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Summary

1. Background and objective

We have seen, especially in automotive sectors, the advancement of
large - currentdevices using magnetic powder with high saturation magnetic
flux density for use in converters and inverters. The domestic mark et for
soft magnetic materials with high saturation magnetic flux density is
expected to reach 182.7 billion yen or 430,000 tons by 2025. However, the
manufacturingofpowder (atomized powder)requiresalargeamountofenergy
to meltiron. Therefore, int his demonstration, we manufacture pulverized
powder of soft magnetic alloys by recycling and reducing to powder unused
thin ribbons discarded from the manufacturing processes of motors and
distribution transformers that use soft magnetic alloy thin ribbons . The
objective hereistomoldcoresusingthe pulverized powderofsoftmagnetic
alloy thin ribbons for application to magnetic devices, and reduce
electricity consumption and carbon dioxide emissions when compared to the
atomized powder of soft magnetic  alloys manufactured by metal melting.

2. Project overview

The pulverized powder of soft magnetic alloy thin ribbons involves less
carbon dioxide emissions since discarded thin ribbons are used in its
production; however, its magnetic characteristics are poorer than those
of conventional atomized powder because of stress strain from mechanical
pulverization. Therefore,aspartofoureffortsinFY2018towardpractical
application,we conducted methodverificationsfor (i) pulverization, (ii)
nanocrystalli zation, and (iii) insulating film formation, as shown in
Figure S - 1, concluding that we would be able to achieve the target
specifications.InFY2019,we enhanced productivity (yieldandthroughput)
in each process toward mass production.



Scope of work

(2)

Nanocrystallization

(3) Insulating film
formation

}(1) J
ulverizatior

I
i ere

\ﬁ

material

Figure S - 1. Reduction of soft magnetic alloy thin ribbons to powder

3. Examination of methods to raise the yield of the pulverization process

In FY2018, we established a method to produce spherical powder with low
stress and low oxidationus  ing acyclone mill, butthe problem with itwas
the excessive loss on pulverization for mass production. Then, in FY2019,
we builtapulverizingmachine capableofmicro - pulverizationatlowstress
to explore the possibility of a higher yield.

We researched particle diameters and shapes used in magnetic devices and
mapped them to pulverized powder generated by pulverization with the

Molded
product

i S : ~ E d a
e ; 74 ;Jl' =t I a

cyclone mill. We confirmed that spherical powder between 10 gm and 50 gm
and flat powder between 50 gm and 100 gm co
devices, and decided to consider pulverized

having satisfactory quality. The research results will be described in
Section 7 "Examination of poss  ible application of discarded material from
pulverization to other products.”

As a pulverizing machine capable of micro - pulverization at low stress,
we picked up acyclone mill, which can generate powder with low strainfrom
stress during pulverization. Fi gure S-2 shows the composition of the
cyclone mill for mass production tests that has a higher yield and
throughput. First, we tried to raise the throughput by automating the
feedingofthinbeltsastherawmaterialandthe collectionof powderafter
pulv erization and increasing the pulverization capacity 10 -fold. As a
result, we achieved a throughput of 3.5 kg/h, meeting the target
specification (2.1 kg/h or more).
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Figure S - 2. Composition of the cyclone mill for mass producti on tests

Next, we tried to increase the yield by adding a system to classify

non-conforming pulverizedpowderof100 gm or mor e wi th vibratio
for further pulverization. We raised the yield by pulverizing a 50:50 mix

ofthinribbons and pul veri zed powder of -3sbdvsgm or m
theverifiedrelationshipbetweenyieldandpulverizingtimeforpulverize d

powder of 100 gm or -minetespslverizBtypn, wesachievged 1 0

a yield of 64%, meeting the target specification (64% or more).

70

65 il 1 64% or higher

Yield (%)
M ol (@3] (@)
o o (@3] (]

B
<o

0 10 20 30 40

Pulverizing time(minutes)

Figure S - 3. Verified relationship between yield and pulverizing time for
pulverizedpowder of 100 gm or | ess
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4. Examination of method to scale up nanocrystallization

INFY2018,weestablishedamethodusingahotpressingmachineforuniform
heating without thermal runaway in powder, but the problem was that its
throughput for mass producti  on was too low. Therefore, in FY2019, we
installed a device for nanocrystalization that is capable of the uniform
heating of large quantities of powder and examined a method to scale up
the process.

As adevice for nanocrystalization thatis capable of th e uniform heating
of large quantities of powder, we chose a hot pressing machine that can
absorbtheheatofpowdercrystallization. Figure S - 4showsthecomposition

of the hot pressing machine for mass production tests that delivered a

higher throughput.  We tried to raise the throughput by automating the
feeding of powder after pulverization, increasing the speed of the hot

pressing machine, installing a larger pressing plate, and examining a

method of collecting the powder. As a result, we achieved a thro ughput of
11.8 kg/h, meeting the target specification (1.5 kg/h or more).

Feeding of Heat Collection
powder treatment of powder
Automation Higher speed, Method

larger capacity examination
(from 150 mm to 250 mm sguare)

Heater
Squeegee block 1 __________

Powder »\" ‘§= Rotate
Transfer Thin platef "~~~ " 7777 é

unit L e e e = Adsorption
unit

FigureS - 4. The compositionofthe hotpressing machineformass production
tests

In the meantime, as shown in Figure S -5, the increased speed oftheh ot
pressing machine caused a thermal expansion that forced powder to be
dischargedtogetherwith airinit, resultingin aloweryield. Therefore,
as a measure to raise the yield, we controlled the pressing plate
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immediatelybeforeitcameintocontactwit hthepowdersothatitslowering
speedwouldbeslowerandtheexpandedairwouldbedischargedbutthepowder
would not. As a result, we achieved a yield of 90%, meeting the target
specification (90% or more).

Powder is discharged together with .
air inside the powder because of 90% vield

the thermal expansion of the air

8% yield

Heater block Heater block

Heater block Heater block

Figure S - 5. Mechanism for reducing powder discharge

5. Examination of methods to scale up insulation film formation

InFY2018, we established a verification method using an automated mixer
to form a uniform film at below 200 degrees C; however, the problem with
itwas thatits throughput for mass production was too low. Therefore, in
FY2019, we examined a method of scaling up the process using an insulation
film formation  machine capable of making uniform films on the particle
surface of pulverized powder with major su rface irregularities.

Weused SiO2filmsformedbythesol -gelmethod,andchoseastirring -type
axial mixer as an  insulation film formation machine capable of making
uniformfilmsontheparticle surface. We optimizedthestirringconditions
toincrease t he throughput of the axial mixer and secure film formation
capabilities and pressure resistance. Table S - 1 shows the test results.

Wesecuredfilmformationcapabilitiesandpressureresistancebyallowing
pre- stirring stand - by time for the reaction of a TEOS solution used for
SiO2filmformation, andthenoptimizingthe mixingtime. Then,we achieved
a throughput of 4.8 kg/h, meeting the target (1.4 kg/h or more).
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