, and 14–16
on the following grounds of unpatentability asserted by Petitioner:
Reference

Basis

Claims

Ohashi1 and Hasegawa2

§ 103(a)

1–4 and 14–16

Ohashi, Hasegawa, and Yamamoto3

§ 103(a)

11 and 12

Ohashi, Hasegawa, and Kishimoto4

§ 103(a)

15

Decision to Institute (Paper 17, “Dec. Inst.”), 22.
Hitachi Metals, Ltd. (“Patent Owner”) filed a Patent Owner Response
(Paper 26, “PO Resp.”), and Petitioner filed a Reply (Paper 29, “Pet.
Reply”).
Petitioner relies on the Declaration of John Ormerod Ph.D. in support
of its Petition (Ex. 1002). Patent Owner relies on the Declaration of Laura
H. Lewis (Ex. 2002) in support of its Response. Petitioner refers to the
1

Ohashi et al., US 4,992,234 (issued Feb. 12, 1991) (“Ohashi,” Ex. 1004).
Hasegawa, JP 1993-283217 (published Oct. 29, 1993) (“Hasegawa,” Ex.
1009 and Ex. 1005 (English translation)). Hasegawa is a Japanese language
document. Unless indicated otherwise, all citations to Hasegawa in this
decision will refer to its certified English language translation.
3
Yamamoto et al., US 5,383,978 (issued Jan. 24, 1995) (“Yamamoto,” Ex.
1007).
4
Kishimoto et al., US 5,485,224 (issued Jan. 23, 1996) (“Kishimoto,” Ex.
1008).
2

2
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deposition testimony of Dr. Lewis (Ex. 1012). Patent Owner refers to the
deposition testimony of Dr. Ormerod (Ex. 2004).
We heard oral argument on November 6, 2015. A transcript is entered
in the record as Paper 36 (“Tr.”).
We have jurisdiction under 35 U.S.C. § 6(c). This Final Written
Decision is issued pursuant to 35 U.S.C. § 318(a) and 37 C.F.R. § 42.73.
We determine Petitioner has shown by a preponderance of the
evidence that claims 1–4, 11, 12, and 14–16 of the ’765 patent are
unpatentable under 35 U.S.C. § 103(a).
B. Related Proceedings
Petitioner represents that the ’765 patent was asserted in International
Trade Commission Investigation No. 337-TA-855, which was terminated
before adjudication of any validity issues. Pet. 5.
Patent Owner represents that Inter Partes Review No. IPR2014-01265
of U.S. Patent No. 6,537,385 B2 (“the ’385 patent”)5 also is related to this
proceeding. Paper 12, 2.
C. The ’765 Patent
The ’765 patent relates to methods for manufacturing neodymiumiron-boron magnets, referred to as R—Fe—B type rare earth magnets.
Ex. 1001, Abstr., 1:6–8, 1:15–18. The method includes a first step of
coarsely pulverizing a material alloy to a size on the order of several
hundred micrometers or less using a hydrogen embrittlement apparatus, and
a second step of finely pulverizing the material alloy to an average particle

5

The ’385 patent is a divisional of the ’765 patent. Ex. 1001.
3
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size on the order of several micrometers with, for example, a jet mill. Id. at
1:24–34.
During the second pulverization step, super-fine powder that is rich in
the rare earth element (R) (i.e., powder having a particle size of 1 µm or
less) is produced. Id. at 2:18–22. These R-rich super-fine powder particles
oxidize easily as compared to other particles, such that “oxidation of the rare
earth element vigorously proceeds during the manufacturing process steps.”
Id. at 2:28–30. The rare earth element, thus, is consumed by reacting with
oxygen, and “the production amount of the R2T14B crystal phase as the
major phase decreases.” Id. at 2:31–32. The result is a reduction in the
coercive force and remanent flux density of the resultant magnet, and
deterioration of the squareness of the demagnetization curve. Id. at 2:33–36.
In an effort to improve and stabilize the magnet properties even when
a material alloy including an R-rich phase is used, the ’765 patent describes
the additional step of “removing at least part of fine powder having a particle
size of 1.0 µm or less to adjust the particle quantity of the fine powder
having a particle size of 1.0 µm or less to 10% or less of the particle quantity
of the entire powder.” Id. at 3:5–10.
Table I of the ’765 patent is reproduced below.

4
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As reported in Table I above, oxygen increases, and coercive force
iHc and residual magnetic flux density Br deteriorate, as the percentage of
super-fine powder in the entire powder increases. Id. at 11:29–38. When
the percentage of super-fine powder is 10.0% or less, excellent magnetic
properties, including a coercive force iHc of 900 kA/m or more and a
residual magnetic flux density Br of 1.35 T or more, are obtained. Id. at
11:39–44.
In a preferred embodiment, the molten material alloy is cooled by a
strip casting method, which is a rapid cooling method. Id. at 1:38–39, 3:55–
56. In a preferred embodiment, the material alloy is obtained by cooling a
molten material alloy at a cooling rate in a range between 102° C/sec and
104° C/sec. Id. at 1:45–47, 3:51–54. Alloys prepared by rapid cooling
methods, as compared to ingot casting methods (in which a molten alloy is
poured into a mold and cooled comparatively slowly), have a fine structure,
are small in grain size, have a wide area of grain boundaries, and have a
good dispersion of the R-rich phase. Id. at 1:37–39, 1:64–2:4. Although the
preferred embodiment is applied to a rapidly solidified alloy produced by a
strip casting method, it also is applicable to an alloy produced by an ingot
method. Id. at 12:24–29.
D. Illustrative Claim
Claim 1 is illustrative of the claimed subject matter and is reproduced
below.
1. A method for manufacturing alloy powder for R—Fe—B rare
earth magnets, comprising a first pulverization step of coarsely
pulverizing a material alloy for rare earth magnets and a second
pulverization step of finely pulverizing the material alloy,

5
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wherein said first pulverization step comprises a step of
pulverizing the material alloy by a hydrogen pulverization
method, and
said second pulverization step comprises a step of
removing at least part of fine powder having a particle size of 1.0
um or less to adjust the particle quantity of the fine powder
having a particle size of 1.0 um or less to 10% or less of the
particle quantity of the entire powder.
Ex. 1001, 13:21–33.
II.

DISCUSSION
A. Claim Construction
In an inter partes review, claim terms in an unexpired patent are

interpreted according to their broadest reasonable construction in light of the
specification of the patent in which they appear. 37 C.F.R. § 100(b); see In
re Cuozzo Speed Techs., LLC, 793 F.3d 1268, 1278 (Fed. Cir. 2015) (“We
conclude that Congress implicitly approved the broadest reasonable
interpretation standard in enacting the AIA.”), cert. granted sub nom.
Cuozzo Speed Techs. LLC v. Lee, 84 U.S.L.W. 3218 (Jan. 15, 2016) (No. 15446). Claim terms are given their ordinary and customary meaning as
understood by one of ordinary skill in the art in the context of the entire
disclosure. In re Translogic Tech., Inc., 504 F.3d 1249, 1257 (Fed. Cir.
2007).
In the Decision to Institute, we interpreted “particle quantity” as
“amount of particles,” without considering whether any particular common
metrics should be excluded. Dec. Inst. 7. The parties do not dispute this
interpretation in the Patent Owner Response or in the Petitioner Reply. We
adopt the above claim construction based on our previous analysis, and see
no reason to deviate from that construction for purposes of this Decision.

6

APPX34

Case: 16-1824

Document: 24

Page: 111

Filed: 09/16/2016

IPR2014-01266
Patent 6,491,765 B2
B. Level of Ordinary Skill in the Art
Petitioner sets forth a level of ordinary skill in the art in terms of
academic qualifications (i.e., a bachelor’s or master’s degree in materials
science, metallurgical engineering, or physics) and a corresponding
number of years of “work or research experience in the field of rare-earth
magnets.” Ex. 1002 ¶ 28. In particular, Petitioner states that if the
academic qualifications are a bachelor’s degree, the corresponding
number of years of work or research experience is identified as two to
four years, and if the academic qualifications are a master’s degree, then
the corresponding number of years of work or research experience is
identified as one to two years. Id.
Patent Owner disagrees with respect to the corresponding number
of years of work or research experience that are necessary to be a person
of ordinary skill in the art. In particular, Patent Owner proffers that a
person of ordinary skill in the art would hold either (a) a bachelor’s
degree in the same fields identified by Petitioner, but only one to two
years of additional work or research experience; or (b) a master’s degree
in the same fields identified by Petitioner, but only one year of additional
work or research experience. PO Resp. 3 (citing Ex. 2002 ¶ 60). Patent
Owner submits that this level of ordinary skill was arrived at by
considering “the specific problems and technical hurdles involved in rare
earth magnets; the evolution and sophistication of manufacturing rare
earth magnets; and the educational level of a person working in the rare
earth magnet industry at the time of the invention.” Id. (citing Ex. 2002
¶¶ 62–65; Envtl. Designs, Ltd. v. Union Oil Co., 713 F.2d 693, 696 (Fed.
Cir. 1983)). Although Patent Owner and Petitioner disagree on the years
of experience possessed by a person of ordinary skill in the art, neither
7
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party provides a sufficient and credible explanation as to how the alleged
difference in years of experience impacts this proceeding.
To determine the level of ordinary skill in the art in this case, we
consider the type of problems encountered in the art, the prior art
solutions to those problems, and the sophistication of the technology.
Custom Accessories, Inc. v. Jeffrey-Allan Indus. Inc., 807 F.2d 955, 962
(Fed. Cir. 1986). We are also guided by the level of ordinary skill in the
art as reflected by the prior art of record. Okajima v. Bourdeau, 261 F.3d
1350, 1355 (Fed. Cir. 2001).
The ’765 patent indicates that the material alloy can be produced
by ingot casting or rapid cooling methods typified by strip casting and
centrifugal casting (Ex. 1001, 1:36–41, 12:24–29), and refers to a
“known strip casting method” (Id. at 5:37–38). The prior art of record
also describes differences between the resulting alloy obtained by ingot
casting methods and the resulting alloy obtained by strip casting
methods. See, e.g., Ex. 1007, 1:15–2:3. Thus, a skilled artisan would
have some knowledge of strip casting methods and how such methods
would affect the resulting alloy as compared to an alloy produced by
ingot casting methods. The prior art of record also describes various
mechanical pulverization techniques, as well as a hydrogen pulverization
process. See, e.g., Ex. 1005 ¶ 2. The prior art of record also compares
the resulting fine powder of the hydrogen pulverization process to that
produced by mechanical pulverization. Id. A skilled artisan, therefore,
would also need some knowledge of hydrogen pulverization methods and
how they differ from mechanical pulverization. We acknowledge the
sophistication of the rare earth magnet technology, but consider that one
of ordinary skill in the art would be aware of all the pertinent prior art.
8

APPX36

Case: 16-1824

Document: 24

Page: 113

Filed: 09/16/2016

IPR2014-01266
Patent 6,491,765 B2
Based on all of the evidence, we conclude that a person of ordinary
skill in the art at the time of the ’765 patent, through education or
experience, would have knowledge of various methods to produce the
material alloy (e.g., ingot casting and strip casting) and various
pulverization techniques (e.g., mechanical pulverization and hydrogen
pulverization), and would have knowledge of the differences between the
methods and techniques, as the resulting material alloys.
C. Obviousness of Claims 1–4, 14, and 16 over Ohashi and
Hasegawa
1. Overview of Ohashi
Ohashi discloses a method for the preparation of a permanent magnet
composed of a rare earth element, iron, and boron. Ex. 1004, 1:6–16.
Ohashi discloses rough pulverization of an alloy ingot via various types of
pulverizing machines, such as stamp mills, jaw crushers, Braun mills, and
the like, and fine pulverization via jet mills, ball mills, and the like. Id. at
4:38–46. Ohashi recognizes that “a magnetic alloy powder containing
extremely fine particles are highly susceptible to the oxidation by the
atmospheric oxygen,” (id. at 3:41–43), and discloses that “the alloy under
pulverization is strictly prevented against oxidation by the atmospheric
oxygen by conducting the pulverization in an atmosphere of a non-oxidizing
or inert gas such as nitrogen, argon and the like” (id. at 4:46–50).
Ohashi further discloses “particle size classification of the alloy
powder for compression molding into a powder compact to be sintered, by
which particles having a finer particle diameter . . . are removed so as to
effectively prevent oxidation of the too fine particles.” Id. at Abstr. Ohashi
discloses that particle classification can be conducted using “screens of an
appropriate mesh opening, rotative force, air stream and the like as well as a
9
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combination of these different principles.” Id. at 5:1–4. Ohashi discloses
removing particles having a diameter smaller than 2 µm from the alloy
powder. Id. at 2:45–46, 4:19–22, 4:64–67. Ohashi also discloses that “[i]t is
important that the volume fraction of the fine particles having a diameter
smaller than 2 µm in the alloy powder after the particle size classification
does not exceed 1% or, preferably, 0.5%.” Id. at 5:50–53.
2. Overview of Hasegawa
Hasegawa discloses that the alloy used to make rare-earth magnets is
generally obtained by conventional powder metallurgy. Ex. 1005 ¶ 2.
Hasegawa further discloses that melted cast ingots of rare-earth magnets
have a multi-phase crystal structure including the main phase R2Fe14B, and
an Nd-rich (i.e., rare earth-rich) phase. Id. ¶ 3. In Hasegawa, melted cast
ingot is pulverized using mechanical pulverization techniques or a method
that “involves causing hydrogen to be absorbed into the melted cast ingot of
a rare-earth-iron-boron based magnet and allowing disintegration to occur to
produce a coarse powder.” Id. Hydrogen pulverization can produce
pulverized powder in about one-fourth of the time of mechanical
pulverization and can also cause the rare-earth rich phase to be more easily
pulverized. Id. After coarse pulverization by mechanical or hydrogen
pulverization, the powder is then finely pulverized using a jet mill. Id.
Hasegawa further discloses that the rare earth-rich phase oxidizes
more readily than the main phase, and that if the rare earth-rich phase is
excessively pulverized, a magnet obtained from such a fine powder may
include excessive oxide phase and lack good magnetic properties. Id. To
combat this known problem, Hasegawa discloses that wind power is used to
remove R-rich phase fine powder during a particle classification step
following pulverization. Id. ¶ 4; Ex. 1002 ¶ 66. The remaining powder
10
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having lower concentrations of rare earth is compacted compressively,
sintered, and heat-treated. Ex. 1005 ¶ 4. The method allows rare earth-ironboron magnets of high coercivity and high energy product to be obtained by
using “classifiers that employ wind power to remove Nd-rich phase [(i.e.,
rare earth rich phase)] that includes large quantities of oxygen due to
excessive pulverization and thus improve sinterability and reduce the oxide
phase that is present at the grain boundaries.” Id. ¶ 5.
3. Obviousness of Claims 1–4, 14, and 16
a. Claim 1
Petitioner alleges that independent claim 1 would have been obvious
over Ohashi and Hasegawa. Pet. 15–20. Petitioner relies on Ohashi for
every element of independent claim 1, except for the recitation that the “first
pulverization step comprises a step of pulverizing the material alloy by a
hydrogen pulverization method.” Id. at 17 (emphasis added). Petitioner
argues that Hasegawa “teaches coarse pulverization using hydrogen
treatment or pulverization to more easily crush a material alloy.” Id. (citing
Ex. 1005, Abstr., ¶¶ 2–6; Ex. 1002 ¶¶ 66, 70–71). Patent Owner does not
dispute that Ohashi teaches every element of independent claim 1 except for
the first pulverization step comprising a step of pulverizing the material
alloy by a hydrogen pulverization method, nor that Hasegawa teaches
hydrogen pulverization. See PO Resp. 5–12.
Petitioner argues that “[o]ne of ordinary skill would have been
motivated to combine Ohashi and Hasegawa because both Ohashi and
Hasegawa are in the same field of making [R—Fe—B] magnets using
known and standard processes such as jet milling and classification to
coarsely and finely pulverize a material alloy into fine powder.” Pet. 16
(emphasis omitted). Petitioner also provides expert testimony that:
11
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Because hydrogen pulverization taught by Hasegawa was a wellknown and common technique for coarse pulverization in a nonoxidizing gas environment to crush more easily an [R—Fe—B]
material alloy, one of ordinary skill would have been motivated
to use the hydrogen pulverization technique disclosed in
Hasegawa to improve the coarse pulverization of an [R—Fe—
B] material alloy taught by Ohashi that suggests using a nonoxidizing gas . . . . Moreover, one of ordinary skill would have
been motivated to combine these prior art teachings of Ohashi
and Hasegawa according to known methods to yield predictable
results. Such a modification also would have been obvious
because it would have involved the use of known process of
hydrogen pulverization to improve a similar method of coarsely
pulverizing an [R—Fe—B] material alloy.
Ex. 1002 ¶ 71 (cited at Pet. 17) (citations omitted).
Patent Owner counters that simply because references relate to the
same technical field, this alone is not a demonstration of the obviousness of
their combination. PO Resp. 7 (citing Ex Parte Bogwardt, 2012-009099, 3
(PTAB Oct. 14, 2014)). Petitioner’s rationale underlying the obviousness of
the combination of Ohashi and Hasegawa does not rest on the references
being in the same technical field, but rather is based, at least in part, on
hydrogen pulverization being able to more easily crush the material alloy, as
well as the combination of known prior elements to achieve a predictable
result. See Pet. 17 (citing Ex. 1002 ¶ 71).
Patent Owner also counters that Petitioner’s challenge rests on a faulty
premise that Hasegawa’s hydrogen pulverization is a “similar method” to
Ohashi’s mechanical pulverization. PO Resp. 5, 7. Patent Owner argues
that hydrogen pulverization involves “hydrogen chemically react[ing] with
the R—Fe—B material alloy to form hydrides which in turn cause the alloy
to crack and crumble or ‘decrepitate.’” Id. at 7–8. Patent Owner argues that
mechanical pulverization, on the other hand, “involves the direct contact
12
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between a crushing apparatus and the alloy to be crushed, resulting in
random pulverization of the alloy.” Id. at 8. Although there can be no doubt
that mechanical pulverization is different than chemical pulverization,
simply because there are differences between two references is insufficient
to establish that such references teach away from any combination thereof.
See In re Beattie, 974 F.2d 1309, 1312–13 (Fed. Cir. 1992). Petitioner’s
reasoning to utilize hydrogen pulverization in place of mechanical
pulverization to more easily crush the material alloy, and that the
combination of known prior art elements achieves a predictable result, is not
negated by the differences between mechanical and chemical pulverization.
To the extent Patent Owner is arguing that the utilization of hydrogen
pulverization in place of mechanical pulverization is not predictable (See Tr.
40:20–41:2 (citing Ex. 2002 ¶ 90)), Patent Owner has merely pointed out
that one of ordinary skill in the art would have to account for differences
between the two pulverization mechanisms. Patent Owner, however, has not
explained persuasively that such an accounting for differences between the
two pulverization mechanisms would have been beyond the capability of
one of ordinary skill in the art. See KSR Int'l Co. v. Teleflex Inc., 550 U.S.
398, 421 (2007) (“A person of ordinary skill is also a person of ordinary
creativity, not an automaton.”). Although Patent Owner argues that “if you
make a change in any part of this total process, then you are going to have to
look and investigate to see do you need to make compensations in other
parts of the process as well . . .[a]nd that simply is going to be beyond what
one of ordinary skill in the art would be able to do here” (Tr. 62:20–25),
Patent Owner again only points to expert testimony that explains that one
would need to change the composition of the alloy to compensate for
differences between the pulverization mechanisms (Id. at 63:1–6 (citing Ex.
13
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2002 ¶ 90)), not that such changes would have been beyond the level of
ordinary skill in the art. Moreover, as described above, we have concluded
that a person of ordinary skill in the art at the time of the ’765 patent would
have knowledge of the differences between mechanical and hydrogen
pulverization techniques, and the resulting material alloys.
Patent Owner further counters that Ohashi specifically seeks to avoid
conducting pulverization in an atmosphere of an oxidizing or non-inert gas.
PO Resp. 9 (citing Ex. 1004, 4:45–50). Patent Owner elaborates that
“hydrogen gas functions as an oxidizing gas in the specific context of
hydrogen pulverization” and is a non-inert gas in direct contrast to the nonoxidizing or inert gas desired in Ohashi. Id. at 10.
The word “oxidize” means “[1] To combine with oxygen; make into
an oxide. [2] To increase the positive charge or valence of (an element) by
removing electrons.” American Heritage Dictionary, Houghton Mifflin
Company (2000, 2003), available at
http://literature.proquestlearning.com/home.do (last visited Feb. 3, 2016)
(Ex. 3001). We determine that, considering the context of the patent, it is
more likely than not than Ohashi’s reference to a “non-oxidizing gas” refers
to a gas that does not cause an element to combine with oxygen or be made
into an oxide (in accordance with the first definition cited above), rather than
a gas that does not increase the positive charge or valence of an element by
removing electrons (in accordance with the second cited definition). Our
determination is based on Ohashi’s statements that “a magnetic alloy powder
containing extremely fine particles are highly susceptible to the oxidation by
the atmospheric oxygen” (Ex. 1004, 3:41–43 (emphasis added)), “the
adverse influences due to the increased oxygen content in the alloy powder
can be overcome when the alloy powder does not contain extremely fine
14
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particles” (id. at 3:45–48 (emphasis added)), “fine particles in a powder of
neodymimum-iron-boron magnet alloys are rapidly oxidized by the
atmospheric oxygen already in the course of pulverization in a non-oxidizing
atmosphere and there-after to greatly increase the oxygen content in the
alloy powder” (id. at 3:51–56 (emphasis added)), “a great improvement
could be obtained in the magnetic properties of the permanent magnets as a
result of the decrease in the oxygen content of the alloy powder” (id. at
3:61–64 (emphasis added)), “it is essential that the alloy under pulverization
is strictly prevented against oxidation by the atmospheric oxygen” (id. at
4:45–47 (emphasis added)), and “Table 1 . . . shows the oxygen contents and
the magnetic properties of the thus obtained sintered permanent magnets”
(id. at 7:19–21 (emphasis added)). These statements demonstrate that
Ohashi is concerned with the oxygen content of the alloy, rather than
whether the alloy has undergone a removal of electrons.
Petitioner has shown sufficiently that the hydrogen gas of the
hydrogen pulverization method is a non-oxidizing gas in that it does not
cause an element of the magnet alloy to combine with oxygen or be made
into an oxide. Pet. Reply 4–5 (citing Ex. 1012, 77:9–13). The hydrogen
pulverization method of Hawegawa, therefore, is in accordance with
Ohashi’s teachings of conducting the pulverization in an atmosphere of a
non-oxidizing or inert gas.6 Accordingly, we are not persuaded that
6

We agree with Patent Owner that the hydrogen gas of Hasegawa’s
hydrogen pulverization method “is certainly a non-inert gas.” PO Resp. 9.
We determine, however, that Ohashi requires the pulverization be conducted
in the atmosphere of a non-oxidizing gas or inert gas, but not necessarily
both. Because we have found the hydrogen gas of Hasegawa’s hydrogen
pulverization method to be a non-oxidizing gas, it is immaterial whether or
not it is inert.
15
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modification of Ohashi to utilize a hydrogen pulverization method as taught
by Hasegawa is contrary to the teachings of Ohashi.
Patent Owner also contends that “unexpected results, reflected in
Table 1 of the ’765 Patent, provides probative evidence of nonobviousness.” PO Resp. 6; see also id. at 12–21 (setting forth arguments
regarding evidence of secondary considerations such as unexpected results).
More particularly, Patent Owner argues that “the inventors unexpectedly
discovered that the magnetic properties of a final magnet do not start to
significantly deteriorate until the magnet powder comprises more than 10%
superfine powder.” Id. at 15 (citing Ex. 1001, 10:60–11:10). In addition,
Patent Owner argues that this 10% threshold refers to particles having a size
of 1 µm or less and that the “retention of particles, including in the range
from 1 µm to 2 µm, contributes to the unexpected results of Table 1.” Id. at
16 (citing Ex. 1001, 3:62–64, 4:21–23, 8:64–66, claim 14).
We agree with Patent Owner that when secondary considerations are
present, they must be considered with respect to the determination of
obviousness. See Stratoflex v. Aeroquip Corp., 713 F.2d 1530, 1538 (Fed.
Cir. 1983) (“[E]vidence rising out of the so-called ‘secondary
considerations’ must always when presented be considered en route to a
determination of obviousness.”).
Patent Owner fails to provide a credible and sufficient explanation as
to how the evidence of asserted unexpected results (i.e., a lack of significant
deterioration of magnetic properties) is commensurate in scope with the
claims. In order to establish unexpected results for a claimed invention,
objective evidence of non-obviousness must be commensurate in scope with
the claims which the evidence is offered to support. In re Clemens, 622 F.2d
1029, 1035–36 (CCPA 1980). Furthermore, to show unexpected results the
16
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claimed invention must be compared with the closest prior art. In re
Fracallossi, 681 F.2d 792, 794 (CCPA 1982); In re Reuter, 670 F.2d 1015,
1023 (CCPA 1981); In re Fenn, 639 F.2d 762, 765 (CCPA 1981).
To the extent that Patent Owner is arguing that the 10% threshold of
fine powder might account for the asserted unexpected results (PO Resp.
15–16), the step of adjusting the particle quantity of the fine powder having
a particle size of 1 µm or less to 10% or less was already described in
Ohashi. Patent Owner fails to provide comparative data showing
unexpected results with respect to the improved magnetic properties of its
claimed invention vis-à-vis the disclosure of Ohashi. In other words, Patent
Owner fails to establish that improved magnetic properties are due to
features recited in claim 1 and not present in Ohashi.
To the extent that Patent Owner is arguing that retention of particles in
the range of 1 µm to 2 µm might account for the asserted unexpected results
(PO Resp. 16, 20), this feature is not claimed. The only feature that Patent
Owner points to as distinguishing the claimed invention from Ohashi’s prior
art method for manufacturing alloy powder for rare earth magnets is the use
of hydrogen pulverization in place of Ohashi’s mechanical pulverization (PO
Resp. 5–21); however, Patent Owner has not presented sufficient and
credible evidence that the feature of hydrogen pulverization contributes to
the unexpected results. On this record Patent Owner fails to provide
sufficient and credible evidence that its alleged unexpected result is
commensurate in scope with the claims. Consequently, we are not
persuaded by Patent Owner’s contentions in relation to unexpected results.
We have also considered Patent Owner’s argument that Ohashi
teaches away from using more than 1% of sub-2 µm powder in the final
magnet powder. PO Resp. 18. In particular, Patent Owner argues that
17
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Ohashi “warned of the dangers of producing magnets using powder
containing fine particles of smaller than 2 µm.” Id. at 17 (citing Ex. 1004,
3:34–65). Further, Patent Owner argues that Ohashi “specifically wants to
‘ensure substantial absence of fine particles having a diameter smaller than 2
µm’ in the magnet powder.” Id. at 18 (citing Ex. 1004, 5:37–39). Patent
Owner’s argument fails to take into account the actual language of claim 1,
which does not require that a certain amount of sub-2 µm powder be
retained, but rather requires that “the particle quantity of the fine powder
having a particle size of 1.0 µm or less [be adjusted] to 10% or less of the
particle quantity of the entire powder.” Ex. 1001, 13:32–34. That is, the
claim sets only an upper limit on the amount of fine powder having a
particle size of 1.0 µm or less (i.e., 10%), but no lower limit. Ohashi’s
teaching of eliminating sub-2 µm powder would not lead a person of
ordinary skill in the art away from the claimed language of reducing sub-1
µm powder to less than 10% (which would encompass 0% as there is no
lower limit), so the teachings of Ohashi and the claim language are entirely
consistent. See In re Haruna, 249 F.3d 1327, 1335 (Fed. Cir. 2001) (quoting
Tec Air, Inc. v. Denso Mfg. Mich., Inc., 192 F.3d 1353, 1360 (Fed. Cir.
1999)) (“A reference may be said to teach away when a person of ordinary
skill, upon reading the reference, . . . would be led in a direction divergent
from the path that was taken by the applicant.”).
In considering the entirety of the record, we are persuaded that a
person of ordinary skill in the art would have been motivated to modify
Ohashi’s method for the preparation of a permanent magnet of a magnetic
alloy comprising a rare earth element, iron, and boron to incorporate
Hasegawa’s hydrogen pulverization technique in place of Ohashi’s
mechanical pulverization techniques in order to be able to more easily crush
18
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the material alloy. Pet. 17 (citing Ex. 1004, 4:45–50; Ex. 1005 ¶¶ 2–6,
Abstract); Pet. Reply 3 (quoting Ex. 1005 ¶ 2) (“hydrogen pulverization can
produce pulverized rare-earth alloy material in ‘one-fourth of the time
required with mechanical pulverization,’ which ‘reduces pulverization time
and improves pulverization yield and pulverization efficiency.’”); Ex. 1002
¶¶ 66, 70–71.
We are also persuaded that there would have been a reasonable
expectation of success in modifying Ohashi to incorporate Hasegawa’s
hydrogen pulverization technique in place of Ohashi’s mechanical
pulverization techniques. Ex. 1002 ¶ 71 (explaining that hydrogen
pulverization “was a well-known and common technique for coarse
pulverization” and would have involved only the use of known method to
achieve predictable results); Pet. Reply 3 (quoting Ex. 1005 ¶ 2 (“by 1992
hydrogen pulverization ‘was generally used as the method for the
manufacture of rare-earth-iron-boron based magnet powder.’”); see DyStar
Textilfarben GmbH & Co. Deutschland KG v. C. H. Patrick Co., 464 F.3d
1356, 1360 (Fed. Cir. 2006) (“consider[ing] whether a person of ordinary
skill in the art would have been motivated to combine to the prior art to
achieve the claimed invention and whether there would have been a
reasonable expectation of success in doing so” in determining whether a
claimed invention would have been obvious). Petitioner has presented
sound reasoning with rational underpinnings in urging that an ordinarily
skilled artisan would have utilized Hasegawa’s hydrogen pulverization
technique with Ohashi’s method of producing a permanent magnet alloy in
order to be able to more easily crush the material alloy. After considering
Petitioner’s and Patent Owner’s positions, as well as their supporting
evidence, we conclude that Petitioner has demonstrated, by a preponderance
19
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of the evidence, that independent claim 1 of the ’765 patent would have been
obvious over the combined teachings of Ohashi and Hasegawa under 35
U.S.C. § 103(a).
b. Claims 2, 3, 14, and 16
Patent Owner directs no credible arguments specifically to any of
dependent claims 2, 3, 14, and 16 with regard to the challenge for
obviousness over Ohashi and Hasegawa. Instead, Patent Owner argues the
purported deficiencies of Ohashi and Hasegawa that it argued with respect to
independent claim 1. PO Resp. 21. For the same reasons as described
above, we are not persuaded of any deficiencies in the combination of
Ohashi and Hasegawa in Petitioner’s challenge.
Claim 2 depends from claim 1, and further recites that “the average
concentration of the rare earth element contained in the fine powder having a
particle size of 1.0 µm or less is greater than the average concentration of the
rare earth element contained in the entire powder.” Ex. 1001, 13:35–39.
Petitioner contends that Ohashi teaches that “excessive pulverization of R—
Fe—B alloys produces R-rich superfine powder having particles 1 µm or
less.” Pet. 21 (citing Ex. 1004, 1:57–63, 2:28–60, 3:3–10, 4:37–41, 4:64–
5:10, 5:50–53; Ex. 1001, 2:19–22; Ex. 1002 ¶¶ 39–41, 46, 54, 78–80).
Petitioner also presents expert testimony that
in Ohashi, one of ordinary skill would recognize that the particles
finer than 2 µm or less remaining in the powder after
classification necessarily are R-rich and naturally and inherently
have an average rare earth concentration greater than the average
rare earth concentration in the entire powder containing other
non-rare earth elements such as the main R2Fe14B phase.
Ex. 1002 ¶ 78 (citing Ex. 1001, 1:46–63; Ex. 1002 ¶¶ 39–41) (cited at
Pet. 22).
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Patent Owner does not dispute this conclusion of Petitioner’s expert.
See PO Resp. 21. We credit Dr. Ormerod’s testimony that Ohashi inherently
discloses that the concentration of rare earth element contained in powders
having a particle size of 2 µm or less is greater than the average
concentration of rare earth element contained in the entire powder.
Claim 3 depends from claims 1 or 2, and further recites that “in said
pulverization step, the alloy is finely pulverized in a high-speed flow of
gas.” Ex. 1001, 13:40–42. Petitioner contends that Ohashi teaches that
“coarse powder is ‘finely pulverized in a jet mill with a jet stream of
nitrogen gas.’” Pet. 22 (quoting Ex. 1004, 6:45–48). Petitioner explains that
Ohashi teaches that “classification can use ‘air stream and the like.’” Id. at
23 (quoting Ex. 1004, 5:1–4; Ex. 1002 ¶ 81).
Claim 14 recites depends from claim 1 and further requires that “the
average particle size of the powder obtained in said second pulverization
step is in a range between 2 µm to 10 µm.” Ex. 1001, 14:25–27. Petitioner
contends that Ohashi teaches that “the ‘alloy powder as pulverized have an
average particle diameter in the range from 3 µm to 10 µm and contain at
least 90% by volume.’” Pet. 24 (quoting Ex. 1004, 4:58–60; Ex. 1002 ¶ 83).
Claim 16 recites “preparing alloy powder for R—Fe—B rare earth
magnets by the method of claim 1; and compacting the alloy powder for R—
Fe—B rare earth magnets to produce a permanent magnet.” Ex. 1001,
14:31–36. Petitioner contends that Ohashi teaches that “the ‘obtained alloy
powder after particle size classification to remove too fine particles was
compression-molded in a metal mold’ in making a permanent magnet.” Pet.
23–24 (quoting Ex. 1004, 6:66–7:9; Ex. 1002 ¶¶ 85–86).
We credit Dr. Ormerod’s testimony that Ohashi teaches the limitations
of dependent claims 2, 3, 14, and 16 and are persuaded that Petitioner
21
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presents sufficient evidence, as outlined above, to support a conclusion that
the combination of Ohashi and Hasegawa renders obvious the subject matter
of dependent claims 2, 3, 14, and 16. After considering Petitioner’s and
Patent Owner’s positions, as well as their supporting evidence, we conclude
that Petitioner has demonstrated, by a preponderance of the evidence, that
dependent claims 2, 3, 14, and 16 of the ’765 patent would have been
obvious over the combination of Ohashi and Hasegawa under 35 U.S.C.
§ 103(a).
c. Claim 4
Claim 4 recites “[t]he method of claim 3, wherein the gas [i.e., the
high-speed flow of gas in which the alloy is finely pulverized] comprises
oxygen.” Ex. 1001, 13:43–44. Petitioner asserts that “[d]uring fine
pulverization, Ohashi discloses that ‘[a]pplicable methods for the particle
size classification’ include ‘air stream and the like.’” Pet. 22–23 (quoting
Ex. 1002 ¶ 82; Ex. 1004, 4:68–5:3). Petitioner further provides expert
testimony that “oxygen . . . cannot be entirely removed from the jet milling
and classification processes as understood by one of ordinary skill.” Ex.
1002 ¶ 82). Petitioner asserts “any other gas present in the milling chamber
will also begin to move at high speed” when “a high-speed flow of gas is
emitted from nozzles into the milling chamber.” Pet Reply. 16 (citing Ex.
1012, 112:15–22).
Patent Owner first argues the purported deficiencies of Ohashi and
Hasegawa that it argued with respect to independent claim 1. PO Resp. 21.
For the same reasons as described above, we are not persuaded of any
deficiencies in the combination of Ohashi and Hasegawa in Petitioner’s
challenge.
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Patent Owner next argues that Ohashi’s “particle size classification” is
after the fine pulverization, such that the disclosed air stream of Ohashi “is
not a high-speed flow of gas for finely pulverizing the alloy,” but “an air
stream used for particle classification.” PO Resp. 23–24. Patent Owner’s
argument implies that fine pulverization is completed prior to particle size
classification. The Specification’s statements that “[t]he alloys may be
finely pulverized using a jet mill” and “[i]n a preferred embodiment, a
classifier is provided following the jet mill for classifying a powder output
from the jet mill” (Ex. 1001, 3:46–49) appear to support Patent Owner’s
interpretation that fine pulverization occurs in a jet mill and is finished
before particle size classification occurs in a classifier.
Petitioner responds that “the process of removing fine powder (the
cyclone classification step) is included in the claimed “second pulverization
step” such that “‘pulverizing’ encompasses both the process of milling the
alloy powder in the jet mill chamber and the process of classifying the
powder in the jet mill’s cyclone.” Pet. Reply 17. The Specification’s
statements that “[t]he method for manufacturing alloy powder for R—Fe—B
type rare earth magnets . . . includes . . . a second pulverization step of finely
pulverizing the material alloy, wherein . . . the second pulverization step
comprises a step of removing at least part of fine powder” (id. at 2:66–3:7
(emphasis added)); that “before a fine pulverization step is finished, at least
part of R-rich super-fine powder, i.e., powder having a particle size of 1 µm
or less, is removed to adjust the particle quantity of the R-rich super-fine
powder to 10% or less of the particle quantity of the entire powder” (id. at
4:58–62) (emphasis added); and that “[a]s the example of the present
invention, in the fine pulverization process using the jet mill and the cyclone
classifier connected to each other, the pressure of the gas in the cyclone
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classifier was controlled to change the amount of super-fine powder
contained in the collected powder” (id. at 10:46–50 (emphasis added)),
appear to support Petitioner’s interpretation that fine pulverization comprises
both the milling that occurs in the jet mill and the particle classification that
occurs in the cyclone. Based on the above portions of the Specification, we
determine the broadest reasonable interpretation consistent with the
Specification is that the second pulverization step of finely pulverizing the
material alloy is not completed after milling in the jet mill, but rather
includes both a first sub-step of milling and a second sub-step of particle
classification.
We are not persuaded that Patent Owner’s argument (i.e., that Ohashi
lacks the second pulverization step of finely pulverizing the material alloy in
a high speed flow of gas that comprises oxygen) is based on the claim
language being given the broadest reasonable interpretation in light of the
Specification. Because we have determined that particle classification is
part of finely pulverizing the material alloy in a high-speed flow of gas,
Petitioner’s reliance on Ohashi’s particle size classification including an air
stream (Pet. 22–23 (quoting Ex. 1002 ¶ 82; Ex. 1004, 4:68–5:3)) is sufficient
to meet the language of claim 4.
As to Patent Owner’s additional argument that the only carrier gas
disclosed for Ohashi’s air-stream particle size classifier is nitrogen (PO
Resp. 24 (citing Ex. 1004, 6:54–62)), we are not persuaded that this
reference to nitrogen as the carrier gas in “Example 1” negates Ohashi’s
previous disclosure of an “air stream,” which one of ordinary skill in the art
would recognize comprises some amount of oxygen. See Pet. Reply 18
(citing Ex. 1002 ¶ 82).
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We have also considered Patent Owner’s arguments that “stating that
‘some amount of oxygen [] cannot be entirely removed from the jet milling
[] process[]’ is not the same as finely pulverizing an alloy in a high-speed
flow of gas comprising oxygen” (PO Resp. 25 (citing Ex. 1002 ¶ 82)), and
that Ohashi teaches away from finely pulverizing the alloy in a high-speed
flow of gas comprising oxygen because “[a] person of ordinary skill reading
Ohashi would be led away from the ’765 Patent, which finely pulverizes the
alloy in a high-speed flow of gas comprising oxygen to intentionally coat the
surfaces of the powder with a thin oxide layer.” Id. at 26, 28 (citing Ex.
2002 ¶ 100). These arguments, however, are not persuasive considering that
our determination is based on the express disclosure of Ohashi’s air stream
for particle classification as opposed to relying on any residual oxygen in the
jet mill of Ohashi or Hasegawa and/or the modification of Ohashi.
We credit Dr. Ormerod’s testimony that Ohashi teaches the limitations
of dependent claim 4 and are persuaded that Petitioner presents sufficient
evidence, as outlined above, to support a conclusion that the combination of
Ohashi and Hasegawa renders obvious the subject matter of dependent claim
4. After considering Petitioner’s and Patent Owner’s positions, as well as
their supporting evidence, we conclude that Petitioner has demonstrated, by
a preponderance of the evidence, that dependent claim 4 of the ’765 patent
would have been obvious over the combined teachings of Ohashi and
Hasegawa under 35 U.S.C. § 103(a).
D. Obviousness of Claims 11 and 12 over Ohashi, Hasegawa, and
Yamamoto
1. Overview of Yamamoto
Yamamoto discloses that “[p]ermanent magnet alloy ingots are
generally produced by a metal mold casting method consisting in casting
25
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molten alloy in a metal mold.” Ex. 1007, 1:15–17. Yamamoto also
discloses a method for producing a rare earth metal magnet alloy by “a strip
casting system combined with a twin roll, a single roll, a twin belt or the
like.” Id. at 1:59–61. Yamamoto suggests that “an ingot produced by this
method has a composition more uniform than that obtained with the metal
mold casting method,” but that sufficient improvement has not yet been
seen. Id. at 1:62–2:3. Yamamoto further discloses “melting a rare earth
metal-iron alloy to obtain a molten alloy and solidifying the molten alloy
uniformly at a cooling rate of 10 to 1000° C./sec.” Id. at 2:34–36.
2. Obviousness of Claims 11 and 12
Petitioner alleges that claims 11 and 12 would have been obvious over
the combination of Ohashi, Hasegawa, and Yamamoto. Pet. 24–26. Claim
11 depends from claim 1 and further recites “the step of producing the alloy
for rare earth magnets by cooling a melt of the alloy at a cooling rate in the
range between 102°C./sec and 104°C./sec.” Ex. 1001, 14:16–19. Claim 12
depends from claim 11 and further requires that “the melt of the alloy is
cooled by a strip casting method. Id. at 14:20–21. Petitioner argues that
Yamamoto teaches “a rapid cooling (strip cast) method in making a material
alloy more uniformly for making powders of an R—Fe—B magnet.” Pet.
24, 26 (citing Ex. 1007, Abstr., 1:8–14, 2:32–37, 6:16–29, Fig. 1). Petitioner
argues that Yamamoto “teaches rapid cooling in the claimed range to
solidify the molten alloy more uniformly.” Id. at 26 (citing Ex. 100, Abstr.,
2:32–37; Ex. 1002 ¶¶ 90–92).
Patent Owner argues the purported deficiencies of Ohashi and
Hasegawa that it argued with respect to independent claim 1. PO Resp. 21.
For the same reasons as described above, we are not persuaded of any
deficiencies in the combination of Ohashi and Hasegawa in Petitioner’s
26
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challenge. Patent Owner does not dispute that Ohashi and Hasegawa teach
every element of claims 11 and 12 except for the alloy being cooled at a
cooling rate in the claimed range (claim 11) or being cooled by a strip
casting method (claim 12), nor that Yamamoto teaches the claimed cooling
rate range and cooling by a strip casting method. PO Resp. 28–45.
Petitioner further argues that “[o]ne of ordinary skill would have been
motivated to use a material alloy formed by the rapid cooling method taught
by Yamamoto with the pulverization techniques taught by Ohashi and
Hasegawa in order to pulverize an [R—Fe—B] alloy more uniformly.” Pet.
24 (citing Ex. 1002 ¶¶ 87–89) (emphasis omitted). Petitioner also alleges
that the rapid cooling (strip cast) method of Yamamoto, and the ingot
method of Ohashi and Hasegawa, “are well known and interchangeable to
one of ordinary skill.” Id. (citing Ex. 1001, 1:35–45; Ex. 1002 ¶¶ 42–43,
87–89). Petitioner provides expert testimony that “one of ordinary skill
would have been motivated to combine these prior art teachings of Ohashi,
Hasegawa, and Yamamoto according to known methods to yield predictable
results. Such a modification also would have been obvious because it would
have involved the use of known techniques to improve a similar method.”
Ex. 1002 ¶ 92 (cited at Pet. 26).
Patent Owner counters that one of ordinary skill in the art would not
have been motivated to combine the teachings of Ohashi, Hasegawa, and
Yamamoto to arrive at the claimed invention. PO Resp. 28–45. Patent
Owner does not appear to dispute Petitioner’s contention that strip casting
would result in a more uniform alloy. In particular, Patent Owner
acknowledges that utilizing a strip casting method generates an alloy with
the R-rich phase distributed uniformly along the boundaries of columnar
R2Fe14B grains having a mean width of about 5–25 µm, as compared to an
27
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alloy generated by ingot casting, which results in randomly dispersed
regions of R-rich phase and α-Fe dendrites with columnar R2Fe14B grains
having a mean width of about 50–150 µm. Id. at 31–32 (citing Ex. 2009,
476).
Patent Owner, however, does dispute that generating a more uniform
alloy would motivate a person of ordinary skill in the art to utilize a strip
casting method in connection with the pulverization process of Ohashi as
modified by Hasegawa. PO Resp. 28–45. Patent Owner contends that the
more uniform composition of a strip cast alloy, as compared to an ingot cast
alloy, would result in a smaller average particle size and a powder
distribution that is relatively uniform in particle size and shape during
hydrogen pulverization. Id. at 33 (citing Ex. 2002 ¶ 108; Ex. 2010, 3277,
Fig. 6; Ex. 1001, 2:18–23, 8:66–9:3). Patent Owner recognizes that “finely
milled R2Fe14B phase particles [on the order of 1–5 µm] improve the density
of the magnet, thereby positively impacting the magnetic resonance and
coercivity as well as the mechanical integrity of the final magnet” (id. at 38
(citing Ex. 2002 ¶ 112)), but explains that more finely milled particles would
then have to be removed as part of Ohashi’s particle removal step, thereby
resulting in a significantly diminished yield (id. at 30–31, 35–37). Patent
Owner argues that Petitioner “ignores the[] consequences of changing
Ohashi’s recipe” (id. at 40) and “did not take into account the effect of an
increased amount of superfine powder from the ‘more uniform material
alloy’ on Ohashi’s or Hasegawa’s removal classification teachings” (id. at
41).
Petitioner, however, has supported its conclusion of obviousness
based on the interchangeability of ingot casting and strip casting and the
combination of prior art elements according to known methods to yield a
28
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predictable result. Pet. 24, 26 (citing Ex. 1002 ¶ 92). Petitioner has shown,
and Patent Owner has not disputed, that the claimed elements are known in
the art, albeit not combined in a single reference, and are used for their
known purpose. Id. at 25–26. We are persuaded that Petitioner has shown
sufficiently that a person of ordinary skill in the art would have known how
to combine Yamamoto’s strip casting method having a cooling rate in the
claimed range with the pulverization technique of Ohashi as modified by
Hasegawa using known methods. See Ex. 1002 ¶ 43 (“Rare earth elements
. . . are collected and are melted together to form a cast alloy using known
techniques to one of ordinary skill such as the ingot cast method or a strip
cast method.”); see also Ex. 1001, 1:36–45, 12: 24–29 (referring to material
alloy being produced by two types of methods—ingot casting and rapid
cooling—and stating that the present invention was applicable to both an
ingot method and a rapid cooling method); Ex. 1002 ¶ 87 (“The ingot or
strip cast methods are interchangeable to those skilled in the art.”).
Petitioner has also shown that a person of ordinary skill in the art would
have recognized the results of the combination to be predictable. Ex. 1002
¶ 92; Pet. Reply 24 (“[A] person of ordinary skill would have known how to
mitigate the reduction in yield that [Patent Owner] suggests would be
inherently present in the modified Ohashi process.”).
Patent Owner argues that “magnet manufacturing is a far more
complicated process than the Petitioner’s arguments make it out to be,” and
that “if you make a change in any part of this total process, then you are
going to have to . . . investigate to see do you need to make compensations
in other parts of the process as well. And that simply is going to be beyond
what one of ordinary skill in the art would be able to do.” Tr. 62:9–11, 20–
25. Patent Owner further argues that the difference in the level of ordinary
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skill proffered by Patent Owner and Petitioner will affect whether the skilled
artisan is able to modify the rare-earth magnet manufacturing process while
taking into account critical parameters. See id. at 64:3–13. Patent Owner
also argues that “fine-tuning or optimization of [the subject matter of the
’765 patent] is going far beyond that of the level of ordinary skill of both of
what [Patent Owner’s expert] and of what [Petitioner’s expert] have
defined.” Id. at 65:25–66:2.
Although Patent Owner argues that fine-tuning the magnet-making
process to achieve desired characteristics is beyond the level of ordinary
skill, Patent Owner has not explained persuasively that the combination of
Yamamoto’s strip casting at particular cooling rates with the pulverization
techniques of Ohashi as modified by Hasegawa would have been
unpredictable to one of ordinary skill in the art. That is, one of skill in the
art would have understood that changing the method of producing the alloy
would affect the resulting alloy (as described above), even if one of skill in
the art would not have known exactly how to fine-tune the magnet making
process to achieve the same alloy. Moreover, given the only slight
differences between the levels of ordinary skill proffered by Petitioner and
Patent Owner, we are not persuaded that having slightly fewer number of
years of experience of work and research in the field of rare earth magnets
(as proffered by Patent Owner) would significantly change what would be
predictable to a person of ordinary skill in the art, considering that the
person of ordinary skill is a hypothetical person aware of all of the pertinent
prior art. The parties fail to provide a credible explanation on this record as
to how the alleged difference in experience levels for a person of ordinary
skill in the art would alter our analysis of the record.
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Patent Owner also argues that one with ordinary skill in the art, for
various considerations, such as diminished yield, would not have
implemented a strip casting method having cooling rates in the claimed
range in connection with the pulverization technique of Ohashi as modified
by Hasegawa. PO Resp. 28–42. Whether implementation of Yamamoto’s
strip casting method makes commercial sense does not control the
obviousness determination. Patent Owner has not provided persuasive
reasoning or evidence to support its contention that one of skill believed
there to be some technological incompatibility that prevented the
combination of Yamamoto’s strip casting method having cooling rates in the
claimed range with the pulverization technique of Ohashi as modified by
Hasegawa; that the combination was unpredictable in some way; or that one
with ordinary skill in the art would not have known how to use Yamamoto’s
strip casting method with the pulverization technique of Ohashi as modified
by Hasegawa. See Orthopedic Equip. Co. v. United States, 702 F.2d 1005,
1013 (Fed. Cir. 1983) (“[T]he fact that the two [prior art disclosures] would
not be combined by businessmen for economic reasons is not the same as
saying that it could not be done because skilled persons in the art felt that
there was some technological incompatibility that prevented their
combination. Only the latter fact is telling on the issue of
nonobviousness.”).
We appreciate Patent Owner’s argument that “an invention ‘composed
of several elements is not proved obvious merely by demonstrating that each
of its elements was, independently, known in the prior art.” PO Resp. 40
(citing KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 418 (2007)). Petitioner,
however, has set forth a sufficient rationale to arrive at what is claimed.
Specifically, Petitioner has demonstrated that the claims represent the
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combination of prior art elements according to known methods to yield a
predictable result. See KSR, 550 U.S. at 416 (“The combination of familiar
elements according to known methods is likely to be obvious when it does
no more than yield predictable results.”). This is itself a sufficient reason
with rational underpinning to support a conclusion of obviousness. This is
especially true where the evidence supports that consideration of design
incentives, such as the provision of a “lower cost, more productive [process]
better suited for higher volume manufacturing” would have led one of
ordinary skill to pursue the predictable combination of elements. Pet. Reply
24 (citing Ex. 2003, 109:10–20).
Patent Owner also argues that “one of the purposes of Ohashi is ‘to
effectively prevent oxidation of the too fine particles’” (PO Resp. 43 (citing
Ex. 1004, Abstr.)), and that “[h]ydrogen pulverizing a strip cast alloy,
however, increases the likelihood of oxidation of the pulverized particles (id.
at 44 (citing Ex. 2014, 3:1–21; Ex. 1001, 2:5–7; Ex. 1005, Abstr., ¶ 3)).
Patent Owner continues that “[g]iven this increased likelihood of oxidation
when coarsely pulverizing a strip cast alloy via hydrogen pulverization,
modifying Ohashi to use Yamamoto’s strip cast alloy and Hasegawa’s
hydrogen pulverization would render Ohashi unsatisfactory for its intended
purpose of preventing oxidation.” Id. at 45 (citing Ex. 2002 ¶ 113).
We disagree with Patent Owner. The use of strip casting to produce
an alloy for producing an R—Fe—B type rare earth magnet and the use of
hydrogen pulverization to coarsely pulverize the alloy to produce an R—
Fe—B type rare earth magnet is not inconsistent with Ohashi’s described
purpose of “the preparation of an alloy-type permanent magnet mainly
composed of a rare earth element, . . . iron and boron having outstandingly
high stability against otherwise possible changes in the magnetic properties
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in the lapse of years for service.” Ex. 1004, 1:10–15. Modifying Ohashi in
accordance with the teachings of Hasegawa and Yamamoto would not
impede the broad intended purpose of Ohashi. Like Ohashi, both Hasegawa
and Yamamoto are directed to methods of producing rare earth magnets. In
addition, Ohashi contemplates removal of fine powder to address concerns
that even conducting the pulverization in an atmosphere of a non-oxidizing
or inert gas “is still insufficient so that oxidation of the alloy powder
proceeds faster or slower throughout the processes of pulverization,
transportation, storage and subsequent processing resulting in a decrease or
poor reproducibility of the magnetic properties of the permanent magnets
prepared from the alloy powder.” Id. at 1:64–2:2.
In considering the entirety of the record, we are persuaded that a
person of ordinary skill in the art would have combined the teachings of
Ohashi and Hasegawa with the teachings of Yamamoto according to known
methods to yield a predictable result. We credit Dr. Ormerod’s testimony
that the claimed elements were known in the art and were used for their
known purposes (Ex. 1002 ¶¶ 90–94), that a person of ordinary skill in the
art could have combined the known elements by known methods (id. ¶ 87),
and that one of ordinary skill would have recognized the results of the
combination to be predictable (id. ¶ 92). We also credit the evidence
supporting that consideration of design incentives, such as the provision of a
“lower cost, more productive [process] better suited for higher volume
manufacturing” would have led one of ordinary skill to pursue the
predictable combination of elements. Pet. Reply 24 (citing Ex. 2003,
109:10–20).
Petitioner has presented sound reasoning with rational underpinnings
in urging that an ordinarily skilled artisan would have utilized Yamamoto’s
33
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strip casting method having cooling rates in the claimed range in connection
with the pulverization technique of Ohashi as modified by Hasegawa. After
considering Petitioner’s and Patent Owner’s positions, as well as their
supporting evidence, we conclude that Petitioner has demonstrated, by a
preponderance of the evidence, that dependent claims 11 and 12 of the ’765
patent would have been obvious over the combined teachings of Ohashi,
Hasegawa, and Yamamoto under 35 U.S.C. § 103(a).
E. Obviousness of Claim 15 over Ohashi, Hasegawa, and Kishimoto
1. Overview of Kishimoto
Kishimoto discloses “a process for producing rare earth iron-based
sintered permanent magnets of high performance, which predominantly
comprise one or more rare earth metals, boron, and iron . . . and to a powder
mixture for use in compaction to produce rare earth iron sintered permanent
magnets by such a process.” Ex. 1008, 1:5–10. Kishimoto further discloses
the addition of “a small proportion of a lubricant . . . to the powder in order
to ensure mobility of the alloy powder during compaction and facilitate mold
release.” Id. at 2:35–39. Kishimoto explains that if the mobility of the alloy
powder is insufficient, “friction between the powder and the mold . . . may
cause flaws, delaminations, or cracks to occur on the surface of the die or
green compact,” or may inhibit rotation of the powder that is “required to
align the readily magnetizable axes of individual particles of the alloy
powder along the direction of the applied magnetic field so as to develop
magnetic anisotropy.” Id. at 2:40–48.
2. Obviousness of Claim 15
Patent Owner directs no credible arguments specifically to dependent
claim 15 with regard to the challenge for obviousness over Ohashi,
Hasegawa, and Kishimoto. Instead, Patent Owner argues the purported
34
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deficiencies of Ohashi and Hasegawa that it argued with respect to
independent claim 1, stating that Kishimoto does not make up for these
deficiencies. PO Resp. 22. For the same reasons as described above, we are
not persuaded of any deficiencies in the combination of Ohashi and
Hasegawa in Petitioner’s challenge.
Claim 15 depends from claim 1 and further recites “the step of adding
a lubricant to the powder obtained in said pulverization step.” Ex. 1001,
14:28–30. Petitioner alleges that claim 15 would have been obvious over the
combination of Ohashi, Hasegawa, and Kishimoto. Pet. 26–28. Petitioner
relies on the combination of Ohashi and Hasegawa for every element of
claim 15, except for the recitation of “adding a lubricant to the powder
obtained in said pulverization step.” Id. at 27–28 (emphasis added).
Petitioner argues that Kishimoto teaches that “before compaction ‘a small
proportion of a lubricant is normally added to the powder in order to ensure
mobility of the alloy powder during compaction and facilitate mold
release.’” Id. at 27 (quoting Ex. 1008, 2:35–40). Petitioner argues that
“[o]ne of ordinary skill would have been motivated to add a lubricant taught
by Kishimoto to the fine alloy powder taught in Ohashi and Hasegawa in
order to ensure the mobility of the alloy powder and assist in compaction.”
Id.; Ex. 1002 ¶ 95.
We credit Dr. Ormerod’s testimony that Kishimoto teaches the
limitations of dependent claim 15 and that one of skill in the art would have
been motivated to modify the method of Ohashi and Hasegawa to add a
lubricant as taught by Kishimoto, as outlined above. We are persuaded that
Petitioner presents sufficient evidence, as outlined above, to support a
conclusion that the combination of Ohashi, Hasegawa, and Kishimoto
renders obvious the subject matter of dependent claim 15. After considering
35
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Petitioner’s and Patent Owner’s positions, as well as their supporting
evidence, we conclude that Petitioner has demonstrated, by a preponderance
of the evidence, that dependent claim 15 of the ’765 patent would have been
obvious over the combination of Ohashi, Hasegawa, and Kishimoto under
35 U.S.C. § 103(a).
III.

CONCLUSION
We determine Petitioner has established, by a preponderance of the

evidence, that claims 1–4, 14, and 16 are unpatentable under 35 U.S.C.
§ 103(a) as obvious over the combination of Ohashi and Hasegawa; claims
11 and 12 are unpatentable under 35 U.S.C. § 103(a) as obvious over the
combination of Ohashi, Hasegawa, and Yamamoto; and claim 15 is
unpatentable under 35 U.S.C. § 103(a) as obvious over the combination of
Ohashi, Hasegawa, and Kishimoto.
IV.

ORDER
For the reasons given, it is
ORDERED that claims 1–4, 11, 12, and 14–16 of the ’765 patent have

been shown by a preponderance of the evidence to be unpatentable.
This is a Final Written Decision. Parties to this proceeding seeking
judicial review of our decision must comply with the notice and service
requirements of 37 C.F.R. § 90.2.
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ABSTRACT

The method for manufacturing alloy powder for R-Fe-B
type rare earth magnets of the present invention includes a
first pulverization step of coarsely pulverizing a material
alloy for rare earth magnets and a second pulverization step
of finely pulverizing the material alloy. In the first pulverization step, the material alloy is pulverized by a hydrogen
pulverization method. In the second pulverization step,
easily oxidized super-fine powder (particle size: 1.0 µm or
less) is removed to adjust the particle quantity of the
super-fine powder to 10% or less of the particle quantity of
the entire powder.
11 Claims, 3 Drawing Sheets
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RARE EARTH MAGNET AND METHOD FOR
MANUFACTURING THE SAME

dispersed crystal grains, the area of grain boundaries is wide,
and thus the R-rich phase spreads thinly over the grain
boundaries. This results in good dispersion of the R-rich
phase.
When a rare earth alloy (especially a rapidly solidified
alloy) is coarsely pulverized in a hydrogen embrittlement
process where the rare earth alloy first occludes hydrogen
(this way of pulverization is herein called "hydrogen
pulverization"), the R-rich phase portions existing at grain
boundaries react with hydrogen and expand. This tends to
cause the alloy to crack from the R-rich phase portions
(grain boundary portions). Therefore, the R-rich phase tends
to be exposed on the surfaces of particles of the rare earth
alloy powder obtained by the hydrogen pulverization. In
addition, in the case of a rapidly solidified alloy, where the
R-rich phase portions are fine and highly dispersed, the
R-rich phase particularly tends to be exposed on the surfaces
of the hydrogen-pulverized powder.
According to experiments performed by the present
inventors, when the coarsely pulverized powder in the above
state is finely pulverized by a jet mill or the like, R-rich
super-fine powder (fine powder having a particle size of 1
µm or less) is produced. Such R-rich super-fine powder
particles oxidize very easily compared with other powder
particles (having a relatively large particle size) that contain
a relatively smaller amount of R. Therefore, if a sintered
magnet is produced from the resultant finely pulverized
powder without removing the R-rich super-fine powder,
oxidation of the rare earth element vigorously proceeds
during the manufacturing process steps. The rare earth
element R is thus consumed for reacting with oxygen, and
as a result, the production amount of the R 2 T 14B crystal
phase as the major phase decreases. This results in reducing
the coercive force and remanent flux density of the resultant
magnet and deteriorating the squareness of the demagnetization curve, which is the second quadrant curve of the
hysteresis loop.
In order to prevent oxidation of the R-rich finely pulverized powder, the entire process from pulverizing through
sintering may ideally be performed in an inert atmosphere.
It is however very difficult to realize this in a massproduction scale in production facilities.
There is proposed a method for solving the above
problem, where fine pulverization is performed in an inert
atmosphere containing a trace amount of oxygen, to intentionally coat the surfaces of finely pulverized powder particles with a thin oxide film to thereby suppress fast oxidation of the powder particles in the atmosphere.
However, the present inventors have found that the above
method fails to sufficiently improve the final magnet properties and maintain the properties at the highest level, as long
as the finely pulverized powder contains R-rich super-fine
powder in a percentage equal to or more than a predetermined value.
An object of the present invention is to provide alloy
powder for R-Fe-B type rare earth magnets capable of
sufficiently improving and stabilizing the magnet properties.
Another object of the present invention is to provide alloy
powder for R-Fe-B type rare earth magnets capable of
sufficiently improving the final magnet properties and maintaining the properties at the highest level even when a
material alloy including an R-rich phase is used and such a
material alloy is coarsely pulverized by the hydrogen pulverization method.

BACKGROUND OF THE INVENTION
The present invention relates to methods for manufacturing R-Fe-B type rare earth magnets, alloy powder for
such magnets, and magnets produced by such methods.
Rare earth sintered magnets are produced by pulverizing
an alloy for rare earth magnets to form alloy powder,
compacting the alloy powder, and subjecting the alloy
powder to sintering and aging. Presently, as the rare earth
sintered magnets, two types of magnets, that is, samariumcobalt magnets and neodymium-iron-boron magnets, are
extensively used in various fields. In particular, neodymiumiron-boron magnets (hereinafter, referred to as "R-Fe-B
type magnets", where R is any rare earth element and/or Y,
Fe is iron, and B is boron), which exhibit the highest
magnetic energy product among a variety of magnets and
have a comparatively low cost, have been vigorously
applied to various types of electronic equipment. Note that
a transition metal element such as Co may substitute for part
of Fe and C may substitute for part of B.
Powder of the material alloy for R-Fe-B type rare earth
magnets may be produced by a method including a first
pulverization process for coarsely pulverizing the material
alloy and a second pulverization process for finely pulverizing the material alloy. In general, in the first pulverization
process, the material alloy is coarsely pulverized to a size of
the order of several hundred micrometers or less using a
hydrogen embrittlement apparatus. In the second pulverization process, the coarsely pulverized alloy (coarsely pulverized powder) is finely pulverized to an average particle size
of the order of several micrometers with a jet mill or the like.
The material alloy can be produced by methods largely
classified into two types. The first type is an ingot casting
method where a molten alloy is poured into a mold and
cooled comparatively slowly. The second type is a rapid
cooling method, typified by a strip casting method and a
centrifugal casting method, where a molten material alloy is
put into contact with a single chill roll, twin chill rolls, a
rotary chill disk, a rotary cylindrical chill mold, or the like,
to be rapidly cooled thereby producing a solidified alloy
thinner than an ingot cast alloy.
In the rapid cooling method, the molten alloy is cooled at
a rate in the range between 1022 ° C./sec and 104 ° C./sec. The
resultant alloy produced by the rapid cooling method has a
thickness in the range between 0.03 mm and 10 mm. The
molten alloy starts solidifying at the face that comes into
contact with a chill roll. From the roll contact face, crystal
grows in the thickness direction into the shape of pillars or
needles. The resultant rapidly solidified alloy therefore has
a fine crystal structure including portions of a R 2 T 14B
crystal phase having a size in the range between 0.1 µm and
100 µmin the minor-axis direction and in the range between
5 µm and 500 µm in the major-axis direction, and portions
of an R-rich phase dispersed at grain boundaries of the
R 2 T14B crystal phase portions. The R-rich phase is a nonmagnetic phase in which the concentration of any rare earth
element R is relatively high, and has a thickness (which
corresponds to the width of the grain boundaries) of 10 µm
or less.
Because the rapidly solidified alloy is cooled in a relatively short time compared with an ingot alloy produced by
a conventional ingot casting method, the alloy has a fine
structure and is small in grain size. In addition, with finely
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includes a first pulverization step of coarsely pulverizing a
material alloy for rare earth magnets and a second pulverization step of finely pulverizing the material alloy, wherein
the first pulverization step comprises a step of pulverizing
the material alloy by a hydrogen pulverization method, and
the second pulverization step comprises a step of removing
at least part of fine powder having a particle size of 1.0 µm
or less to adjust the particle quantity of the fine powder
having a particle size of 1.0 µm or less to 10% or less of the
particle quantity of the entire powder.
In a preferred embodiment, the average concentration of
the rare earth element contained in the fine powder having
a particle size of 1.0 µm or less is greater than the average
concentration of the rare earth element contained in the
entire powder.
Alternatively, the method for manufacturing alloy powder
for R-Fe-B type rare earth magnets of the present invention includes a first pulverization step of coarsely pulverizing a material alloy for rare earth magnets produced by a
rapid cooling method and a second pulverization step of
finely pulverizing the material alloy, wherein the second
pulverization step comprises a step of removing at least part
of powder in which the concentration of the rare earth
element is greater than the average concentration of the rare
earth element contained in the entire powder, to reduce the
average concentration of oxygen bound with the rare earth
element contained in the powder.
In the second pulverization step, the alloy is preferably
finely pulverized using a high-speed flow of a gas.
Preferably, a predetermined amount of oxygen is contained in the gas. In this case, the concentration of the
oxygen is preferably adjusted to be in the range between
0.05% and 3% by volume.
Plural types of rare earth alloys different in rare earth
content may be used as the material alloy for rare earth
magnets.
In an embodiment, the first pulverization step is performed separately for the plural types of rare earth alloys
different in rare earth content, and the second pulverization
step is performed one time together for the plural types of
rare earth alloys different in rare earth content.
In another embodiment, the first and second pulverization
steps are performed separately for the plural types of rare
earth alloys different in rare earth content, and after the
second pulverization step, the plural types of rare earth alloy
powder are mixed together.
The alloys may be finely pulverized using a jet mill.
In a preferred embodiment, a classifier is provided following the jet mill for classifying powder output from the jet
mill.
In a preferred embodiment, the material alloy for rare
earth magnets is obtained by cooling a molten material alloy
at a cooling rate in a range between 102 ° C./sec and 1040
C./sec.
The molten material alloy is preferably cooled by a strip
casting method.
In a preferred embodiment, the average particle size of the
powder obtained in the first pulverization step is 200 to 1000
µm. When the material alloy for rare earth magnets is
produced by a rapid cooling method, the average particle
size of the powder is typically 500 µm or less.
The average particle size of the powder obtained in the
second pulverization step is preferably in a range between 2
µm and 10 µm.
Preferably, the method further includes the step of adding
a lubricant to the powder obtained in the second pulverization step.

The method for manufacturing an R-Fe-B type rare
earth magnet of the present invention includes the steps of:
preparing alloy powder for R-Fe-B type rare earth magnets produced by any of the methods for manufacturing
alloy powder for R-Fe-B type rare earth magnets
described above; and compacting the alloy powder for
R-Fe-B type rare earth magnets to produce a permanent
magnet.
Alternatively, the method for manufacturing an
R-Fe-B type rare earth magnet of the present invention
includes the steps of: preparing first alloy powder for
R-Fe-B type rare earth magnets produced by any of the
methods for manufacturing alloy powder for R-Fe-B type
rare earth magnets described above; preparing second alloy
powder for R-Fe-B type rare earth magnets different
from the first alloy powder in rare earth content; forming
mixed powder by mixing the first alloy powder and the
second alloy powder; compacting the mixed powder to
produce a compact; and sintering the compact to produce a
permanent magnet.
The alloy powder for R-Fe-B type rare earth magnets
of the present invention has an average particle size in a
range of 2 µm and 10 µm, and the particle quantity of fine
powder having a particle size of 1.0 µm or less is adjusted
to 10% or less of the particle quantity of the entire powder.
In a preferred embodiment, the alloy powder is obtained
by cooling a molten material alloy at a cooling rate in a range
between 102 ° C./sec and 104 ° C./sec and pulverizing the
resultant alloy.
The R-Fe-B type rare earth magnet of the present
invention is produced from the alloy powder for R-Fe-B
type rare earth magnets described above.
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FIG. 1 is a graph showing an exemplary temperature
profile in the hydrogen pulverization performed in the rough
pulverization process according to the present invention.
FIG. 2 is a cross-sectional view of the construction of a jet
mill suitably used in the fine pulverization process according
to the present invention.
FIG. 3 is a graph showing a particle size distribution of the
alloy powder for rare earth magnets of the present invention.
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The present invention was attained based on the findings
by the present inventors that if alloy powder for R-Fe-B
type rare earth magnets contains R-rich super-fine powder
having a particle size of 1 µm or less in excess of a
predetermined percentage, the magnet properties of permanent magnets produced by sintering a compact made of such
alloy powder are deteriorated.
In the method according to the present invention, after a
material alloy for rare earth magnets is coarsely pulverized
and before a fine pulverization step is finished, at least part
of R-rich super-fine powder, i.e., powder having a particle
size of 1 µm or less, is removed to adjust the particle quantity
of the R-rich super-fine powder to 10% or less of the particle
quantity of the entire powder. The rare earth element R
contained in the R-rich super-fine powder has the concentration of 38 wt % or more, which is higher than the average
concentration of R contained in the entire powder.
Therefore, the removal of part of the R-rich super-fine
powder can reduce the concentration of R contained in the
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entire powder. Reduction in the concentration of the rare
Subsequently, a dehydrogenation step III is executed
earth element R might appear disadvantageous at first
under a reduced pressure of 0 to 3 Pa for 5.0 hours, and then
glance, since the rare earth element R is indispensable for
a material alloy cooling step IV is performed for 5.0 hours
the R 2 T 14B crystal phase as the major phase providing hard
while feeding argon gas into the furnace.
magnetism. However, the rare earth element R contained in
From the aspect of cooling efficiency, the cooling step IV
the super-fine powder removed will otherwise be consumed
is preferably performed in the following manner. When the
for reacting with oxygen and will not significantly contribute
temperature of the atmosphere in the furnace is still comto generation of the R 2 T14B crystal phase. Therefore, by
paratively high in the cooling step IV (for example, when it
removing the R-rich super-fine powder, the amount of
is more than 100 ° C.), the inert gas having an ordinary
oxygen contained in the entire powder can eventually be 10 temperature is fed into the furnace for cooling. When the
reduced. This results in rather increasing the amount of the
temperature of the material alloy drops to a comparatively
R 2 T14B crystal phase contained in the resultant sintered
low level (for example, when it is 100° C. or less), the inert
magnet, and thus improves the magnetic properties of the
gas cooled to a temperature lower than the ordinary temmagnet.
perature (for example, a temperature lower than room temAccording to experiments by the present inventors, R-rich 15 perature by about 10 ° C.) is fed into the furnace. Argon gas
may be fed at a volume flow rate of about 10 to 100 m 3 per
super-fine powder is apt to be produced when a rapidly
minute.
solidified alloy such as a strip cast alloy is pulverized and
when the hydrogen pulverization method is employed for
Once the temperature of the material alloy drops to as low
coarse pulverization, as described above. Therefore, in an
as about 20 to 25° C., the inert gas having roughly a
exemplary embodiment of the present invention to be 20 temperature within about 5° C. of room temperature is fed
described hereinafter, a rapidly solidified alloy is coarsely
into the hydrogen furnace until the temperature of the
pulverized by the hydrogen pulverization method and then
material alloy reaches the ordinary temperature level. By
finely pulverized. In addition, when a jet mill is used to
following the above procedure, it is possible to avoid
perform fine pulverization under a high-speed flow of inert
occurrence of condensation inside the furnace when the lid
gas, a gas flow classifier using centrifugal force may be 25 of the hydrogen furnace is opened. If water exists inside the
provided following the jet mill to enable effective removal
furnace due to condensation, the water will be frozen/
of R-rich super-fine powder (particle size: 1 µm or less) from
vaporized in the evacuation step. This makes it difficult to
finely pulverized powder carried in the gas flow. In the
increase the degree of vacuum and thus disadvantageously
following embodiment, therefore, a jet mill is used for fine
increases the time required for the evacuation step I.
30
pulverization.
After the hydrogen pulverization, the coarsely pulverized
Hereinafter, the embodiment of the present invention will
alloy powder should preferably be taken out from the
be described with reference to the accompanying drawings.
hydrogen furnace in an inert gas atmosphere so as not to be
in contact with the atmosphere. This prevents oxidation/heat
Material Alloy
generation of the coarsely pulverized powder and thus
35
serves to improve the magnetic properties of the resultant
First, a material alloy for R-Fe-B magnets having a
magnet. The coarsely pulverized material alloy is then filled
desired composition is prepared by a known strip casting
in a plurality of material packs, and the packs are put on a
method and stored in a container. Specifically, an alloy
rack. Any apparatus and methods for the hydrogen pulverihaving a composition of 30.8 wt% (atomic percent) of Nd,
3.8 wt % of Pr, 0.8 w % of Dy, 1.0 wt % of B, 0.9 wt % of 40 zation described in U.S. Pat. No. 6,403,024, which is incorporated herein by reference, are useful in the present invenCo, 0.23 wt% of Al, 0.10 wt% of Cu, and Fe as balance with
tion.
inevitably contained impurities is melted by high-frequency
By the hydrogen pulverization, the rare earth alloy is
melting, to form a molten alloy. The molten alloy is kept at
pulverized to a size in the range between about 0.1 mm and
1350 and then cooled by a single chill roll method, to obtain
alloy strips or flakes having a thickness of about 0.3 mm. 45 several millimeters with an average particle size of 200 to
1000 µm. After the hydrogen pulverization, the embrittled
The cooling process is performed under the conditions of a
material alloy is preferably further cracked to a finer size and
roll circumferential velocity of about 1 m/sec, a cooling rate
cooled with a cooling apparatus such as a rotary cooler. In
of 500 ° C./sec, and subcooling to 200 ° C. The thusthe case of taking out the material while the temperature of
produced rapidly solidified alloy is crushed to smaller flakes
having a size of 1 to 10 mm before being subjected to 50 the material is still comparatively high, the cooling time with
the rotary cooler or the like may be made relatively longer.
hydrogen pulverization. Production of a material alloy by
the strip casting method is disclosed in U.S. Pat. No.
Second Pulverization Process
5,383,978, for example.
Next, the coarsely pulverized powder produced in the first
First Pulverization Process
55 pulverization process is finely pulverized (or milled) with a
jet mill. To the jet mill used in this embodiment, a cyclone
The coarsely crushed material alloy flakes are then filled
classifier is connected for removal of fine powder.
in a plurality of material packs made of stainless steel, the
Hereinafter, the fine pulverization process (second pulpacks are put on a rack, and the rack is placed in a hydrogen
verization process) using the jet mill will be described in
furnace. The hydrogen furnace is then covered with a lid to
start the hydrogen pulverization process, according to a 60 detail with reference to FIG. 2.
The illustrated jet mill unit denoted by the reference
temperature profile shown in FIG. 1, for example. In the
example shown in FIG. 1, an evacuation step I is first
numeral 10 includes: a material feeder 12 for feeding the
executed for 0.5 hours, followed by a hydrogen occlusion
rare earth alloy coarsely pulverized in the first pulverization
step II for 2.5 hours. In the hydrogen occlusion step II,
process; a pulverizer 14 for pulverizing the material to be
hydrogen gas is fed into the furnace to produce a hydrogen 65 pulverized fed from the material feeder 12; a cyclone
atmosphere inside the furnace. The hydrogen pressure at this
classifier 16 for classifying powder obtained by pulverizing
time is preferably about 200 to 400 kPa.
the material to be pulverized with the pulverizer 14; and a
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collecting tank 18 for collecting powder having a predetermined particle size distribution classified with the cyclone
classifier 16.
The material feeder 12 includes a material tank 20 for
receiving the material to be pulverized, a motor 22 for
controlling the feed amount of the material to be pulverized
from the material tank 20, and a spiral screw feeder 24
connected to the motor 22.
The pulverizer 14 includes a vertically-mounted roughly
cylindrical pulverizer body 26. In the bottom portion of the
pulverizer body 26, formed are a plurality of nozzle fittings
28 for receiving nozzles through which an inert gas (for
example, nitrogen) is jet at high speed. A material feed pipe
30 is connected to the pulverizer body 26 at the sidewall
thereof for feeding the material to be pulverized into the
pulverizer body 26.
The material feed pipe 30 is provided with a pair of valves
32, composed of an upper valve 32a and a lower valve 32b,
for holding the material to be fed temporarily and confining
the pressure inside the pulverizer 14. The screw feeder 24
and the material feed pipe 30 are coupled with each other via
a flexible pipe 34.
The pulverizer 14 also includes a classifying rotor 36
placed in the upper portion of the pulverizer body 26, a
motor 38 placed outside the upper position of the pulverizer
body 26, and a connection pipe 40 placed through the upper
portion of the pulverizer body 26. The motor 38 drives the
classifying rotor 36, and the connection pipe 40 discharges
the powder classified with the classifying rotor 36 outside
the pulverizer 14.
The pulverizer 14 includes a plurality of support legs 42,
and is secured to a base 44 surrounding the pulverizer 14
with the legs 42 attached to the base 44. In this embodiment,
weight detectors 46 such as load cells are placed between the
legs 42 and the base 44. Based on the outputs from the
weight detectors 46, a control section 48 controls the rotational speed of the motor 22 to thereby control the feed
amount of the material to be pulverized.
The cyclone classifier 16 includes a classifier body 64 and
an exhaust pipe 66 extending downward in the classifier
body 64 from above. An inlet 68 is formed at the sidewall
of the classifier body 64, to connect the classifier body 64
with the connection pipe 40 through a flexible pipe 70 for
receiving the powder classified with the classifying rotor 36.
An outlet 72 is formed at the bottom of the classifier body
64, to connect the classifier body 64 with the collection tank
18 for collection of desired finely pulverized powder.
The flexible pipes 34 and 70 are preferably made of resin
or rubber, or made of a highly rigid material constructed in
an accordion or coil shape to provide flexibility. By using
such flexible pipes 34 and 70, changes in the weights of the
material tank 20, the screw feeder 24, the classifier body 64,
and the collecting tank 18 are not transferred to the legs 42.
This makes it possible to correctly detect the weight of the
material to be pulverized remaining in the pulverizer 14, as
well as a change of the weight, with the weight detectors 46
placed on the legs 42.
Next, the pulverization with the jet mill 10 will be
described.
First, the material to be pulverized is put into the material
tank 20, for being fed to the pulverizer 14 through the screw
feeder 24. The feed amount of the material to be pulverized
can be regulated by controlling the rotational speed of the
motor 22. The material fed from the screw feeder 24 is
temporarily held at the valves 32. The upper and lower
valves 32a and 32b open and close alternately. Specifically,

when the upper valve 32a is open, the lower valve 32b is
closed. When the upper valve 32a is closed, the lower valve
32b is open. By this alternate open/close operation of the
pair of valves 32a and 32b, the pressure inside the pulverizer
14 is prevented from leaking to the material feeder 12. In this
way, when the upper valve 32a is open, the material to be
pulverized is held between the pair of upper and lower
valves 32a and 32b, and when the lower valve 32b is open,
the material to be pulverized is guided through the material
feed pipe 30 to be introduced into the pulverizer 14. The
valves 32 are driven at high speed with a sequence circuit
(not shown) separate from the control circuit 48 so that the
material to be pulverized is sequentially fed into the pulverizer 14.
The material to be pulverized fed into the pulverizer 14 is
rolled up with high-speed jets of inert gas from the nozzle
fittings 28 and swirl together with high-speed gas flows
inside the pulverizer 14. While swirling, the particles of
material are finely milled by mutual collision with each
other.
Powder particles finely pulverized as described above are
guided upward with ascending gas flows to reach the classifying rotor 36, where the particles are classified and coarse
particles are dropped for further pulverization. Particles
having a size of a desired value or less pass through the
connection pipe 40 and the flexible pipe 70 to be introduced
into the classifier body 64 of the cyclone classifier 16 via the
inlet 68. Inside the classifier body 16, relatively large
powder particles having a size of a predetermined value or
more precipitate to be accumulated in the collecting tank 18
placed under the classifier body 64, while super-fine powder
particles are discharged together with the inert gas flows
through the exhaust pipe 66. In this embodiment, by removing the superfine powder through the exhaust pipe 66, the
particle quantity of the super-fine powder (particle size of 1
µm or less) is adjusted to 10% or less of that of the entire
powder collected in the collecting tank 18. By removing the
R-rich super-fine powder in this manner, it is possible to
reduce the amount of the rare earth element R in the resultant
sintered magnet that is consumed for reacting with oxygen,
and thus improve the magnet properties.
As described above, in this embodiment, the cyclone
classifier 16 having the blowing-up function is used as the
classifier following the jet mill (pulverizer 14). In the
cyclone classifier 16 of this type, super-fine powder having
a particle size of a predeternined value or less turns upward
without being collected into the collecting tank 18 and is
discharged outside through the pipe 66.
The particle size of the fine powder to be discharged
through the pipe 66 can be controlled by appropriately
determining cyclone parameters as those defined in "Powder
technology pocketbook", Kogyo Chosakai Publishing Co.,
Ltd., pp. 92-96 and regulating the pressure of the inert gas
flows.
FIG. 3 shows an example of the particle size distribution
of the powder obtained after the second pulverization process described above. As shown in FIG. 3, in this
embodiment, it is possible to obtain alloy powder of which
the average particle size is about 4.0 µm, for example, and
in which the particle quantity of super-fine powder having a
particle size of 1.0 µm or less is 10% or less of that of the
entire powder. The preferred average particle size of finely
pulverized powder used for manufacture of sintered magnets
is in the range between 2 µm and 10 µm. Note that in the
example shown in FIG. 3, since the material alloy used (strip
cast alloy) had a fine metal structure, the resultant particle
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size distribution was significantly sharp compared with that
of the conventional ingot alloy powder. In this embodiment,
the pulverization condition is adjusted so that the particle
quantity of coarse powder having a particle size of 5 µm or
more should be 13% or less of that of the entire powder.
Reduction in the amount of such large powder particle
whose size is 5 µm or more improves the magnet properties
of the resultant sintered magnet. In this specification, the
"particle size" is defined by the particle dimension that is
measured with a Fisher Sub-Siever Sizer (F.S.S.S.) method.
In order to minimize the oxidation in the pulverization
process as much as possible, the oxygen amount in the
high-speed flow gas used during the fine pulverization
should preferably be reduced to about 0.02% to about 5% by
volume. A pulverization method including control of the
oxygen concentration in the high-speed flow gas is described
in Japanese Patent Examined Publication No. 6-6728. More
preferably, the oxygen amount in the inert gas may be
adjusted to the range of 0.05% to 3% by volume.
By controlling the oxygen concentration in an atmosphere
for fine pulverization as described above, the oxygen content
of the finely pulverized alloy powder is preferably adjusted
to 6,000 ppm by weight or less. If the oxygen content of the
rare earth alloy powder exceeds 6,000 ppm by weight, the
percentage of nonmagnetic oxides in the resultant sintered
magnet increases, resulting in deteriorating the magnetic
properties of the sintered magnet. The finely pulverized
powder particles are coated with an oxide layer as described
above. This permits compaction of the powder in the atmosphere.
In this embodiment, the control of the oxygen content of
the powder to 6,000 ppm by weight or less is possible by
regulating the oxygen concentration in the inert gas atmosphere during the fine pulverization because R-rich superfine powder has been appropriately removed. If R-rich
super-fine powder is not removed and thus the particle
quantity of super-fine powder exceeds 10% of that of the
entire powder, the oxygen content of the finally obtained
powder will exceed 6,000 ppm even when the oxygen
concentration in the inert gas atmosphere is reduced.
Thus, the removal of R-rich super-fine powder having a
particle size of 1 µm or less provides the following effects.
The flowability of the final powder obtained after the second
pulverization process improves. The crystal grain size is
made uniform after sintering. This improves the squareness
of the B-H demagnetization curve and thus results in a high
coercive force.
In this embodiment, the second pulverization process is
performed with the jet mill 10 constructed as shown in FIG.
2. The present invention is not limited to this, but a jet mill
having another construction or another type of pulverizer (an
attritor, a ball mill, or the like) may also be used. As the
classifier for removing super-fine powder, a centrifugal
classifier such as a FATONGEREN type classifier and a
micro-separator may also be used in place of the cyclone
classifier.

to isoparaffin is set at 1:9, for example. Such a liquid
lubricant provides the effect of protecting the powder particles from being oxidized by coating the surfaces of the
particles, and the function of improving the degree of
alignment of the powder particles during compaction and the
degree of powder compaction (that is, forming a compact
with a uniform density having no defects such as fractures
and cracks).
The type of the lubricant is not limited to that described
above. As the fatty ester, methyl caprylate, methyl laurylate,
methyl laurate, and the like may be used in place of methyl
caproate. As the solvent, petroleum solvents other than
isoparaffin and naphthenic solvents may be used. The lubricant may be added at any timing before, during, or after the
fine pulverization using the jet mill. In place of or in addition
to the liquid lubricant, a solid (dry) lubricant such as zinc
stearate may be used.
By coating the surfaces of the finely pulverized powder
particles as described above, oxidation of the powder can be
suppressed.
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The magnetic powder produced by the method described
above is compacted in a magnetic field for alignment using
a known press. Upon completion of compaction, a powder
compact is pressed upward with a lower punch to be taken
out from the press.
The compact is then placed on a sintering bedplate made
of molybdenum, for example, and mounted in a sintering
case together with the bedplate. The sintering case including
the compact is moved to a sintering furnace, where the
compact is subjected to a known sintering process to produce a sintered body. The sintered body is then subjected to
aging, surface polishing, and deposition of a protection film,
as required.
In this embodiment, since the powder to be compacted
contains only a small amount of easily-oxidizing R-rich
super-fine powder, heat generation and ignition due to
oxidation are not likely to occur immediately after the
compaction. Thus, the removal of R-rich super-fine powder
contributes to, not only improvement in magnetic properties,
but also improvement in safety.

45

50

55

Example and Comparative Example
As the example of the present invention, in the fine
pulverization process using the jet mill and the cyclone
classifier connected to each other, the pressure of the gas in
the cyclone classifier was controlled to change the amount of
super-fine powder contained in the collected powder. Nitrogen gas (99% by volume) with the addition of n gas (1 % by
volume) was used as a high-speed flow gas for the jet mill.

For samples 1 to 10, evaluated were the percentage of the
particle quantity of super-fine powder having a particle size
of 1 µm or less in the entire powder, the magnetic properties,
and the oxygen amount. The results are shown in Table 1.

Addition of Lubricant
In this embodiment, the finely pulverized powder produced in the manner described above is mixed with a
lubricant in an amount of 0.3 wt %, for example, in a rocking
mixer, so that the alloy powder particles are coated with the
lubricant. As the lubricant, a fatty ester diluted with a
petroleum solvent may be used. In this embodiment, methyl
caproate is used as the fatty ester and isoparaffin is used as
the petroleum solvent. The weight ratio of methyl caproate

TABLE 1

60
Sample
No.

65

APPX74

Percentage of
super-fine
powder(%)

!He
(kA/m)

0.5
1.0
3.0

1,009
1,003
1,003

(T)

Sinter
density
(g/cm3 )

Oxygen amount
(ppm)

1.42
1.42
1.41

7.65
7.60
7.65

2,900
3,050
3,200
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TABLE 1-continued
Sample
No.

Percentage of
super-fine
powder(%)

!He

Br

(T)

Sinter
density
(g/cm 3 )

(kA!m)

Oxygen amount
(ppm)

5.0
7.0
10.0
13.0
15.0

995
987
963
812
692

1.40
1.38
1.36
1.32
1.29

7.60
7.52
7.45
7.30
7.00

3,500
4,000
5,300
7,400
8,500

Note that samples 1 to 6 are examples of the present
invention, while samples 7 and 8 are comparative examples.
These samples were produced under the following conditions.
The powder prepared in the manner described in the
above embodiment was compacted to produce compacts
having a size of 15 mmx20 mmxlO mm. The pressure
applied was 98 MPa. During compaction, a magnetic field
(1.0 MNm) for alignment was applied in the direction in
which the thickness of the compact was 15 mm. After
compaction, the compact was sintered in an argon atmosphere at a temperature of 1,100° C. for two hours. After
aging was performed, the sintering density, the coercive
force iHc of the sintered magnet, and the residual magnetic
flux density Br were measured. Note that the oxygen
amounts in Table 1 are those in the respective alloy powders
measured after the fine pulverization.
As is observed from Table 1, the oxygen amount increases
and the sintering density decreases with increase of the
percentage of the particle quantity of super-fine powder
having a particle size of 1 µm or less in the entire powder.
As the percentage of the particle quantity of super-fine
powder having a particle size of 1 µm or less increased
beyond 10.0%, the oxygen amount exceeded 6,000 ppm by
weight and the sintering density fell short of 7.4 g/cm 3 . In
addition, both the coercive force iHc and the residual
magnetic flux density Br deteriorated.
On the contrary, when the percentage of the particle
quantity of super-fine powder having a particle size of 1 µm
or less was 10.0% or less, it was possible to obtain excellent
magnetic properties of a coercive force iHc of 900 Wm or
more and a residual magnetic flux density Br of 1.35 T or
more. In particular, when the percentage of the particle
quantity of the super-fine powder was 5.0% or less, better
magnetic properties were obtained, where the coercive force
iHc was as high as 990 Wm or more and the residual
magnetic flux density Br was as high as 1.4 Tor more. Most
of all, the best magnetic properties were obtained when the
percentage of the particle quantity of the super-fine powder
was 3.0% or less.
As described above, the oxygen amount in the pulverized
powder can be reduced by reducing the percentage of R-rich
super-fine powder existing in the rare earth alloy powder.
With the reduced oxygen amount, the density of the sintered
body can be sufficiently improved, and as a result, the
magnetic properties can be greatly improved.
The rare earth alloy powder particles used in the present
invention are ferromagnetic, and therefore tend to agglomerate together with a magnetic force, forming secondary
aggregated particles or cohered particles. For this reason, the
measurement results may not be correct when a conventional particle size distribution measurement method is
employed. In this example, therefore, the particle size distribution was measured in the following manner.
A powder sample is put in a beaker together with ethyl
alcohol and subjected to ultrasonic dispersion. After the
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supernatant in the beaker is removed, the resultant powder
sample is kneaded with a binder in a mortar to produce a
paste sample. The paste sample is then spread on a slide
glass free of flaws and stains, to prepare a sample cell
including a kneaded film having a uniform thickness. The
sample cell is immediately placed in a particle size distribution measuring apparatus before agglomeration of the
powder particles proceeds in the kneaded film. In the particle
size distribution measuring apparatus, the sample cell is
irradiated with a laser beam emitted from a laser light source
and scanned at a high speed. Changes in the intensity of the
laser beam that has passed through the sample cell are
detected, and based on the detection results, the particle size
distribution of the particles dispersed in the sample cell is
measured. This particle size distribution measurement can
be performed using a particle size distribution measuring
apparatus (GALAI CIS-1) from Galai Inc., for example.
Using this type of particle size distribution measuring
apparatus, the particle size can be directly determined from
the time required for the laser beam to pass over a particle,
utilizing the fact that the transmitted light amount decreases
when the laser beam is blocked by the particle during the
high-speed scanning.
Although the present invention was described as being
applied to a rapidly solidified alloy produced by a strip
casting method, it is also applicable to an alloy produced by
an ingot method. The effect of the present invention is also
exhibited for this alloy since R-rich super-fine powder is also
formed in the case of using this alloy.
In the above description, a single type of material alloy
having the same composition was used for the first and
second pulverization processes. The present invention is not
limited to this, but plural types of rare earth alloys different
in production method and rare earth content may be used as
the material to be pulverized. In other words, the present
invention is also applicable to the "two-alloy method" where
two types of rare earth alloy powder different in composition
are mixed, and the mixed powder is compacted and sintered.
Specifically, in the "two-alloy method", the first pulverization process may be performed separately for two types of
rare earth alloys different in rare earth content. The resultant
two types of coarsely pulverized powder may be mixed, and
then subjected to the second pulverization process.
Alternatively, both the first and second pulverization processes may be performed separately for plural types of rare
earth alloys different in rare earth content. Then, the resultant plural types of finely pulverized powder may be mixed
together. As yet another method, the present invention may
be applied to one of two types of alloys, while a conventional method being applied to the other type of alloy, and
the resultant two types of finely pulverized powder may be
mixed together.
The composition of the powder changes in the course of
the pulverization process. Therefore, in order to appropriately mix plural types of powder different in composition
and thereby adjust the composition of the mixed powder to
a target value with high precision, it is preferable to measure
the composition of the powder after completion of all the
pulverization processes and determine the mixture ratio
based on the measured value. In this case, plural types of
powder may be mixed at the stage of adding a lubricant to
the powder.
Thus, in the alloy powder for R-Fe-B type rare earth
magnets according to the present invention, the percentage
of a powder component that has a particle size of 1 µm or
less and is high in oxidation reactivity in the entire powder
is small. Therefore, it is possible to prevent the magnet
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properties from deteriorating due to oxidation of the rare
earth element R. This greatly improves the properties of
high-performance rare earth magnets, and also improves the
safety during manufacture of the magnets.
The present invention exhibits significant effects especially when a rapidly solidified alloy (for example, a strip
cast alloy) that is apt to generate R-rich super-fine powder is
used and when the hydrogen pulverization process is performed.
While the present invention has been described in a
preferred embodiment, it will be apparent to those skilled in
the art that the disclosed invention may be modified in
numerous ways and may assume many embodiments other
than that specifically set out and described above.
Accordingly, it is intended by the appended claims to cover
all modifications of the invention that fall within the true
spirit and scope of the invention.
What is claimed is:
1. A method for manufacturing alloy powder for
R-Fe-B rare earth magnets, comprising a first pulverization step of coarsely pulverizing an R-Fe-B alloy for rare
earth magnets produced by a rapid cooling method and a
second pulverization step of finely pulverizing the material
alloy,
wherein said second pulverization step comprises a step
of removing at least part of the powder in which the
concentration of rare earth element is greater than the
average concentration of rare earth element contained
in the entire powder.
2. The method of claim 1, said second pulverization step
including a step of finely pulverizing the alloy using a
high-speed flow of a gas.
3. The method of claim 2, wherein the gas comprises
oxygen.
4. The method of claim 3, wherein the concentration of
oxygen is adjusted to be in the range between 0.05% and 3%
by volume.

5. The method of claim 1, further comprising the step of
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producing the R-Fe-B alloy for rare earth magnets by
cooling a molten material alloy at a cooling rate in a range
between 102 ° C./sec and 104 ° C./sec.
6. The method of claim 5, wherein the molten material
alloy is cooled by a strip casting method.
7. The method of claim 1, wherein the average particle
size of the powder obtained in said first pulverization step is
500 µm or less.
8. The method of claim 1, wherein the average particle
size of the powder obtained in said second pulverization step
is in a range between 2 µm and 10 µm.
9. The method of claim 1, further comprising the step of
adding a lubricant to the powder obtained in said second
pulverization step.
10. A method for manufacturing an R-Fe-B rare earth
magnet comprising the steps of:
preparing alloy powder for R-Fe-B rare earth magnets
using the method of claim 1; and
compacting the alloy powder for R-Fe-B rare earth
magnets to produce a permanent magnet.
11. A method for manufacturing an R-FE-B rare earth
magnet comprising the steps of:
preparing first alloy powder for R-Fe-B rare earth
magnets using the method of claim 1;
preparing second alloy powder for R-Fe-B rare earth
magnets different from the first alloy powder in rare
earth content;
mixing the first alloy powder and the second alloy
powder, forming mixed powder;
compacting the mixed powder to produce a compact; and
sintering the compact to produce a permanent magnet.
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type rare earth magnets of the present invention includes a
first pulverization step of coarsely pulverizing a material
alloy for rare earth magnets and a second pulverization step
of finely pulverizing the material alloy. In the first pulverization step, the material alloy is pulverized by a hydrogen
pulverization method. In the second pulverization step,
easily oxidized super-fine powder (particle size: 1.0 µm or
less) is removed to adjust the particle quantity of the
super-fine powder to 10% or less of the particle quantity of
the entire powder.
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RARE EARTH MAGNET AND METHOD FOR
MANUFACTURING THE SAME

dispersed crystal grains, the area of grain boundaries is wide,
and thus the R-rich phase spreads thinly over the grain
boundaries. This results in good dispersion of the R-rich
phase.
When a rare earth alloy (especially a rapidly solidified
alloy) is coarsely pulverized in a hydrogen embrittlement
process where the rare earth alloy first occludes hydrogen
(this way of pulverization is herein called "hydrogen
pulverization"), the R-rich phase portions existing at grain
boundaries react with hydrogen and expand. This tends to
cause the alloy to crack from the R-rich phase portions
(grain boundary portions). Therefore, the R-rich phase tends
to be exposed on the surfaces of particles of the rare earth
alloy powder obtained by the hydrogen pulverization. In
addition, in the case of a rapidly solidified alloy, where the
R-rich phase portions are fine and highly dispersed, the
R-rich phase particularly tends to be exposed on the surfaces
of the hydrogen-pulverized powder.
According to experiments performed by the present
inventors, when the coarsely pulverized powder in the above
state is finely pulverized by a jet mill or the like, R-rich
super-fine powder (fine powder having a particle size of 1
µm or less) is produced. Such R-rich super-fine powder
particles oxidize very easily compared with other powder
particles (having a relatively large particle size) that contain
a relatively smaller amount of R. Therefore, if a sintered
magnet is produced from the resultant finely pulverized
powder without removing the R-rich super-fine powder,
oxidation of the rare earth element vigorously proceeds
during the manufacturing process steps. The rare earth
element R is thus consumed for reacting with oxygen, and
as a result, the production amount of the R 2 T 14B crystal
phase as the major phase decreases. This results in reducing
the coercive force and remanent flux density of the resultant
magnet and deteriorating the squareness of the demagnetization curve, which is the second quadrant curve of the
hysteresis loop.
In order to prevent oxidation of the R-rich finely pulverized powder, the entire process from pulverizing through
sintering may ideally be performed in an inert atmosphere.
It is however very difficult to realize this in a massproduction scale in production facilities.
There is proposed a method for solving the above
problem, where fine pulverization is performed in an inert
atmosphere containing a trace amount of oxygen, to intentionally coat the surfaces of finely pulverized powder particles with a thin oxide film to thereby suppress fast oxidation of the powder particles in the atmosphere.
However, the present inventors have found that the above
method fails to sufficiently improve the final magnet properties and maintain the properties at the highest level, as long
as the finely pulverized powder contains R-rich super-fine
powder in a percentage equal to or more than a predetermined value.
An object of the present invention is to provide alloy
powder for R-Fe-B type rare earth magnets capable of
sufficiently improving and stabilizing the magnet properties.
Another object of the present invention is to provide alloy
powder for R-Fe-B type rare earth magnets capable of
sufficiently improving the final magnet properties and maintaining the properties at the highest level even when a
material alloy including an R-rich phase is used and such a
material alloy is coarsely pulverized by the hydrogen pulverization method.

BACKGROUND OF THE INVENTION
The present invention relates to methods for manufacturing R-Fe-B type rare earth magnets, alloy powder for
such magnets, and magnets produced by such methods.
Rare earth sintered magnets are produced by pulverizing
an alloy for rare earth magnets to form alloy powder,
compacting the alloy powder, and subjecting the alloy
powder to sintering and aging. Presently, as the rare earth
sintered magnets, two types of magnets, that is, samariumcobalt magnets and neodymium-iron-boron magnets, are
extensively used in various fields. In particular, neodymiumiron-boron magnets (hereinafter, referred to as "R-Fe-B
type magnets", where R is any rare earth element and/or Y,
Fe is iron, and B is boron), which exhibit the highest
magnetic energy product among a variety of magnets and
have a comparatively low cost, have been vigorously
applied to various types of electronic equipment. Note that
a transition metal element such as Co may substitute for part
of Fe and C may substitute for part of B.
Powder of the material alloy for R-Fe-B type rare earth
magnets may be produced by a method including a first
pulverization process for coarsely pulverizing the material
alloy and a second pulverization process for finely pulverizing the material alloy. In general, in the first pulverization
process, the material alloy is coarsely pulverized to a size of
the order of several hundred micrometers or less using a
hydrogen embrittlement apparatus. In the second pulverization process, the coarsely pulverized alloy (coarsely pulverized powder) is finely pulverized to an average particle size
of the order of several micrometers with a jet mill or the like.
The material alloy can be produced by methods largely
classified into two types. The first type is an ingot casting
method where a molten alloy is poured into a mold and
cooled comparatively slowly. The second type is a rapid
cooling method, typified by a strip casting method and a
centrifugal casting method, where a molten material alloy is
put into contact with a single chill roll, twin chill rolls, a
rotary chill disk, a rotary cylindrical chill mold, or the like,
to be rapidly cooled thereby producing a solidified alloy
thinner than an ingot cast alloy.
In the rapid cooling method, the molten alloy is cooled at
a rate in the range between 102 ° C./sec and 104 ° C./sec. The
resultant alloy produced by the rapid cooling method has a
thickness in the range between 0.03 mm and 10 mm. The
molten alloy starts solidifying at the face that comes into
contact with a chill roll. From the roll contact face, crystal
grows in the thickness direction into the shape of pillars or
needles. The resultant rapidly solidified alloy therefore has
a fine crystal structure including portions of a R 2 T 14B
crystal phase having a size in the range between 0.1 µm and
100 µmin the minor-axis direction and in the range between
5 µm and 500 µm in the major-axis direction, and portions
of an R-rich phase dispersed at grain boundaries of the
R 2 T14B crystal phase portions. The R-rich phase is a nonmagnetic phase in which the concentration of any rare earth
element R is relatively high, and has a thickness (which
corresponds to the width of the grain boundaries) of 10 µm
or less.
Because the rapidly solidified alloy is cooled in a relatively short time compared with an ingot alloy produced by
a conventional ingot casting method, the alloy has a fine
structure and is small in grain size. In addition, with finely
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The method for manufacturing alloy powder for
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includes a first pulverization step of coarsely pulverizing a
material alloy for rare earth magnets and a second pulverization step of finely pulverizing the material alloy, wherein
the first pulverization step comprises a step of pulverizing
the material alloy by a hydrogen pulverization method, and
the second pulverization step comprises a step of removing
at least part of fine powder having a particle size of 1.0 µm
or less to adjust the particle quantity of the fine powder
having a particle size of 1.0 µm or less to 10% or less of the
particle quantity of the entire powder.
In a preferred embodiment, the average concentration of
the rare earth element contained in the fine powder having
a particle size of 1.0 µm or less is greater than the average
concentration of the rare earth element contained in the
entire powder.
Alternatively, the method for manufacturing alloy powder
for R-Fe-B type rare earth magnets of the present invention includes a first pulverization step of coarsely pulverizing a material alloy for rare earth magnets produced by a
rapid cooling method and a second pulverization step of
finely pulverizing the material alloy, wherein the second
pulverization step comprises a step of removing at least part
of powder in which the concentration of the rare earth
element is greater than the average concentration of the rare
earth element contained in the entire powder, to reduce the
average concentration of oxygen bound with the rare earth
element contained in the powder.
In the second pulverization step, the alloy is preferably
finely pulverized using a high-speed flow of a gas.
Preferably, a predetermined amount of oxygen is contained in the gas. In this case, the concentration of the
oxygen is preferably adjusted to be in the range between
0.05% and 3% by volume.
Plural types of rare earth alloys different in rare earth
content may be used as the material alloy for rare earth
magnets.
In an embodiment, the first pulverization step is performed separately for the plural types of rare earth alloys
different in rare earth content, and the second pulverization
step is performed one time together for the plural types of
rare earth alloys different in rare earth content.
In another embodiment, the first and second pulverization
steps are performed separately for the plural types of rare
earth alloys different in rare earth content, and after the
second pulverization step, the plural types of rare earth alloy
powder are mixed together.
The alloys may be finely pulverized using a jet mill.
In a preferred embodiment, a classifier is provided following the jet mill for classifying powder output from the jet
mill.
In a preferred embodiment, the material alloy for rare
earth magnets is obtained by cooling a molten material alloy
at a cooling rate in a range between 102 ° C./sec and 1040
C./sec.
The molten material alloy is preferably cooled by a strip
casting method.
In a preferred embodiment, the average particle size of the
powder obtained in the first pulverization step is 200 to 1000
µm. When the material alloy for rare earth magnets is
produced by a rapid cooling method, the average particle
size of the powder is typically 500 µm or less.
The average particle size of the powder obtained in the
second pulverization step is preferably in a range between 2
µm and 10 µm.
Preferably, the method further includes the step of adding
a lubricant to the powder obtained in the second pulverization step.

The method for manufacturing an R-Fe-B type rare
earth magnet of the present invention includes the steps of:
preparing alloy powder for R-Fe-B type rare earth magnets produced by any of the methods for manufacturing
alloy powder for R-Fe-B type rare earth magnets
described above; and compacting the alloy powder for
R-Fe-B type rare earth magnets to produce a permanent
magnet.
Alternatively, the method for manufacturing an
R-Fe-B type rare earth magnet of the present invention
includes the steps of: preparing first alloy powder for
R-Fe-B type rare earth magnets produced by any of the
methods for manufacturing alloy powder for R-Fe-B type
rare earth magnets described above; preparing second alloy
powder for R-Fe-B type rare earth magnets different
from the first alloy powder in rare earth content; forming
mixed powder by mixing the first alloy powder and the
second alloy powder; compacting the mixed powder to
produce a compact; and sintering the compact to produce a
permanent magnet.
The alloy powder for R-Fe-B type rare earth magnets
of the present invention has an average particle size in a
range of 2 µm and 10 µm, and the particle quantity of fine
powder having a particle size of 1.0 µm or less is adjusted
to 10% or less of the particle quantity of the entire powder.
In a preferred embodiment, the alloy powder is obtained
by cooling a molten material alloy at a cooling rate in a range
between 102 ° C./sec and 104 ° C./sec and pulverizing the
resultant alloy.
The R-Fe-B type rare earth magnet of the present
invention is produced from the alloy powder for R-Fe-B
type rare earth magnets described above.
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FIG. 1 is a graph showing an exemplary temperature
profile in the hydrogen pulverization performed in the rough
pulverization process according to the present invention.
FIG. 2 is a cross-sectional view of the construction of a jet
mill suitably used in the fine pulverization process according
to the present invention.
FIG. 3 is a graph showing a particle size distribution of the
alloy powder for rare earth magnets of the present invention.
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The present invention was attained based on the findings
by the present inventors that if alloy powder for R-Fe-B
type rare earth magnets contains R-rich super-fine powder
having a particle size of 1 µm or less in excess of a
predetermined percentage, the magnet properties of permanent magnets produced by sintering a compact made of such
alloy powder are deteriorated.
In the method according to the present invention, after a
material alloy for rare earth magnets is coarsely pulverized
and before a fine pulverization step is finished, at least part
of R-rich super-fine powder, i.e., powder having a particle
size of 1 µm or less, is removed to adjust the particle quantity
of the R-rich super-fine powder to 10% or less of the particle
quantity of the entire powder. The rare earth element R
contained in the R-rich super-fine powder has the concentration of 38 wt % or more, which is higher than the average
concentration of R contained in the entire powder.
Therefore, the removal of part of the R-rich super-fine
powder can reduce the concentration of R contained in the
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entire powder. Reduction in the concentration of the rare
Subsequently, a dehydrogenation step III is executed
earth element R might appear disadvantageous at first
under a reduced pressure of 0 to 3 Pa for 5.0 hours, and then
glance, since the rare earth element R is indispensable for
a material alloy cooling step IV is performed for 5.0 hours
the R 2 T 14B crystal phase as the major phase providing hard
while feeding argon gas into the furnace.
magnetism. However, the rare earth element R contained in
From the aspect of cooling efficiency, the cooling step IV
the super-fine powder removed will otherwise be consumed
is preferably performed in the following manner. When the
for reacting with oxygen and will not significantly contribute
temperature of the atmosphere in the furnace is still comto generation of the R 2 T14B crystal phase. Therefore, by
paratively high in the cooling step IV (for example, when it
removing the R-rich super-fine powder, the amount of
is more than 100° C.), the inert gas having an ordinary
oxygen contained in the entire powder can eventually be 10 temperature is fed into the furnace for cooling. When the
reduced. This results in rather increasing the amount of the
temperature of the material alloy drops to a comparatively
R 2 T14B crystal phase contained in the resultant sintered
low level (for example, when it is 100° C. or less), the inert
magnet, and thus improves the magnetic properties of the
gas cooled to a temperature lower than the ordinary temmagnet.
perature (for example, a temperature lower than room temAccording to experiments by the present inventors, R-rich 15 perature by about 10° C.) is fed into the furnace. Argon gas
may be fed at a volume flow rate of about 10 to 100 m 3 per
super-fine powder is apt to be produced when a rapidly
minute.
solidified alloy such as a strip cast alloy is pulverized and
when the hydrogen pulverization method is employed for
Once the temperature of the material alloy drops to as low
coarse pulverization, as described above. Therefore, in an
as about 20 to 25° C., the inert gas having roughly a
exemplary embodiment of the present invention to be 20 temperature within about 5° C. of room temperature is fed
described hereinafter, a rapidly solidified alloy is coarsely
into the hydrogen furnace until the temperature of the
pulverized by the hydrogen pulverization method and then
material alloy reaches the ordinary temperature level. By
finely pulverized. In addition, when a jet mill is used to
following the above procedure, it is possible to avoid
perform fine pulverization under a high-speed flow of inert
occurrence of condensation inside the furnace when the lid
gas, a gas flow classifier using centrifugal force may be 25 of the hydrogen furnace is opened. If water exists inside the
provided following the jet mill to enable effective removal
furnace due to condensation, the water will be frozen/
of R-rich super-fine powder (particle size: 1 µm or less) from
vaporized in the evacuation step. This makes it difficult to
finely pulverized powder carried in the gas flow. In the
increase the degree of vacuum and thus disadvantageously
following embodiment, therefore, a jet mill is used for fine
increases the time required for the evacuation step I.
30
pulverization.
After the hydrogen pulverization, the coarsely pulverized
Hereinafter, the embodiment of the present invention will
alloy powder should preferably be taken out from the
be described with reference to the accompanying drawings.
hydrogen furnace in an inert gas atmosphere so as not to be
in contact with the atmosphere. This prevents oxidation/heat
Material Alloy
generation of the coarsely pulverized powder and thus
35
serves to improve the magnetic properties of the resultant
First, a material alloy for R-Fe-B magnets having a
magnet. The coarsely pulverized material alloy is then filled
desired composition is prepared by a known strip casting
in a plurality of material packs, and the packs are put on a
method and stored in a container. Specifically, an alloy
rack. Any apparatus and methods for the hydrogen pulverihaving a composition of 30.8 wt% (atomic percent) of Nd,
3.8 wt % of Pr, 0.8 w % of Dy, 1.0 wt % of B, 0.9 wt % of 40 zation described in copending application Ser. No. 09/503,
738, filed Feb. 15, 2000, now U.S. Pat. No. 6,403,024 which
Co, 0.23 wt% of Al, 0.10 wt% of Cu, and Fe as balance with
is incorporated herein by reference, are useful in the present
inevitably contained impurities is melted by high-frequency
invention.
melting, to form a molten alloy. The molten alloy is kept at
By the hydrogen pulverization, the rare earth alloy is
1350 and then cooled by a single chill roll method, to obtain
alloy strips or flakes having a thickness of about 0.3 mm. 45 pulverized to a size in the range between about 0.1 mm and
several millimeters with an average particle size of 200 to
The cooling process is performed under the conditions of a
1000 µm. After the hydrogen pulverization, the embrittled
roll circumferential velocity of about 1 m/sec, a cooling rate
material alloy is preferably further cracked to a finer size and
of 500° C./sec, and subcooling to 200° C. The thus-produced
cooled with a cooling apparatus such as a rotary cooler. In
rapidly solidified alloy is crushed to smaller flakes having a
size of 1 to 10 mm before being subjected to hydrogen 50 the case of taking out the material while the temperature of
the material is still comparatively high, the cooling time with
pulverization. Production of a material alloy by the strip
the rotary cooler or the like may be made relatively longer.
casting method is disclosed in U.S. Pat. No. 5,383,978, for
example.
Second Pulverization Process
First Pulverization Process
Next,
the
coarsely
pulverized powder produced in the first
55
pulverization process is finely pulverized (or milled) with a
The coarsely crushed material alloy flakes are then filled
jet mill. To the jet mill used in this embodiment, a cyclone
in a plurality of material packs made of stainless steel, the
classifier is connected for removal of fine powder.
packs are put on a rack, and the rack is placed in a hydrogen
Hereinafter, the fine pulverization process (second pulfurnace. The hydrogen furnace is then covered with a lid to
start the hydrogen pulverization process, according to a 60 verization process) using the jet mill will be described in
detail with reference to FIG. 2.
temperature profile shown in FIG. 1, for example. In the
The illustrated jet mill unit denoted by the reference
example shown in FIG. 1, an evacuation step I is first
executed for 0.5 hours, followed by a hydrogen occlusion
numeral 10 includes: a material feeder 12 for feeding the
step II for 2.5 hours. In the hydrogen occlusion step II,
rare earth alloy coarsely pulverized in the first pulverization
hydrogen gas is fed into the furnace to produce a hydrogen 65 process; a pulverizer 14 for pulverizing the material to be
pulverized fed from the material feeder 12; a cyclone
atmosphere inside the furnace. The hydrogen pressure at this
time is preferably about 200 to 400 kPa.
classifier 16 for classifying powder obtained by pulverizing
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the material to be pulverized with the pulverizer 14; and a
collecting tank 18 for collecting powder having a predetermined particle size distribution classified with the cyclone
classifier 16.
The material feeder 12 includes a material tank 20 for
receiving the material to be pulverized, a motor 22 for
controlling the feed amount of the material to be pulverized
from the material tank 20, and a spiral screw feeder 24
connected to the motor 22.
The pulverizer 14 includes a vertically-mounted roughly
cylindrical pulverizer body 26. In the bottom portion of the
pulverizer body 26, formed are a plurality of nozzle fittings
28 for receiving nozzles through which an inert gas (for
example, nitrogen) is jet at high speed. A material feed pipe
30 is connected to the pulverizer body 26 at the sidewall
thereof for feeding the material to be pulverized into the
pulverizer body 26.
The material feed pipe 30 is provided with a pair of valves
32, composed of an upper valve 32a and a lower valve 32b,
for holding the material to be fed temporarily and confining
the pressure inside the pulverizer 14. The screw feeder 24
and the material feed pipe 30 are coupled with each other via
a flexible pipe 34.
The pulverizer 14 also includes a classifying rotor 36
placed in the upper portion of the pulverizer body 26, a
motor 38 placed outside the upper position of the pulverizer
body 26, and a connection pipe 40 placed through the upper
portion of the pulverizer body 26. The motor 38 drives the
classifying rotor 36, and the connection pipe 40 discharges
the powder classified with the classifying rotor 36 outside
the pulverizer 14.
The pulverizer 14 includes a plurality of support legs 42,
and is secured to a base 44 surrounding the pulverizer 14
with the legs 42 attached to the base 44. In this embodiment,
weight detectors 46 such as load cells are placed between the
legs 42 and the base 44. Based on the outputs from the
weight detectors 46, a control section 48 controls the rotational speed of the motor 22 to thereby control the feed
amount of the material to be pulverized.
The cyclone classifier 16 includes a classifier body 64 and
an exhaust pipe 66 extending downward in the classifier
body 64 from above. An inlet 68 is formed at the sidewall
of the classifier body 64, to connect the classifier body 64
with the connection pipe 40 through a flexible pipe 70 for
receiving the powder classified with the classifying rotor 36.
An outlet 72 is formed at the bottom of the classifier body
64, to connect the classifier body 64 with the collection tank
18 for collection of desired finely pulverized powder.
The flexible pipes 34 and 70 are preferably made of resin
or rubber, or made of a highly rigid material constructed in
an accordion or coil shape to provide flexibility. By using
such flexible pipes 34 and 70, changes in the weights of the
material tank 20, the screw feeder 24, the classifier body 64,
and the collecting tank 18 are not transferred to the legs 42.
This makes it possible to correctly detect the weight of the
material to be pulverized remaining in the pulverizer 14, as
well as a change of the weight, with the weight detectors 46
placed on the legs 42.
Next, the pulverization with the jet mill 10 will be
described.
First, the material to be pulverized is put into the material
tank 20, for being fed to the pulverizer 14 through the screw
feeder 24. The feed amount of the material to be pulverized
can be regulated by controlling the rotational speed of the
motor 22. The material fed from the screw feeder 24 is
temporarily held at the valves 32. The upper and lower

valves 32a and 32b open and close alternately. Specifically,
when the upper valve 32a is open, the lower valve 32b is
closed. When the upper valve 32a is closed, the lower valve
32b is open. By this alternate open/close operation of the
pair of valves 32a and 32b, the pressure inside the pulverizer
14 is prevented from leaking to the material feeder 12. In this
way, when the upper valve 32a is open, the material to be
pulverized is held between the pair of upper and lower
valves 32a and 32b, and when the lower valve 32b is open,
the material to be pulverized is guided through the material
feed pipe 30 to be introduced into the pulverizer 14. The
valves 32 are driven at high speed with a sequence circuit
(not shown) separate from the control circuit 48 so that the
material to be pulverized is sequentially fed into the pulverizer 14.
The material to be pulverized fed into the pulverizer 14 is
rolled up with high-speed jets of inert gas from the nozzle
fittings 28 and swirl together with high-speed gas flows
inside the pulverizer 14. While swirling, the particles of
material are finely milled by mutual collision with each
other.
Powder particles finely pulverized as described above are
guided upward with ascending gas flows to reach the classifying rotor 36, where the particles are classified and coarse
particles are dropped for further pulverization. Particles
having a size of a desired value or less pass through the
connection pipe 40 and the flexible pipe 70 to be introduced
into the classifier body 64 of the cyclone classifier 16 via the
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more precipitate to be accumulated in the collecting tank 18
placed under the classifier body 64, while super-fine powder
particles are discharged together with the inert gas flows
through the exhaust pipe 66. In this embodiment, by removing the super-fine powder through the exhaust pipe 66, the
particle quantity of the super-fine powder (particle size of 1
µm or less) is adjusted to 10% or less of that of the entire
powder collected in the collecting tank 18. By removing the
R-rich super-fine powder in this manner, it is possible to
reduce the amount of the rare earth element R in the resultant
sintered magnet that is consumed for reacting with oxygen,
and thus improve the magnet properties.
As described above, in this embodiment, the cyclone
classifier 16 having the blowing-up function is used as the
classifier following the jet mill (pulverizer 14). In the
cyclone classifier 16 of this type, super-fine powder having
a particle size of a predetermined value or less turns upward
without being collected into the collecting tank 18 and is
discharged outside through the pipe 66.
The particle size of the fine powder to be discharged
through the pipe 66 can be controlled by appropriately
determining cyclone parameters as those defined in "Powder
technology pocketbook", Kogyo Chosakai Publishing Co.,
Ltd., pp. 92-96 and regulating the pressure of the inert gas
flows.
FIG. 3 shows an example of the particle size distribution
of the powder obtained after the second pulverization process described above. As shown in FIG. 3, in this
embodiment, it is possible to obtain alloy powder of which
the average particle size is about 4.0 µm, for example, and
in which the particle quantity of super-fine powder having a
particle size of 1.0 µm or less is 10% or less of that of the
entire powder. The preferred average particle size of finely
pulverized powder used for manufacture of sintered magnets
is in the range between 2 µm and 10 µm. Note that in the
example shown in FIG. 3, since the material alloy used (strip
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cast alloy) had a fine metal structure, the resultant particle
size distribution was significantly sharp compared with that
of the conventional ingot alloy powder. In this embodiment,
the pulverization condition is adjusted so that the particle
quantity of coarse powder having a particle size of 5 µm or
more should be 13% or less of that of the entire powder.
Reduction in the amount of such large powder particle
whose size is 5 µm or more improves the magnet properties
of the resultant sintered magnet. In this specification, the
"particle size" is defined by the particle dimension that is
measured with a Fisher Sub-Siever Sizer (F.S.S.S.) method.
In order to minimize the oxidation in the pulverization
process as much as possible, the oxygen amount in the
high-speed flow gas used during the fine pulverization
should preferably be reduced to about 0.02% to about 5% by
volume. A pulverization method including control of the
oxygen concentration in the high-speed flow gas is described
in Japanese Patent Examined Publication No. 6-6728. More
preferably, the oxygen amount in the inert gas may be
adjusted to the range of 0.05% to 3% by volume.
By controlling the oxygen concentration in an atmosphere
for fine pulverization as described above, the oxygen content
of the finely pulverized alloy powder is preferably adjusted
to 6,000 ppm by weight or less. If the oxygen content of the
rare earth alloy powder exceeds 6,000 ppm by weight, the
percentage of nonmagnetic oxides in the resultant sintered
magnet increases, resulting in deteriorating the magnetic
properties of the sintered magnet. The finely pulverized
powder particles are coated with an oxide layer as described
above. This permits compaction of the powder in the atmosphere.
In this embodiment, the control of the oxygen content of
the powder to 6,000 ppm by weight or less is possible by
regulating the oxygen concentration in the inert gas atmosphere during the fine pulverization because R-rich superfine powder has been appropriately removed. If R-rich
super-fine powder is not removed and thus the particle
quantity of super-fine powder exceeds 10% of that of the
entire powder, the oxygen content of the finally obtained
powder will exceed 6,000 ppm even when the oxygen
concentration in the inert gas atmosphere is reduced.
Thus, the removal of R-rich super-fine powder having a
particle size of 1 µm or less provides the following effects.
The flowability of the final powder obtained after the second
pulverization process improves. The crystal grain size is
made uniform after sintering. This improves the squareness
of the B-H demagnetization curve and thus results in a high
coercive force.
In this embodiment, the second pulverization process is
performed with the jet mill 10 constructed as shown in FIG.
2. The present invention is not limited to this, but a jet mill
having another construction or another type of pulverizer (an
attritor, a ball mill, or the like) may also be used. As the
classifier for removing super-fine powder, a centrifugal
classifier such as a FATONGEREN type classifier and a
micro-separator may also be used in place of the cyclone
classifier.

to isoparaffin is set at 1:9, for example. Such a liquid
lubricant provides the effect of protecting the powder particles from being oxidized by coating the surfaces of the
particles, and the function of improving the degree of
alignment of the powder particles during compaction and the
degree of powder compaction (that is, forming a compact
with a uniform density having no defects such as fractures
and cracks).
The type of the lubricant is not limited to that described
above. As the fatty ester, methyl caprylate, methyl laurylate,
methyl laurate, and the like may be used in place of methyl
caproate. As the solvent, petroleum solvents other than
isoparaffin and naphthenic solvents may be used. The lubricant may be added at any timing before, during, or after the
fine pulverization using the jet mill. In place of or in addition
to the liquid lubricant, a solid (dry) lubricant such as zinc
stearate may be used.
By coating the surfaces of the finely pulverized powder
particles as described above, oxidation of the powder can be
suppressed.
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The magnetic powder produced by the method described
above is compacted in a magnetic field for alignment using
a known press. Upon completion of compaction, a powder
compact is pressed upward with a lower punch to be taken
out from the press.
The compact is then placed on a sintering bedplate made
of molybdenum, for example, and mounted in a sintering
case together with the bedplate. The sintering case including
the compact is moved to a sintering furnace, where the
compact is subjected to a known sintering process to produce a sintered body. The sintered body is then subjected to
aging, surface polishing, and deposition of a protection film,
as required.
In this embodiment, since the powder to be compacted
contains only a small amount of easily-oxidizing R-rich
super-fine powder, heat generation and ignition due to
oxidation are not likely to occur immediately after the
compaction. Thus, the removal of R-rich super-fine powder
contributes to, not only improvement in magnetic properties,
but also improvement in safety.
Example and Comparative Example
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As the example of the present invention, in the fine
pulverization process using the jet mill and the cyclone
classifier connected to each other, the pressure of the gas in
the cyclone classifier was controlled to change the amount of
super-fine powder contained in the collected powder. Nitrogen gas (99% by volume) with the addition of oxygen as
(1 % by volume) was used as a high-speed flow gas for the
jet mill.
For samples 1 to 10, evaluated were the percentage of the
particle quantity of super-fine powder having a particle size
of 1 µm or less in the entire powder, the magnetic properties,
and the oxygen amount. The results are shown in Table 1.

Addition of Lubricant

TABLE 1

In this embodiment, the finely pulverized powder produced in the manner described above is mixed with a
lubricant in an amount of 0.3 wt %, for example, in a rocking
mixer, so that the alloy powder particles are coated with the
lubricant. As the lubricant, a fatty ester diluted with a
petroleum solvent may be used. In this embodiment, methyl
caproate is used as the fatty ester and isoparaffin is used as
the petroleum solvent. The weight ratio of methyl caproate

60
Sample Percentage of superNo.
fine powder(%)

65
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0.5
1.0
3.0
5.0

(kA!m)

(T)

Sinter density
(g/cm3 )

1,009
1,003
1,003
995

1.42
1.42
1.41
1.40

7.65
7.60
7.65
7.60

!He

Br

Oxygen
amount
(ppm)
2,900
3,050
3,200
3,500
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TABLE 1-continued
Sample Percentage of superNo.
fine powder(%)
7.0
10.0
13.0
15.0

(kA!m)

Br
(T)

Sinter density
(g/cm3 )

Oxygen
amount
(ppm)

987
963
812
692

1.38
1.36
1.32
1.29

7.52
7.45
7.30
7.00

4,000
5,300
7,400
8,500

!He

10

Note that samples 1 to 6 are examples of the present
invention, while samples 7 and 8 are comparative examples.
These samples were produced under the following conditions.
The powder prepared in the manner described in the
above embodiment was compacted to produce compacts
having a size of 15 mmx20 mmxlO mm. The pressure
applied was 98 MPa. During compaction, a magnetic field
(1.0 MNm) for alignment was applied in the direction in
which the thickness of the compact was 15 mm. After
compaction, the compact was sintered in an argon atmosphere at a temperature of 1,100° C. for two hours. After
aging was performed, the sintering density, the coercive
force iHc of the sintered magnet, and the residual magnetic
flux density Br were measured. Note that the oxygen
amounts in Table 1 are those in the respective alloy powders
measured after the fine pulverization.
As is observed from Table 1, the oxygen amount increases
and the sintering density decreases with increase of the
percentage of the particle quantity of super-fine powder
having a particle size of 1 µm or less in the entire powder.
As the percentage of the particle quantity of super-fine
powder having a particle size of 1 µm or less increased
beyond 10.0%, the oxygen amount exceeded 6,000 ppm by
weight and the sintering density fell short of 7.4 g/cm 3 . In
addition, both the coercive force iHc and the residual
magnetic flux density Br deteriorated.
On the contrary, when the percentage of the particle
quantity of super-fine powder having a particle size of 1 µm
or less was 10.0% or less, it was possible to obtain excellent
magnetic properties of a coercive force iHc of 900 Wm or
more and a residual magnetic flux density Br of 1.35 T or
more. In particular, when the percentage of the particle
quantity of the super-fine powder was 5.0% or less, better
magnetic properties were obtained, where the coercive force
iHc was as high as 990 Wm or more and the residual
magnetic flux density Br was as high as 1.4 Tor more. Most
of all, the best magnetic properties were obtained when the
percentage of the particle quantity of the super-fine powder
was 3.0% or less.
As described above, the oxygen amount in the pulverized
powder can be reduced by reducing the percentage of R-rich
super-fine powder existing in the rare earth alloy powder.
With the reduced oxygen amount, the density of the sintered
body can be sufficiently improved, and as a result, the
magnetic properties can be greatly improved.
The rare earth alloy powder particles used in the present
invention are ferromagnetic, and therefore tend to agglomerate together with a magnetic force, forming secondary
aggregated particles or cohered particles. For this reason, the
measurement results may not be correct when a conventional particle size distribution measurement method is
employed. In this example, therefore, the particle size distribution was measured in the following manner.
A powder sample is put in a beaker together with ethyl
alcohol and subjected to ultrasonic dispersion. After the
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supernatant in the beaker is removed, the resultant powder
sample is kneaded with a binder in a mortar to produce a
paste sample. The paste sample is then spread on a slide
glass free of flaws and stains, to prepare a sample cell
including a kneaded film having a uniform thickness. The
sample cell is immediately placed in a particle size distribution measuring apparatus before agglomeration of the
powder particles proceeds in the kneaded film. In the particle
size distribution measuring apparatus, the sample cell is
irradiated with a laser beam emitted from a laser light source
and scanned at a high speed. Changes in the intensity of the
laser beam that has passed through the sample cell are
detected, and based on the detection results, the particle size
distribution of the particles dispersed in the sample cell is
measured. This particle size distribution measurement can
be performed using a particle size distribution measuring
apparatus (GALAI CIS-1) from Galai Inc., for example.
Using this type of particle size distribution measuring
apparatus, the particle size can be directly determined from
the time required for the laser beam to pass over a particle,
utilizing the fact that the transmitted light amount decreases
when the laser beam is blocked by the particle during the
high-speed scanning.
Although the present invention was described as being
applied to a rapidly solidified alloy produced by a strip
casting method, it is also applicable to an alloy produced by
an ingot method. The effect of the present invention is also
exhibited for this alloy since R-rich super-fine powder is also
formed in the case of using this alloy.
In the above description, a single type of material alloy
having the same composition was used for the first and
second pulverization processes. The present invention is not
limited to this, but plural types of rare earth alloys different
in production method and rare earth content may be used as
the material to be pulverized. In other words, the present
invention is also applicable to the "two-alloy method" where
two types of rare earth alloy powder different in composition
are mixed, and the mixed powder is compacted and sintered.
Specifically, in the "two-alloy method", the first pulverization process may be performed separately for two types of
rare earth alloys different in rare earth content. The resultant
two types of coarsely pulverized powder may be mixed, and
then subjected to the second pulverization process.
Alternatively, both the first and second pulverization processes may be performed separately for plural types of rare
earth alloys different in rare earth content. Then, the resultant plural types of finely pulverized powder may be mixed
together. As yet another method, the present invention may
be applied to one of two types of alloys, while a conventional method being applied to the other type of alloy, and
the resultant two types of finely pulverized powder may be
mixed together.
The composition of the powder changes in the course of
the pulverization process. Therefore, in order to appropriately mix plural types of powder different in composition
and thereby adjust the composition of the mixed powder to
a target value with high precision, it is preferable to measure
the composition of the powder after completion of all the
pulverization processes and determine the mixture ratio
based on the measured value. In this case, plural types of
powder may be mixed at the stage of adding a lubricant to
the powder.
Thus, in the alloy powder for R-Fe-B type rare earth
magnets according to the present invention, the percentage
of a powder component that has a particle size of 1 µm or
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less and is high in oxidation reactivity in the entire powder
is small. Therefore, it is possible to prevent the magnet
properties from deteriorating due to oxidation of the rare
earth element R. This greatly improves the properties of
high-performance rare earth magnets, and also improves the
safety during manufacture of the magnets.
The present invention exhibits significant effects especially when a rapidly solidified alloy (for example, a strip
cast alloy) that is apt to generate R-rich super-fine powder is
used and when the hydrogen pulverization process is performed.
While the present invention has been described in a
preferred embodiment, it will be apparent to those skilled in
the art that the disclosed invention may be modified in
numerous ways and may assume many embodiments other
than that specifically set out and described above.
Accordingly, it is intended by the appended claims to cover
all modifications of the invention that fall within the true
spirit and scope of the invention.
We claim:
1. A method for manufacturing alloy powder for
R-Fe-B rare earth magnets, comprising a first pulverization step of coarsely pulverizing a material alloy for rare
earth magnets and a second pulverization step of finely
pulverizing the material alloy,
wherein said first pulverization step comprises a step of
pulverizing the material alloy by a hydrogen pulverization method, and
said second pulverization step comprises a step of removing at least part of fine powder having a particle size of
1.0 µm or less to adjust the particle quantity of the fine
powder having a particle size of 1.0 µm or less to 10%
or less of the particle quantity of the entire powder.
2. The method of claim 1, wherein the average concentration of the rare earth element contained in the fine powder
having a particle size of 1.0 µm or less is greater than the
average concentration of the rare earth element contained in
the entire powder.
3. The method of claim 1 or 2, wherein in said pulverization step, the alloy is finely pulverized in a high-speed
flow of gas.
4. The method of claims 3, wherein the gas comprises
oxygen.
5. The method of claim 4, wherein the concentration of
oxygen is adjusted to be in the range between 0.05% and 3%
by volume.
6. The method of claim 1, wherein plural of rare earth
alloys different in rare earth content are used as the material
alloy for rare earth magnets.

7. The method of claim 6, wherein said first pulverization
step is performed separately for the plural of rare earth alloys
different in rare earth content, and
said second pulverization step is performed one time
together for the plural of rare earth alloys different in
rare earth content.
8. The method of claim 6, wherein said first and second
pulverization steps are performed separately for the plural of
rare earth alloys different in rare earth content, and
after the second pulverization step, the plural of rare earth
alloy powder are mixed together.
9. The method of claim 8, wherein in the second pulverization step the alloys are finely pulverized in a jet mill.
10. The method of claim 9, wherein a classifier is connected to the jet mill.
11. The method of claim 1, further comprising the step of
producing the alloy for rare earth magnets by cooling a melt
of the alloy at a cooling rate in the range between 102 ° C./sec
and 104 ° C./sec.
12. The method of claim 11, wherein the melt of the alloy
is cooled by a strip casting method.
13. The method of claim 1, wherein the average particle
size of the powder obtained in said first pulverization step is
500 µm or less.
14. The method of claim 1, wherein the average particle
size of the powder obtained in said second pulverization step
is in a range between 2 µm and 10 µm.
15. The method of claim 1, further comprising the step of
adding a lubricant to the powder obtained in said pulverization step.
16. A method for manufacturing an R-Fe-B rare earth
magnet comprising the steps of:
preparing alloy powder for R-Fe-B rare earth magnets
by the method of claim 1; and
compacting the alloy powder for R-Fe-B rare earth
magnets to produce a permanent magnet.
17. A method for manufacturing an R-Fe-B rare earth
magnet comprising the steps of:
preparing alloy powder for R-Fe-B rare earth magnets
by the method of claim 1;
preparing a second alloy powder for R-Fe-B rare earth
magnets different from the first alloy powder in rare
earth content;
mixing the first alloy powder and the second alloy
powder, to form a mixed powder;
compacting the mixed powder to form a compact; and
sintering the compact to produce a permanent magnet.
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