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At Proterial, our corporate philosophy is made up
of our Mission: “Make the best quality available to
everyone” ; our Vision: “Leading sustainability by high
performance”; and our Values: “Unfaltering integrity”
and “United by respect”. With this as our starting point,
we strive to create high-performance materials to address
our customers’ challenges. Thanks to our expertise in
structural and compositional control technologies centered
on metals, cultivated over the company’s 100-year
history, as well as our strong relationships with a wide
range of customers, we have produced many innovative
products through collaborations over the years.

The Proterial Technology Meeting 2023 was held on
15 and 16 November 2023 at our Kumagaya site in order
to further promote such collaborative creation projects
with customers. We welcomed around 140 guests from
28 companies to show them the latest technologies that
we are developing, and materials solutions contributing
to a sustainable society.

Sean M. Stack, Representative Director, Chairman,
President and CEO first addressed the guests. He
talked about Proterial’s three pillars of management:
people, operational excellence, and growth, and
introduced the customer collaboration scheme. Hajime
Murakami, Executive Officer, CTO, General Manager of
R&D Division, and General Manager of Global Research
& Innovative Technology Center, gave an overview
of research and development. Katsura Ishikawa,
Executive Officer and General Manager of Marketing &
Sales Division, talked about materials solutions for a

sustainable society.

Technology Meeting 2023

BERE DRI (KRS —=15) &

Talking to;customets atdthe poster session

This was followed by poster sessions where we
displayed 39 posters highlighting our latest technologies
and materials solutions that contribute to a sustainable
society in five areas: manufacturing/process technology,
digital technology, motor/inverter related materials,
hydrogen/battery materials, and high-performance
materials. Samples and demonstration devices were also
on display, and customers held lively discussions with
our researchers and engineers.

Between the poster sessions, guests were taken on
a tour of the 3D printing open lab within the Global
Research & Innovative Technology Center, giving them
a chance to see part of our open innovation initiatives.

Focusing on structural and compositional control
technologies for a wide variety of materials, the
Proterial Group has created high-performance materials
in collaboration with customers. The customer’s
requirements are reflected in every step from R&D
to mass production, helping to make their innovations
a reality. This also provides the driving force for
Proterial’s sustained growth. By continuing to provide
unique, high-performance materials, Proterial is working

to address social issues and secure sustainable growth.

TOFUFIER Vol.39(2024)



BT T ST MEAD

XEVE (73

T — — A\ DE AR

Study on xXEV Traction Motor Using High Performance Ferrite Magnets
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In traction motors for electric vehicles, rare-earth magnets are mainly used.
However, in order to reduce the procurement risk associated with heavy rare
earths, here we consider the use of a high-performance ferrite magnet for traction
motors. Since ferrite magnets have poorer magnetic characteristics than rare-earth
magnets, and motors employing ferrite magnets exhibit a lower power density, it
is necessary to improve their performance using a magnetic field analysis. In this
study, a high-performance ferrite magnet (NMF ®-15G) was used to minimize the
reduction in magnet torque. The magnet position in the rotor was also optimized
to increase the reluctance torque. Finally, the shaft speed and motor volume were
optimized to achieve an output power density comparable to that for a motor
using a rare-earth magnet. Based on this optimized design, a prototype motor
using a ferrite magnet was constructed and evaluated. An output power of 102 kW
was achieved, indicating that a traction motor suitable for electric vehicles could

be successfully realized.

B KeyWords : BHEET7 57 &, EEE—5—, [

M Production Code : NMF®-15 series H R&D Stage : Research
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Quality Prediction and Improvement for Cable Production Line by Introducing MES
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Electric Wire & Cable Business
unit, Proterial. Ltd.

FHEEICBVLT, #iEEITY A7 4 (MES: Manufacturing Execution
System) i3, SELERFEERMBIRT 2 LTRPERVDDICRDDDOH 5,
B EFINET, MRy —7 V0GR EHICCAE (Computer Aided
Engineering) ZiG M L, MEDZE % M > TE 727, [ D 2L, 36
DREFEHLETIBIRTE T, WEM OFIRABRE GIRRE, ) BLE
LR E WS BN D - T A T, Mafgkr — 70 O BLER I~ OMESE A
TEOPIHS, YEBB R CEML - MEREERICOVWTHE T S.MESICL S
T— YN L CAEIC K BT 2 A G DE 2 FIEEZERERL -2 LT, ERI TSI
EME214%, HUOZ10%H EEB I ENTEL EBIL, AR T — 50,
RN P2 BRFETT B ET, F —7NVEEOF R 2 Tl 2 HKifiz
B, ERL T2 LD TER,

In the manufacturing industry, a MES (Manufacturing Execution System) is
becoming indispensable for solving various problems. In the manufacturing
process for insulated cables, the optimal conditions for obtaining consistent
quality have generally been determined using a CAE (Computer Aided
Engineering) approach. However, this does not take into account changes in
temperature and humidity over time, or equipment deterioration, all of which
affect characteristics such as the tensile strength and elongation of the coating
material. The present study investigated the incorporation of a MES into the
manufacturing process, and the improvement in quality that was achieved. By
combining data collection by the MES and CAE analysis, improvements in tensile
strength and elongation of 14% and 10%, respectively, were realized. Furthermore,
by sequentially performing similar data analysis, we were able to develop and
commercialize a technique for predicting the tensile characteristics of the entire

length of a cable.

B KeyWords : MES, 5w kT x—LA, &REETFH

H R&D Stage : Proto type
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Kneading performance

= Structure optimization to
prevent insufficient kneading.

= Optimization of kneading time
and temperature.
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Polymer flow by screw

Running direction

= Structure optimization to

prevent insufficient kneading.
= Derive temperature and pressure.
= Impact of screw wear.
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Cooling performance of cylinder

Polymer flow in cross head

= Structure optimization to prevent
weldline & scorch

Temperature of cable in
cooling water tank
= Required tank length for high running speed.,

= Temperature difference between
inner core and cable surface.
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= Temperature conditions . 4
for suppression of polymer self-heating.| high-temperature drying room

% Running direction

Cable temperature in

= Optimization of temperature
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lack of cross-linking.

m Example of CAE technologies in electric wire and cable production department
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m Schematic diagram of cable extrusion process
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Heat transfer analysis of cooling water in cylinder

T2 TO CAE BATEAHI

m Example of CAE technologies in cable extrusion process.

Manufacturing
conditions
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by simulation ‘
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Optimization of extrusion temperature
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Simulation

Result judgment
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Trial production
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Conventional way of thinking about CAE technology
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( Manufacturing logging data \
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P e — Screw re Cylinder tem Line Speed
N ® 00 Timestamp ourieth | OUIMCEIHS: | BT SFEEC |, o uality inspection
00 00 Work number:
Measuring T Screw rev.  Cylinder temp. Line Speed Measurement record
machine 00 [ Mimestamp (rpm) s 00 0
- 00:00:00 ‘
00:00:01
00:0Q.02
Production line i

J ®

Ry

=

A

Average manufacturing data

Screw rev |Cylinder temp.|Line speed|
Work numb: ! .ave ave ave
(rpm) Q) (m/s)

Simulation results Quality data

Strength| Elongation
(MPa) (%)

B

o =]

loT #ifi& CAE BiliDBEHADYE
m Fusion of loT technology and CAE technology
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Quality Prediction and Improvement for Cable Production Line by Introducing MES

High (1) OId conditions

(2) Screw RPM increase (3) New screw &

optimization >
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|
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W 2Va = o i T TR T = " Strength ave!
I +14%
|

L
@
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90 100

Old average
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Elongation ave. I

| H9 HEEEERGQ0INIIIS
m Strength and elongation trends
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Elongation (%)

v
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Short €= = Long

Residence time of extruder (sec)
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m Residential time in extruder vs elongation

-
o
=1

«

Residence time of extruder (sec)
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Low 4=

Screw rotation rate (rpm)
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I <2 v 2 —Esss e i ps R
m Screw rotation rate vs. residence time in extruder

+10% I
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Elapsed time

Shear stress
=] High I

I A
ALLRLANRARRARRARRAS

New screw

| LARRARAR R LV |
Old screw
(time-based progress of wear)

SR

= Low

251 1 —BERIC L BHABIGHET
m Decrease in shear stress by screw wear.
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guaranteed

L
r

(diameter, capacitance)

Logging data

Full length guaranteed!

A 4

Al analysis

Manufacturing time @ (machine learning) :
Terminal : ; h | @ :
test only |

Terminal is OK!

Predicted quality
'
L]
® 0
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\ o E
ey

-

° Manufacturing time
e ©

Is this really OK?

Quality
(strength, elongation)

Manufacturing time

BN cs=a7002x75

m Concept of full-length quality prediction

Step 2
Select imp_ortant features with Step 3
XAl (explainable Al) Evaluate model accuracy
(compare predicted and actual values)
o @ i .
w9 }————  Cylinder temp. C
° 3 ml— Screw revolution N c o ’f, =
220 [ O ¢ £2 a2 3
5 : p p 3 ¥ o &
o2 F W&M/ ressure 4 S\l ; =
o o O—O Temperature Ta = = @
JE5 52\ ™ 2 | Generate \ 5
z R o e 3 | model =
I Data ature value A - £
Manufacturing time analysis o b
c 2 c .
© Quality (actual
Step 1 %:T 2 Y )
Continuous simulation oS > Applyto
v N v'| by fixed time. £ 2 High manufacturing
[ g+ S data
3 S v
w

[ |
HI H —
H H

o i Feature value C
HI H

6—@——0 Discharge volume
H/‘ Strain y
Polymer temp. T

Step 4
Predict full-length quality

Actual measurement
(1 Point)

Quality (predicted)

V. T,Q

Manufacturing time

Simulation data
(calculated values)

S
>

Manufacturing time

IE 2 ==2=Fa0mn

m Process flow for full-length quality prediction
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Quality Prediction and Improvement for Cable Production Line by Introducing MES
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m Derivation of CAE data by continuous analysis

(b) Examples of Influencing factors for elongation

(a) Examples of Influencing factors for strength
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m Important factors contributing to (a) strength, (b) elongation
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Development of Permendur with Surface Coating
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Kol FHE* . 3 o
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Shujiroh Uesaka
e ARt The effects of the coating fluid and conditions used to form a MgO film on

Kazuya Fujii Permendur alloy on the electrical insulation, adhesion resistance following
magnetic annealing, and the soft magnetic properties of the coated specimen
were investigated. The coating fluid was a slurry containing Mg(OH)2 powder, and
MgO films were produced by heating and dehydrating at 450 °C. The coated films
were found to exhibit high surface resistivity and adhesion resistance. Using a
roll-to-roll process, a Permendur plate with a width of 245 mm and a thickness of
0.1 mm was coated with a MgO film, and it was confirmed that the soft magnetic

properties of the original alloy did not deteriorate.
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Development of Permendur with Surface Coating
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50 mm 50 mm
L J
T
1set

Scanning Calorimetry) O HIE & Hh S PE U 720
JRDE M5BT, X#EIZCo-Ka 2 AW 7 XRD (X-Ray
Diffraction) ®2 60 ¥z X b 7\, BEE 138 7 %
WA E 7 M (STEM; Scanning Transmission
Electron Microscope) %\ 7= Wi #1253k oD 72,

2.2 BERATIERRME
PG 2 o TR EHE TRIEES LR 2 WE L
T2o 70 —713JIS K 71940 I it & F - 72

2.3 MEEM

fiit [ & M B2 R 3 FIECIT5 72,50 mm X
50 mm&40 mmXx50 mm®D YA X R BB EE
D, BEEL OFM A1y b OMEERT .07V IF
TL—bERizENZENZENRTEY ML, 2O LICED
ELTPNIFTL—FZ2BET %, Okl kHE
FH T850°C, 3IFMRTF, frim) Z i 9. @D H L
TR OR %27y T THRATES B, b5 R
DETT2HG2EERL, ETLARVWEAZEET
BEHEL. 728, O@TEVZHRET 2HNIL, BE
TREZEET I L, LHROTM 2 ER TRETERES$
570, WMICIZHEBICLDHEVAMIND I L2
WS 27-0TH D, %7, KAFBETIIFEY A XDHIH
b, FHATEZ2E) OREMHIRS N2 720, Bl nl g
el RHEIED 1,000 PaTHHMm L 72,

2.4 BRI R
2.4.1 FHEMDOIER

FEAHA 1, Roll to Roll 7m0 A GERLL 72 a2 A L #F
DO 720 2 A VERTE X, EMICHRIE0.1 mm, IF
245 mmOBHEE AV EH W2 B T8 X Nl

(3) Magnetic annealing (@) Evaluation
Lift Lift

Surface pressure on strip: 1,000 Pa T T
| [ |

Dropped strip

With MgO film / \Alumina plate

50 mmx | | 40 mmx Without MgO film With MgO film No adherence Adherence
50 mm 50 mm (2 stacked Permendur strips) (2 strips stacked)
1set
T L 1 D ST IR

m Procedure for evaluating adhesion resistance
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E7 5 E T HRER N, EMOWE AT O%T, &
B L 7o 8600 T, BERH I ILBEA 475 = & TMgORZ TR
L 7o UL 7-MgOBED R 130,75 pm G 2.

2.4.2 BEREBSAIE

BUAIRE R 25 B B DHIE 3, GBI 2 w3 —2
BT o oo RIS He B X O IRA B um OHIE
1, MgORRIZ X 2 KGR DB PEbR$ 5720 br A
Va7 2 ER LS I L 72 BARGEURHE, B o7z
IANMDSIE25 mm, £ E110 mmOiRER R % $HE
L, M BEst Ok EFZ PR T850°C, SRR FE, )
ZHEL 72, KM E10,000 A/mZ EIfN L aF]
WHRZE B2 RE L7z, Fa 440271345 mm, N
£33 mmo VY v 7B R 2 1OBERILL, LitEFUS
T CHEREMZEL 72, 2 D5, B 2 T I AF v 7
oy —AZERTINGD, 1X50[E & 2100 D& = %
ML, 800 A/mD RIS Z I L 72, 72 3, Bk
MR D SLEB A IR LA L LCB Y, Eh) v
7 BRI 3 E MR AR 2 ATV B (BB b M o
e, BHEEERZEAL TR,

2.4.3 HHSUAIE

EiERo bt a7 CERE Wl L 72,55
PR, BER IE 5% Tl % 2 f A350~1,000 Hz,
BERE R E B (32.0 TTHIE L 720

3. #BR

3.1 #RERFER

a7 ClRAEEREIE WL E TN B 72HME0
a2 T2MEPDL,—7, HIELELOHS
ENER 720K CIEE TROBEEEZ0.1 pm
LU, INZRZERTRERE TR Z B L7z R1ICETE
A E LTMgO0, MgCOs, Mg (OH) .2 v 7= 3 T
W DAERE R 2 R B ICMgOM AR Z w55
&, BERPKRUZNVIRIC T 27 DB TR ~D#AH X

BIRORIEER
BELIR N Preliminary results for powder used in coating fluid

LYWL 720 72, MgCOsM R D& 1%, MgCOs
DFEREDE SR HI0.5 pm O KR L 515
ST, 2D &5 REFD D 5130.1 pm o HEE 2T L
TERWDBETIRA~OBHIIA T LHWL 72—,
Mg (OH) 2 H 7z 58, Kifg0.1 pmBL T CRE L
WCRESBUZEBLIRVPEONTZ LD 0, HIER K
OFHI WS ZEE LTz,
KI3i1xMg(OH) KD TG-DSCHIEFERTH 5,
432°CIc e — 2 LEEBRA PRI N, 2ok
Mg (OH) ,—~MgO + H,0 D E R I 5 DWREVE L O,
BRI THIH0DMMICLZ2HDTHBY . 2D
RS, BT HREZE450°CL 52 L TMgOi%
TERATRETH B0\ T, EBRICHMICATY) —%2 81T
L, MgOR DT B 6 B 72 BE A 1T R % F X 7 B4
WEIXRDARZ FLTHY, IH0 @, @, BiZZzhZh
#A (bee FeCo), B4 dMg (OH) ,, MgOIZ K
THEFE—27TH 5. MEICIZHEEZA0.75 pm
DYV TNZEHCTEY, FHEISE-DEMDE—
7 HBHIE TV B, BERHTRERIA304r (BEFHT ML)
BRI TEAHEFZOME (OH) IR E I 72 []
W8y —v &R L, B REIGHA 53 TRIIGDOME
(OH) . 23> T\ %, — 4, Bt (T IS, 10, 2043 T

110 0.5
100 fﬁ'\ it 4 0.0
90 -0.5
-1.0 =
o
< - 15 £
(35 70 E_
g i 41-2.0 g
41 -25 0O
50 1-30
Sample: Mg (OH), :
40 [ Atmosphere: N, {-35
Heating rate: 10°C/min.
30 ‘ ‘ ‘ -4.0

0 100 200 300 400 500 600 700

Temperature (°C)

Mg (OH), #5K D TG-DSC AIERER
m TG-DSC measurement results for Mg(OH), powder

Solid powder Results for coating fluid
MgO Since MgO powder becomes hydrated and gelated, it cannot be used in a coating fluid
MgCO, Since the MgCOs particle size is coarse (about 0.5 um), it cannot be used to form a MgO film with a thickness of 0.1 um.
Mg (OH) » Produces a stable dispersion of fine particles with a size of 0.1 um or less in water.
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lEMg(OH) O E— 27D ERLMgOD E— 27 i 8ih
T3, M e, B TREAZSFU EE$T52ET
MgOB AR AR TH 2 2 LR 5. KFERD S
577 TMEOMELT 253, 157 7 Bor IR IOE D IR ] %2
FEfR S 2 720D, DAt D FEBRIZBENT (T IERT 104> TR 2
WHBHZEE LT,

3.2 ETAUHERRE
B51XIMgODIEE & REIESTR DR TDH 2, [EE
7230.08 pma B &L, A HE ORI (K,
MgOEDIEE0.0 pmD 7By MK L Th T 7
M £ 573, 0.43 pmBL LD JRE T HIE 2E & D H]
TEMRF(>9x10° Q) DRMEBEHIEBFON 5, RKIC,
BonMgOB DM BIZE %17 - 7. R6 XM &

@ bce FeCo
@ Mg (OH),
B Mgo

Baking

0 min

1 min

5 min

Intensity (arb. unit)

10 min

20 min

20 30 40 50 60 70 80 90 100 110 120 130
20 (deg.)

HIED XRD R N (I 0.75 pm)

m XRD spectrum of coating film (thickness 0.75 pm)
on Permendur

U TREEFTRIEVEE0.08 pmB L O, Kl L
EAEN0.75 pmOWIHSTEMR L iE~v BV 7%
TTLHEER0.08 pmicB W T, HM & MgOKE D Hih
ZHEBHETH O, REEGTR OB T IR T 5 &
SR IEBUE I BE SN TV R, —H, MgOED N
ICIRRAITR T LS ZMgEOMFEIEL 2 Wi, 0%
DEBPEGEEEL T S, £ 7, ZEETICE LT
FENEEDIEE ICHEL > T0 B ED S, 22
Sy CHERIREL TV 2 LEZ OGN 5, ZHITHL, BEE
0.75 pmOHBE B AMKLZEI RSN 2H DD, MgO
JRDE W7z Dt 2R TE 2 LE 26N 5,
E—4—a7 CREEINSBRMMGNE L, HE
L7 bt o figdt, > % 0 BRI TH 2 05, ARFF

Surface resistivity (Q)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
MgO thickness (um)

BEEE vco BomE & xEEREOBIR

Relationship between surface resistivity and film
thickness (up to 0.75 um)

Thickness

(um) STEM Image o Mg

Fe Co \Y

0.08
50 nm 50 nm 50inm
0.75
MgO BEDMTE STEM &

m Cross-sectional STEM images of MgO films with different thicknesses
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filfi IR IEY TR OWE 2 X 0 55 WIFEATG L 72D D
TH b, OIS L, JIS 2550-4THES N2 JE
fl ek 1k O BFA 75 V5 & 13 B e B 3, ARFEAT 2 & R %
0.43 pmM L& ¥ %2 L CEVBLNHEEEZET 2
ZENTEBEFHENS,

3.3 MEE

K7 EMgOMRE b, ML DEM TV T, HEMEBES
BOEEERAHEALNBEETH 5,48, MgO
DEEIZ0.75 pmTH 5. MgORE b DGE X, KA
DEMZREDL L 2L, hAOEMBIETTLIEN
o, MRS Lo THEIB L 2V EHITTE 2, — /4T,
MgOEML D8 &%, T OEMZFH RiF Thiths
DEMIIBEL LV EPLEBF LTS, LD,
MgORDEIE#0.75 pme ¥ 5 2 & T, BRMH
EtEEEZR T2 ZED30D 5,2 2T, MgOEIc
FoTHEEZIETE2HMEAZEET 5, EHF I, EMH
ZERBEETLILTHRICKZENDNb > 7 IREE
TSN - DRAMBEALEBEZ DT LN TE D, B
BEAOLPLT I, A OMBRIET OIS E
$5.22C, 7L=y AR (R (1)) LiRHUEH (R (2))
Z F o, BEEBESI SR (BRI, IREE) I BT BT
PRBCBEREZ iR T %,

d =V2Dt (2)

ZIT, D REERE, Do BURBIE T, Q iE Mk
ftzd ¥ —, R:&AMAEEH(8.314 J/mol) TH Y,
TR, ETH2.E7, =AYV a—LDOBA
l&bcc Ferhd Co, MgOE D54 1ZMgOH DMg Dk

Dropped strip

BURREE 2 FLE L, BIHELIZIEbec Ferrd Cod’ Do =2.80
x1074 m?/s, Q=251x10°]J/mol, MgOHidOMg#H’
Dy=2.49%x10"°m?/s,  =331x10°J/mol” ¥, T
B LU 3R T=1,123K, t=10,800 sec.
& LT AR DRFER, dee=3.6%10° nmiZX L dyg=15 nm
T, MgOHhDOMg 3 id T L E# W EEZoN 5, 2D
TEDS, MRS ICFeCoM 2383 2 L IRBXIC &
DEE S 555, MgOR L2382 LT AUS IR EDS 4 U
Wi EF Gl TESRLEZLND,

3.4 MBI

E8IIMgOEE D, LICEIFE/XN— AT 21—l D
B-HHift TH 2. MgOBEF VD, LOWT D, hS W
WERTES H CRIRICHERE L BASEINS 5 2 & H397
D%, R2IR8H HH LN RIS He, B RHERLE
UnTHY, BOETHMRD B- HIR (KAL) 56

£
@
= —— With MgO film
= 0.5)1f ---- Without MgO film
5
-: t 0:0, t
2 -800 -400 400 800
© —0.5 1
E 1.0
g 1
= -1.5
/,'/’_

Magnetic field, H (A/m)

MgO &% 0, MgO BB L/X— X > ¥ 1 — L0 B-H g

B-H curve for Permendur with and without MgO film
(film thickness 0.75 pym)

THEEMEHIROAN S (a)MgO D (B 0.75 um), (b)MgO L
Photograph of adherence resistance test (a) with MgO film (thickness 0.75 pm), (b) without MgO film
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BFoONFAEREE BRI, MgORED, LT
WS 3 & He, pim, Bs& 53T HTH 0, MgOfigi
DIERRAC & RIS EIZHIEL W EE 2 5,

RIFEER R ZE Bn=2.0 TICBUI B f&
B WTH 5, Waos1000PZERLIE Bn=2.0 T, F=1,000
HzO#EZ2BW® T 5,2 2T, M ©db 2 MgO I
LOMRAS LTI, 108DV v 73RN U JE R
BZNMLTEATE D, BREGEESHERSIATH
%, 1> T, ARGl I3 B A DB WEFH L T 2D
TIERLG VY THED WTHE I LIERSINZ W,
FERIIMEORED, MLTRELZIRONTEST,
MgOEDBEEIC LD WHHLL 2w L Z2 MR L2,
BL 2, MgOMA b T WH/MS WIS 2, 21T,
EAT Y S AERPLHEBERBROBITER L, £
DA D KR PEA DA, EM OERILER
DWADE D132 HFEMIEED TIE AR,

BRI, EaA V2 &S H L BONBIEE A2 K9
AT EIE0.75 pmOMgO#E I & b Kl iZ 5B
ERLT0S.F 7, aANVMTHRIEMEIIE>9Ix10°
QOELWMBENE, MEEEZHT 5L 2MHERFA
TH 5.0 EH o, BRI, MEEEZA L, Kk
SRREICEN =X Y 2 — D af N % ERT]

Bl 2 LB HIETE 2,

MgO D, MgO BfEL/\—X YY1 —LOBERES

ESakd
1EI WA DC magnetic properties for permendur with and without
MgO film
He (A/m) Hm B, (T)
With MgO film 40.2 19,000 2.28
Without MgO film 41.3 18,000 2.27

BEEN Vo EED, MgOBEEL/t— XY Ya—LoOkEW
DREME

11X Representative iron loss for Permendur with and without
MgO film (film thickness 0.75 pm)

Woaosso (W/kg)

Woao/400 (W/kg)

Waor1000 (W/Kg)

With MgO film

2.3

231

74.0

Without MgO film

2.4

24.6

79.4
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HEITLOAREE
m Photograph of prototype coil (film thickness 0.75 pm)

4. #%

-y —a7 AT AMEORMN E/NN— AV 2 —
N8G5 70 DT, VRG22 RE 3 2
& & H I ICRARTHE R, BEMEBESIING O EE B X O,
R RR 2 3HE L, LT OfisRE 1S 72,

(1) #ETHIZIIME (OH) MR Z AKIBBEIC T B L 72 25
V) —%fEHTE, 450°CO Iy i G I X b MgO
JRZTERTE 5,

(2)MgOEDEE#0.75 pmM L& 322 L THRVWE
SR, MEEEZ M5 TE 5,

(3) A A iz Mk & T [ & M %2 A U, BRI SR M I B
N7 — AV a—DaA VM 28ETE 3 H&
2B 7

RYEPRHEA ST 0 7Y 7V DB EREGHEE £ 72 (X
<%,
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Named Entity Recognition from Materials Science Patent Documents
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MRIBREDE T, 9T U PN R AV T AT A7 AEMEIN S T — 5 EREFL D
MBI A S SN T 5, CED ST U - Hifli 7 — 2 O 1L, 20—
BRELUTHEHAINTO 2[5, MEREES I O E A TR S W7 BHE
BREDIER, ZDHTH, MR Z R %720 DIARNIEHRTH 5 0 LR % B
XED SIS L, FENICHEE T 2 5RO SNTH 5, XEHORE
EWR(EARER) 2T 25EL U T ROFED 0 L2 5 FH D RBL
ZRHTBHEPIREEN TV B, L2, ZOHERF-2TH»VELEST
720D ARDEETH 5720 % 2T, AT, FriFHMlEEZNRELT, M
FHZBI T 2R 2 EERRE UTRET 3720 DF 2Pk, FHPVES %
A7 BEREMHFELR2RET 2, FH20ES 7, i ROBEERILEF
B 0iEL ZRRICHE T2 2L 2TREL T2 721 Tk, iR OBEHRI L
DEHNE LT V2R OBEDERICENTH L, ZOFHNPVES T 2EAT S
LT, EERAOMMEEDS M EL, &FofmiEEIESH L nl s, 6T,
Hil- PP VEOEBR L TH S L2 FEBRICK DIERL 2,

In the field of materials science, data-driven materials design, called materials
informatics, has been considered. The use of technical data extracted from
documents is an important part of this process. In particular, there is a need for
a method to automatically extract from technical documents information such
as material compositions organized from the point of view of materials science
researchers, especially element ratios, which provide fundamental information on
the composition and structure of materials. As an approach to extracting specific
information (named entities) from documents, methods using “clue expressions”,
which are clues to the target named entities for extraction, have been proposed.
However, the cost of acquiring new clue words is a problem in these methods. In
this study, we propose a new method for extracting named entities in materials
science from patent specifications using clue word tags; the proposed method
identifies information about materials as named entities. The clue word tag not
only makes it possible to extract the target named entities and the clue word
simultaneously, but is also effective in obtaining a structure that has semantic
cohesion with the named entities to be extracted. Experiments confirmed that the
introduction of clue word tags improves the accuracy of named entity extraction
without degrading the overall extraction performance, and also enables the
acquisition of new clue words.

B Key Words : BRI L, MERIZ, REFE

B R&D Stage : Research
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Named Entity Recognition from Materials Science Patent Documents

1. ®E

MERHE BT, 7 — & B O AR L il 2w
THRNCHBAFKZT I [T YTV AV T4
T4 27 AMI) 1V 21 X BHMRIBF T L O HE
ATVBMIE, 7R AREEB O T A HIE L
[TRER A0 T7x2T 47 AP LlABEDESLIL
DA EN TV S, 2D 7D, EBRICHEZ AL
THROLNTZEBEOMEPLH X IEWZ T TR, FHIFOH
WMBIEAL T DEDH Y9,

TXRANDPD, MG HM, N7 E DR L% i
M aEie LT BAERBRMMEY 2 b5, EEE
B EZHWS Z &, Bl Z1E, TFA MBI B XRIC
BLT EEERBTHUONTWSFe I8 & W
IXFINDH B, mERLFELTHOLNTWS[Fe ]
[k 2RETDEIEDNTES, 2D LI I, FEHRBLH
Hic kb, XFFNR LT, XFRELMF TR <, Bl
OWEZ L ICBEMIZZENTEL LT,
BERBEMBZHACIE, EEET — 2 OBERA TS
NEBWMOME T LI FIlZ ML, HHRotE%
ZRLTRBONEXFINZESTT — 9 R—RA 2R
THIENTES,—H, 7T—IR—AZMELTLEX
X, BERL B, BRI E 2 ENOBHIEHANIES L
. LI LR S, ~fRINRIZPANLE o B AR
BTz, BEoRMiriicEs T A RE MO

Named entity recognition

»

AIECNilE, 0.1 ~1.5BE%*

*)Niin the range 0.1 to 1.5 mass%
Patent map

JER X, YEEEmiR G OBWME RS EMEEERKT 5
DERH D AR TEH LD, MERES IS
5, MRl 2T 2R PR TH 5 MR T
2, (=7 250.1%~1.5%, 72 550.01% ~
1.0% D &5 I L RO RN FHBEINTED, Hi
e MBIEAEZITOBOBRELSEEBRE 25, MK

AR AT S IR, R 2 TR - O R EE R
7°0 & Al A B & o 72 BfE B & oo B LA U Y
RKDOENTOBIERPELEL, AEAT D RBH AT HET
b5,

ARIFFE T, MERIH AR SCE & U TR T E 2
WRETZEHFABICBNTDH, R EEOHER
&, AEOEBELNRTH S L LI, BEREMER
THH 2. EHMMER KM 2RFT — S R—ADHEE
TENE, RITFRAEOSFIICE T LI LN TELD
A2 67, RBICHETE T 2R EF M E Ic& £ 2 8l
‘*iﬁ’a‘:?i")7’11/;6-/(‘/771‘77"4770%"‘%’6%60
1 CRFHME» T — AL ETcO—ED T —
SIERAOMELZ R T RAXEPSHH THRY D&
PHEOMMEZT Y, T —FRXR—2AZHET LLT,
MRAGIC & BB S A RE & 72 B, 2 DB, %
i3 2720120, MW HERD HETH B4 2 1F
(=7 H0.1%~1.5%] VS TFA I, L-/
TV IECSEBRYDT0.1%~1.5% & Eh 382
BLTOBD, HUYULT XA TH B ERED5% ~

Databaseization
P12345
P12345 Cr 5.0 8.0
P67890 Ni 0.01 1.0
P67890 Cr 7.5 14.0

BTSCED B OISR

m Conceptual diagram of information extraction from technical documents
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10% 13, B clde, REOZEEZ R LTV,
o, BET 2R MG T 5 01iE, =y 7
WIETRZRTEMEN0.1% ], ERERTEHME1.5%]
&R BEA T 2R 2 2L — 7 & UCREE AT T
T 208N H 5, EEOHBICBWTL, HR TR
FHUZHRIATER VR DL L, BonEROM
HAHFHTIZEMRO LS KR TRPBEIC2 5,22 T,
AL TIE, BB T 2FRHPVES I 2EATHILEI
b, BRBEEE & O - BMERM 2 TTREE L
oo I0IT, FHMPVIEY VAR EF - REAERBLL
TRETL, #il- P VEZER L2203 E i
2175 AR E R L 72,

8B, ARG, RREE T e TV P8R~ T
VPR A VT 52T 47 AFii[D2Materi™ | D —
BRELTHEMBLAEZDDTH S,

2. BEEMR

2.1 MRBERNTXENSDIEHRBEH
MEBMETBHICB VT, T—BE RO~ =27
FERRDOENTE Y, MBI CH BRI D79
DM, B E2HVWE 7 7a—FBEAI
HRINTOEY W RBEE T SCE 2 O 1 i
HZEITHIWIZELE LT, flh Sk %% [EH £ B
LT A% 1O MO R EEZE FHIT S
WFZE'7 - 19 FifiiZe U CHEE O DAL RBIZHE L,
MEERE T B OBEN A2 S 2METH 21,
T/, MBEBEER S E P O FXF —T7 L —XEZ2 DM D
REZR MM T 2D D 520 JRirD S IERMMHELT
G E LT, HEREDEARHFICB VT, L—LR—2A
ICHED S FEICK O ERRBEME 2T 52 H 520,
LPLADS, fEROHE T, R L ZDEE
AT 7DRETHE T 27 70 —F IS TH 20,

2.2 FHMDEICEI DR

g 2 REME T 252 FH2OFEE LTER
T5ILT, HEHRMEZTIMAEIMOMEENTE
COFETE, i T aNR ST 25ERZ FHD
DEHELT HANCERT DREDNDH B, L2 L, BRI
ERLFHPVEOATIE, HNE T 2ERZ ML
T27HDFHDPYELTAR T THEWREEDLDH 5,
ZD70, ERINT-FEHPOFELLRT RIS —
Y oR i FEP O ABNICERST ST - X
NIy TRID PP 2 PRESN TS, L2 LAY
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B, 7— bRy TROFHETIE, FHPVEZITIC
AT 2RI — 0 DR, R L RN -
D7 FHPVEOER, LI 2DODFIHZMEDIR
LITSDEDRD O, FHE A N2 5, 72, EHMH
LT FED D ELZRARTNICERT2ZLDT
ER/4AN

2.3 KRESEET /I ZAVHR

ek X, Transformer?® oz a—F =Mz
BERT?” IC K2 HHIE O EEPEW TD o 728,
20234EICAD, OpenAIPFHRLZEKAITH S
ChatGPT*® IcfRESh 2 KHEFFEE TV (LLM:
Large Language Model) DE AR, & L7247
HCHEATH 2. MBRIET BT EOEFIXETOE
i IcB W TH, LLMZHA VAR TbOh T
2, Hub? i3, B2 XHED SERPB W, BN
E7e E DA RE % A RB M3 2BIcChatGPT
PGPT-3.52ZH W FHICMOHATH S, LU,
BERT % 22 EICRi{b & ¥ 72 BioClinical BERT??
ZR—Z2EULEBEEOHME b 8O FEP RN
EholEME LTS, £/, ChatGPT T, BEER
HEEDPARL TR ZE, BXU, PHIT 2 HEEZBET
WKEVHZTLE S CEAERE 2 M EEIET
L7z, EME LT B, Polaks 3 i3, #RHREA B i SC
H oM EG B OREMEZ M 572912, GPT
ZRHOWEZFECHIHATH 2 MHEEROXEDS,
RPICGPT-3.52HWT, 2F2TbTEKR T 2 XD
SEETO, BT -T2 7 AV Fa—=v I Lk
BARTSDeBERTa%xH\W\W /- XA EM L 724, AF
THEOREEZE L Twiz, 72, Polaks3? (1,
Ty EBREVRELRT 7 —Fr—FAHARZRE
L72e 2D XS KLLMZ W2 2 & THEEBFE S B O
ERZEMETE 2R D 2%, BRI T, BEFED
BBV EOFEEZMAL-HEHETVICX 28I
HEREAR VI L, I6ITiE, RIFZED &5 ICEH KRB
HXFRDFEH ST 5 BT IX, KR BB 2
BT, RO ETHRERET LV EHBD
BROEECERLEMAE VEEETVLHOL TV,
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3. REFE

3.1 ERERRMEH

AETE, AR THR S BAE R ICO W T
T %, EAREME & X, CEAOEE R Z #%
L, T 3ILETHBE,.ZDLEE, XDWLKODPDHE
R EE -2 bDERY, RIINODZNEThOEEK
WCIRNEMNETEZLEEZRIITRY) T EMELRL,
nHEEP S D AT x=(x1, 12, oo, 2) ITNLT, BT
Yy=(y1, ¥2y ey yu) EYZRIRTRIITRY VIRJEL
LTERTER, 22T, ViZ m DTNV OEETH
B AR T, BEERBEZEL 720, m =n LEE
L, Y2EIERHOESG LT 2, ASixicd sy
ZSMAT EHEF p (v x) TETIVALL,

y*=arg max p (¥|x)
¥y

LN v 2 RET %o

3.2 EERBEEFHNDEY T DFKE

AT, AWFZE TS BEARBUC O W TEHIHT %,
HHHH e X OEEHB TIT 5B E LT HATIE
FIZ, IREXHIRHE 1Y 2 7 2 CEAEREME S
A7 ENTO S, IREXTER S N EHRH
DL LT, NG, AR ENDH 5. A%
T, MEIRH AT I OBRY O B LR A2 M T 572
b, M2 R T 2R CHEOERE LT HED
BIHERBRZBE LU B, EBICH O EA RBERE

*1 https://nlp.cs.nyu.edu/irex/index-j.html
*2  http://shinra-project.info/

EAl AR CTIRSEEREDES
BELJ RN Definition of named entities used in this study

IZi%, IOB2 (Inside, Outside, Beginning) /5% %
BHL7,

EAREMIL, H2E®RZRT IV N %, Z
DY 7 ENIET BFEACMNETE(FGRV VT T5)D
ETEMT 2, MAT, KAWL T, BAEXRB ML & FH
RS, BRI ELE 02ROV —TILOFHDD
%52 %, BRI, R TH 25EA~DTRY
VIERTIY L, BRIV =T DT D F#H
DPOEEERDFEPVIES T D20 EHEL T2, FcEH
BRBOEHEEZRNCH I HENREFHPVIES
FSOEAERBEZHRIFLTnBE7, RICHB LSS
DUAMCEH IS O A KRB 2 %G L 7. R1TIE, &
WROHNTH IR L BOIEICHRHERKS -
b, BHEYORPHLBICESELWFHPVEES T L
IR DU O A RE O FLEIZEIET 5. M5
Dy 7 ELTIE, BEYTH 5% (element) P{LE
) (compound) Z R §EAERI L LTlatom ]z
B L7 EA2ER T TR (ower limit) - LR (upper
limit) O fifi % m 3 EA £B I, THREMfig LL],
EBRfElfig UL]D22o0D% 7 ZHWTz, & 61T, BED
BB L UOEKRZMN G T2 FHD2 0 JICHY T 2F
#HhrviES 7 L LCllimitation | D% 7' Z W %, F#
NOES BN EINBZEAEERZ, BERD 2ERE
Fe oy, S h7-tho EE KRB & DAL ERF
DO, LAY, BRI RN =T Db DFHE?D
HLinb,

3.2.1 FENDFEYVICLDERMBEER D
FH»PVES T2 BEATZILET, MIENROEH

RELOBWHBEMEZ ML T 2 2 EAFREL 725,

TLHEETLKDOEHED TR EROFILZR2ITT

Named entity Description Tag species
atom Elements or compositional components of a substance Target ta
MEDQTRVIERRS EXS BT gettag
fig_LL L_ower limit of elemental content Target tag
- TROEHEDTR
. Upper limit of elemental content
fig_UL FEEDSEED LR Target tag
limitation Limits and ranges Clue word tag
Bk, XUTF, RagEHR - SEZRE
selection Expressions of sglectivity, such as the number of types of elements Clue word ta
TROEEHE SRR ER T RE ¢
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T ZDBITIE, THRDOEERD TR EROFEMAE T
[~ LEDOERREOTHR . FRZMET 27200
FEPOERD I~ LOEIHBTRTHY, #H ERT
b5 LHEESN, [fig_ LLJ, [limitation], [fig_UL|®
Eiz& 7t E3h, FE»VES 7 OMEBEICLD, #
®2RI(fig LLI, [fig ULIDEEL 2B TH S Z
LWL 22 RO FEPOEEL LT, [T
(A E]%EHHBH, BT LD TR LRONETHIBE
L0 FEPVFES 7 2B R LZVEGE I, BERY O
EHEOTR: EROBUEDOAZ ML TW28, &F
HOERE 72356, B2 28Ul O K/ X 25
T, BEOMEF 2 EL LGB TER V. — AT,
FHPVFES I EZEATHILET, FHPVFESTOH
B2 E & M RO AL BRI R 2 & BB DNEFF % IE L <
BT BIEDNTED S, Boh - REEH O
RIED» SRR L DBIRIEERHEE L, BW®WN 27N —
T 5. B2ICAHi Tl L - FHE»0ES L
HHNROBREOMERKZ R T,

limitation ©% 2/ 56

BELI W Example of limitation tag

R O&H6BILEZ T TR, BROBRY» S
%%, L0 BKREZFROBEMOHEMLET 5. 22T, FH
D0 EEs Jlselection | Z &L 72 6 21X, [ (Y
THD) RN LD —FBEEAINS], HLLIZ
[CHEEN EEESNS L0 BRI, By &I
FTEHEXRTH LN HIXER3ICH T, LHEIME,
TI, AL, Mgl W Fhmd o, [ 128 E% &
BIEOWHOEBOBBEYOEE 2R TFEHIVFES S
[selection|ZR L 7fITH 5,

DEDZENS, BRINARIN -y 2 ET 57
DI, MHENRUN DY 7 ThHLFHNVFES T EEA
L7zo LU0, Hi7- 2 0B AL BT R
ZO0bDODOMBBESLCHE L7y T 2E~D Y Tt 5
KD FHIli S BT H % KA TIE, TP OFES 7
BALDBEANOHELERT D,

Word Sn : 1

5 ~ 2

Tag atom (0] fig_LL

fig_LL fig_LL limitation fig_UL

Composition

atom

|

Elements,

Compounds Upper limit

Limitation

Clue words Lower limit

BEEN =1 05 0 E it R OBFEOBESR

m Schematic diagram of relationship between clue words tag and extracted words

E selection ®% J 1541
LEICRH Example of selection tag
Word Mg 0] 1 & X 2 iE ME = a8F
Tag atom (0] selection selection selection selection selection selection selection selection

ZOFYU7IVEER Vol.39(2024)
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3.2.2 FENDEYIVCLDHIBFRNDEDER
fERFETIE, FH2OFEZMBAME L TP OE
#IDHILT, Pl ERL IR T 2 RBEH 2 T
POFELELTERLTO I ATIETIE, FH20EE
Rz 27-0FH»VES 7 ZEHERBL LTE
£T D, INICLD, FPOERSNIFEA LSS F#HD
DEEELT, N REFARICRDZENTE S, LT
23o7C, G & Fr 7 e T D EE DR L 2 FIRFIC
FEMATRETH %, AWE T, Hi7- 2T HH» DFEOERS
DOHEEHEIC OV THERZEIT o

3.23 FHEIMDEIIBALLDIVT—FIIR
FIAVDHRE
FHPVES S EZEATEIEICLD, LREFH DR
R SHERY L DBIRIEARHEE L, BN 27N —
TEMHTE 2, E 7, BARBMHGBER CFH» 03
Y TELTNEENT BB, FieaFE»VEDE
BLEMZDZENTEDL LDLEDS, FHPOFES
TOENZ, Fil-kBEERHEEZEBMTEIL LR DT
b, EEREECHEN S SORBERTIEZSINS %
T, AHETE, MTOZROVY—F 7T AFay
(RQ) ZFE L, SfEft iEHREY (CRF: Conditional
Random Fields) D F k% 7 EBRIC & O REEZ 1T
ITLEL7
RQD) FHH» 0FES 7 X v RS 7 O S E
iEm kg a0
RQ2) F#r 0 iES 7 DB &R I ET 55
RQ3) F#H» 0FES I X W Eik e T2 VBN ERS
TE5

4, RER

4.1 BERBEHMHEET IV

AT, BAERBEMEBETVICOWTRR B, Hifi
TRELLFHPVES BB RET 257 DK
EmEB8XOEER EOBICES T 2E 2 BT
%720, CREZHW-BEHRIEMEBET NV EZHEST 5,
CRFZ, 7 7 DEBZH W2 FETH Y, BELET
NWTHH 2,2 T, SHOFIFOEHEZERT 2D
ICHELTWBEEZ T,

CRF T, AJIRI & =(x1, 22, ey ) TN LT, )
¥y=(y1, ¥2, ey ) ZRD D,

P(y1%) = exp (- (x, )

X, W

ZDEE, wIHEETBNTRA—8, Zewld, T,P(y|x)
=1Z2RAET 2HRET, Zew= Xy exp(w- ¢ (x,¥)) LE
#3554 (x,y) 13FEEBBTH 5, CRFZ W THH
x 2 ET 563, LMToRKLIELRFL,

1
Y*=arg max o exp (w-¢ (x, y) =arg max w-¢ (x, ¥)
¥ x.w y

UL, EEoGa, stEICKES 215728, CRET
B, U TOEI R EEZEE, RRLMEZE DL
&, LR TH Y, X $e(x, vy yio1, yi2)7RE
DIREZBEL ZEDHTE 5,

bir(x, ) =, bil(x, i, Y1)

L7z T, ROBAUHEZ S 2L L7255

yx= arg max 2w b (x, v, yi1)
t

42 F—=Htvhk

R IS ESERHEH OB H 553, &
WFoE Tl MR EFE R O#IF | OHEZ N R & U7, [FREF
R OHPH X, RPZRE T 5720 O BEMFHFR
SNTB70, ThICK D RET RS FRIH O HIBH A
NEND LT, FFHAMEICL > OERICEE
RIEHTH D 7z, MBS N BRFEFICIE, ST
i B ORFFFHME N & TN 5,2 2T, KA TIE,
S EH D % 5 BEt E i 4 B iE W A4 1B $ 213
BREr A T3 (IPCO) ZFHT 22 LT, BEY D
BPLHEOHBE L VLS EUREFAEZREL . H
RCIE, HAREFF T ICHBES N IPCHEEC22C (&
&) BT BT DS S, 20004E1 A 520214
SHE COMIMICAR S Nz KEFrHME O [F5R 0
P OEBE IR S h - XERICTHR]Z & 815,053
HEHMEBLZEMROBEDOT, XEFICTHE %
HEUXREICFTEECHEVOEERDO TR ERD
iz nd I REDPEEINDLHWIL /272D TH 5,15
SNieT =200, [FEROH | ICE&EEN599,5853X
6978 EMAELICIO L, EMIRICE BT/ 7—
YVavEEMBL, BT -5 E L BlT -5 D55,
—HWCFEPVIES TR EET RO EETN TV Z
T, SEER L BETI T — 7 I RTEELT -5ty
A &, FE»VEEY 2 XRICELT -5y b
(OnlyClueTag) D2FEFED T — 4t v b ZIER L 72,
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Tibb,
F—=%y (Al :TRTCDY 72 E&1978
-7 —%+%v b} (OnlyClueTag) : F#H» ViES 72 &
$9223¢
D2EFETH 2. RAUKT — 5y DY THETT,

El st roson

IELICY:8 The number of tags in dataset

Dataset (All) Dataset (OnlyClueTag)
atom 6,096 6,056
fig_LL 2,939 2,938
fig_UL 4,162 4162
limitation 4,935 4,935
selection 1,022 1,022
balance 382 382
fig 20 12
unit 4,693 4,677
formula 341 314
sum 88 88
use 990 937
variable 589 567
4.3 EBREMH

CRFD 7L —L47 —ZZiXcrfsuite** 2 7z, CRF
TIE, ANS N HEEDOROBEMEIC L 0 BB HZ2 %
BT 2. AMFETIE, iR D 1 HEE L 2HEE, HEED M
M HOER, BEOTFEB LVIERD Y 7% %k
ELTHIAL, Zofla b T LICF]-scoreic &b,
P U 720 728, AN L7 XiE, MeCab** 2T, IPA
FEICE->OBRBEMIT 2 EML, MM EHEZ KD
Teo F o, UFMIL, BH, 77 E T XF, BFNLF, %
FRILF, O, hyhr, 2Dz 7 K5
THOZEEDHAADEERSICT T AL BN
CFEET =2, 7Yy Py —Fic kb, midizen
ANR=NF A= %KD, 557 EIR 2L X 5 FFf %

fTo72%5,

*3  https://github.com/scrapinghub/python-crfsuite

*4  https://taku910.github.io/mecab/

*5 BRARATL—YarviE100&L, 702Y X LIZL-BGFSiE%R
7=k Tk olbfgsE w7z, LTIERILE L L2 IEHIK
DT X=FixZFhZh,L1: (0.1, 0.5, 1.0), L2: (0.05, 0.1,
1.0) D ¥ E 1T o 72, £ 72, all possible transitionsid
True& L7z, ZDfthld, 77 4V b DT A—=8 % H Wz,

ZOFYU7IVEER Vol.39(2024)

B crr cruvsomsane
e [-¥-0 Combination of features used in CRF

Wordaizu:fttsrefore PoS type | Type of character

Pattern A 2 @)

Pattern B 2 - O
Pattern C 2 O -
Pattern D 2 - -
Pattern E 1 O O
Pattern F 1 - O
Pattern G 1 O -
Pattern H 1 - -

4.4 FHET5E

T—Fy FETANT = LEHT = IHET
BHRA2RET 2.5, TALT—2210% EFEEL,
BT -y DEIL, 90%, 80%,...10% E L7z, 2D
EX,EEHEIBEMT 513 E, Fl-scoreh @ # 5H
NEOND, 28 - TAMDOHEE9I0%, 10% &L
7zo 7 =%+t I (OnlyClueTag) » &, F#H» 0iES 7
(limitation, selection) &L 7 —% &y F L& Ei
WT =%ty FERERLI. FEPVES T2ELT —
v F%2CW: ClueWords, & W &%2NCW:
NotClueWords& L, A%, 2O &3 IZRFLT 5, 2D 2
DDT =%ty Mk BiHlifGERELKTZZLT, F
BrOES T OEREEFHE T 2. 708, FHPVFES
JEMEIL, RS T2 T 2 ZEDHINTH 572
&, [CW: ClueWords| T, F#h b iES 7 HIEDFE
il i VX B~ T, B & ML 726

4.4.1 RQ1),RQ2) DREAE
PEREEHEIAS RIS B VT, HEHNBEZIT S 720, U4
a2y ONERFIRE 2z Fv 7z, H BK#E p <0.05
&L, MifIRE % i L 72, CW: ClueWords& NCW:
NotClueWords##£ D fli i #E (Micro-F1-score
A, [l 08 7 ORI, %4 7 DF1-score%
W, BEZTT I,
E (R 1 FEEEZEE L HEICBT 5,
Ry —v A~%% —H (8FE%H) DF1-score THiL
RE (FEER) REEREELEAICBITS,
EEEFEI0%~10% (9T HH) DF1-score THHEK
DIRE I, BREICOWT, BE GEIERE), BE (28
PR LT %,
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4.4.2 RQ3)DFHENDIEESTE

RQ3) O F 2 0 FEER O Al TI1E, HEHHE
90%72°510% D9, CRETH WS Y —VAD L
NY—VHODBHY, 2BEDT —5 &y M THBHCW:
ClueWords& NCW: NotClueWordsDfiAa&bhE A
G144 ) O FHIFE R P O FH D 0 iES Flimitation
B X Uselectionh it 5- & 172 5EA) 2 A Bl FFAG L 72

5. RERERCEER

5.1 RQ1:FHENDBYTICEDMERRY T D
HEEIZE LT DD
5.1.1 HEWRY T DHER
FEREROITTNTMHIZF1-scorez2 R T Bl DEME
AZBWT, CW: ClueWords&E NCW: NotClueWords
ZHBL, RSB WEBIC T EE2 M. 72, HEEE
BB X UMicro-Fl-score TORREEZ KT E LTz ¥
& —> CIZBWT, Micro-Fl-scoren’— & m W g % 5
720289 = ClzZ B} Batom, fig LL, fig ULIZw§hdb
CW: ClueWords»’NCW: NotClueWords%: _E[A] % #& 5
237z,

T s so0ms
Results for target tags

Fl-scorelc B\ THIE (BMERE) 217> 725 R,
atomB L Ufig ULREEEN AN P>/, —
73, fig LLIZ pfii£30.0027 720, EREAED MR TE
Teoft\ T, Fl-scoreDfii %zt 3 5 &, fig LL&fig
ULTIE, WFhoHEHEICBWTH, CW: ClueWords
I XNCW: NotClueWords& HiR L, A% EOfERE
%25 TCW 5, L72>T, F#H» 0 EES Zlimitation®
BAOHE, HEEETSET, TLAERSESH
Reol . AERE, FHD VFES Zlimitationk &
BB M & B ofig_LLEfig UL & o3Crh Bzl
HLHRT 2.5 7 OB BRI G 2RTITH T, ZDHEII,
T—=%%y FAIICBIF2FEPIES T &M R
DY T HEEET 2EGEZTAEL DD TH 5, FHPD
#&4 7' Tlimitation | DR ICHH 5 [fig LLJ, Ifig_
ULIOWIT 2B EENIEEBLOFEIPVES S
[selection | DI ICHHI N FK[atom | B3 & 2 H]
A&7, limitations L UMfig LL& fig ULL BT 2
#HEH61.96% LE V. TobbH, CREIZY 7 DEBRZ
I3 %729, FHH» 0 FES Zlimitation 2SS D
fig LLE X Ufig ULORE M EICEBERICEFS LT
DRERPBONZEEZOND,

Feature of pattern Dataset atom fig_LL fig_UL Micro-F1-score
cw 0.9658 0.9865 0.9935 0.9727
) NCW 0.9630 0.9712 0.9909 0.9690
Ccw 0.9658 0.9846 0.9922 0.9719
° NCwW 0.9688 0.9729 0.9909 0.9730
cw 0.9668 0.9865 0.9935 0.9741
¢ NCW 0.9610 0.9730 0.9922 0.9705
cw 0.9608 0.9807 0.9922 0.9700
0 NCW 0.9620 0.9767 0.9922 0.9706
cw 0.9530 0.9733 0.9870 0.9664
- NCW 0.9522 0.9572 0.9832 0.9635
cw 0.9539 0.9733 0.9870 0.9683
- NCW 0.9558 0.9572 0.9858 0.9659
cw 0.9546 0.9771 0.9896 0.9677
¢ NCW 0.9568 0.9592 0.9858 0.9653
Ccw 0.9556 0.9731 0.9844 0.9671
" NCW 0.9595 0.9613 0.9819 0.9647
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EVAl FHEDDEY D CRENROBESS

BE1[-Wdl Percentage of adjacencies between clue word tags and extracted targets

Clue word tag Number of tags Number of target tag neighbors Ratio
limitation 4,935 3,058 61.96%
selection 1,022 22 215%

5.1.2 MEMRYIUADER

Hi i THW/zMicro-F1-score B’ —& @b > 728
5 —  COMAE DRI OWTHEN SRS 7 AN DF1-
scorez X L 7z (FR8) L Hifili TR R7= L 5 12, FHH»
WEEY 7 HEAT B LT, iR oatom, fig LL,
fig UL MR IER EL, #icfig LLIZAE#%EA
o703, formulay 7 & sum# 7'1%, K& Fl-score
ZHRETHRE ol FHP VY /2B ATHIL
T, FEHPOFES 7 OB R TR WMDY 7 OHiH
WEICHER RIS Z LB bbb 5. Formulay 7'\, #
Bz S ATZEEETH D, sumy 7%, it ROGE
LHHEDH 2 TP VEEY S TH D — T, FHH»FE
Y7 EEDT =7y MZBWTHEEEL EhX->
7-®\%, variable X balance T#% %, variablel, # &
V%EHELTRELZDDT, atomEREMAL LTV,
%7z, balanceld, Y OHEDS b, HElI Nz
HBEDUNOEHEM TH L LI ERERT Y TH b,
WD, FEERY &R LR I B 1 AR
THO, BERNBEHEED LDV H LT 2. By L R
2195 L0 YYD HNOHFE T, FHIPVES IH
BB ZIER TE 72, L LYo, EENICF#h
VEEY ZICBE Lisnwy 7T, HEEAMEL 22 B 5 78
HbZERMERTE

FHPVFESTCHEG LR VY 7 O ERET
X, KR ICBITBCRETE, it 12H L IE2DODEE
AL, BRMEDAZRBRLTWE T E, £z, HEFE
ZDOWTE, TERREBITOZEDLEZIRT 2 0EBDH 5,
i, iy 7L OBEEMEMMENS T ORIz OWT
W&, O FEDOFE T TIE L, X0 URITE W
HMEZHATESBERT-CRFO L3 FEDHBHER]
ThHUREEDEZOND,

ZOFYU7IVEER Vol.39(2024)

EZN v corz
AEL) XA Results for pattern C

NCW: NotClueWords CW: ClueWords
atom 0.9610 0.9668
balance 0.8539 0.8764
fig_LL 0.9730 0.9865
fig_UL 0.9922 0.9935
formula 0.9411 0.8235
sum 0.8750 0.7500
unit 0.9904 0.9904
use 0.9890 0.9890
variable 0.7346 0.8076

5.2 RQ2:F#HHD
CESY

MRER6IIR T 2MEMERETIEH, Xy —vCD
CW: ClueWords#%, Micro-F1-scoreS—& & 22>
Too—H T, BE (BUH) BIUOBE (FHLER) T
3, FEEZIIRON o7, U EORRD S, &4t
BT, FEPOESY T 2MZ 2L LTH, KRERMRE
FAE R BMECLI/RIPODEREITALNL
Motz Lo, Rl VEEY 2 ICEERE
ELTMAZZELTH, FrlicRERMERA LRI T
REHEIEWEEZ NS,

EBYJDEMIEEEEREICEE

5.3 RQ3:FHMDEYIICKDBREFHMNDED
ERTEDh
5.3.1 FEHMDEY I limitationDFHIHDEER
DFfER
7 —%+%v k(OnlyClueTag) Ti&, B2 FH#» 0
FEIIEETCERP oD, T—F kv b (All)"C %, B
BRFEDPOEPERCE L FICFEHPVEEL LTI
I NFERBINAERIT]ET0021TH o7z, HFE002]
i%&fﬂiﬂj?‘\%of:f:&) fRELTHEIE R FHPVEEL
TRBSINFRBI1EETH > 72 FEDDEEH
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ED90% 5 H40% BN T, NI A limitation®
FEH,POFEL L TERTE

TGRS, M IEM12EE%DCr] L 358
B TDAL S, YJORMICHD, TEOEHELHE
fzE&CRHEOMIClimitationE LT, 5T
Teo CORGERIE, BHBEEL TV, TEOEHEM
Hich, tEOERRLEMZEURBEDLFHEHRID
4 Zlimitationlc & 0, Ml ATREZR 2 & 2R LT
Wb,

5.3.2 FEHMDEY JselectionDFENDEBES
DFER

R/ITWE, Z2DF—%+» I+ (OnlyClueTag, All)
TEbh 8T — & OHTlselection] D& 7 H3
EINTELT, 7TAMT —% Tlselection] D& 7 H
MHEEINTHEO—E2RTHZICFHIOIEEL
TRBEIN-RBEOBIZIISEETH o7, 2D b,
selectionDEHREZEF X, R THILEDONDH
BRIRFEEL LD o B FHPVIELLT,
selectionTiZ, 16FEHDFHD VEELH - ITERT S
ZEMTER,

H\wT, ¥ =%+ b (OnlyClueTag) iIcB\WT, Hir-
IR LT, [T | DER BRI 2B 5, PRl
Eho, [FRICRTH? OEIRE N2 1EM EonE
& | selection LT G3 N7, TN ET, Pl
VL RIE D — S TEML T 72—, PHIRER
T, selection?¥f 5 S N7z XEDEH O XEIZFLHEK
ENTVWBILEAZBEMN T Tz, ZORER, KDL
FEICRE S N RICH 3 2 BIfR M b selection
L DHBIMEETH Y, NV —TE LTI TRE R Z &
ZHER LU T2 XEMICB I 2 iR 2 BES 1352 &
ARG E e S, R B OHE 2 28R/ TE
%o CERE CEEMTIZ, SHBOFMBFEL Lz,

E #ifz(Tselection M5 EN/-BiZE
BF1JCXe N Newly assigned word selection

6. ®WE

ARG TIE, MEHRFERMNICBE 3 2 RFFXE P LD
[ H LB H 21T o 720 BRI, MR R ICBE &
ZE MM ICEH U 72 MR Z R 5, M2 1R
TELREZOLEHFZ R I RTFE2MBT 27201
X, TELAPHFE2EMCHE T30 TR, BE
DILFEICN T BHBHFEZ —DD I —FL LT
TEMBEDND 5,%Z T, KA TIE, LHELZDOHE
#Hi 2R THFOMIC, FEHIPVES 7 2EAL, LR
EZDHRHFE—ODIN—TELT, TLHTHIE
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Magnetic Sheet for Wireless Charging

FINEMET® MS-HiQ Series
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Magnetic Slot Wedge
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High Performance Nanocrystalline Soft Magnetic Materials
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Manufacturing Method for High-Ni Layered Cathode Material
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\ | [
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m Manufacturing method for cathode material
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Discharge capacity measurement conditions: 4.3-2.5 V,
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Cycle conditions: 4.3-2.5 V, 1 C (25°C ), Anode: Li metal

Trial calculation conditions
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Ni (OH) 22)
Li,COg"
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2) Batteries, 5, (2019), p.48
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UV-C Resistant Silicone Sheathed Cable for Medical Applications

SilMED®
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m Tensile elongation vs. UV-C irradiation dose

Item UV-C resistant SilIMED®

Conventional SIIMED®

Sliding properties

Coefficient of static friction:
Less than 0.20 * 4

Coefficient of static friction:
Less than 0.20 * 4

Wipe durability *1
(nonwoven fabric impregnated
with chemical solution * 2)

Coefficient of static friction: less than 0.22
(after performing wipe testing) * 4

Coefficient of static friction: less than 0.22
(after performing wipe testing) * 4

Chemical resistance * 3

Almost no discoloration
(color difference 4 E * ab < 2.5 *4)

Almost no discoloration
(color difference 4 E * ab < 2.5 *4)

*1  Wipe durability: Durability after 10,000 wipes using a nonwoven fabric impregnated with a chemical solution. Depending on the type of
nonwoven fabric, the chemical solution and the wiping method, the sliding properties may deteriorate.

*2 Nonwoven fabric impregnated with a chemical solution: Nonwoven fabric impregnated with ethanol for disinfection, Sani-Cloth® HB,
Soflight™. Sani-Cloth is a registered trademark or a trademark of PDI, Inc. Soflight is a registered trademark or a trademark of Asahi

Kasei Advance Corporation.

*3 Chemical resistance: Ethanol for disinfection and many different disinfectants for medical devices

* 4 This represents a test result, and not a guaranteed performance standard.
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Category 5E Cable for 1 Gbps Transmission for Rolling Stock
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BEHEBWADT —7IVIE, BEATES

=

RailNS® (NH) -C5E 24AWG X 4P

[CHBVWTIFEMREDE#IREITHD
CENMEAEERD.—ATEBATIETIE
RN K KR 2 ERRIE (EN45545-2%2)
TRESNDMERRICERTDIE
MRBEEENDT—ZANBITED, &
DEEL VWA K REHUDRDONDFEH
mFmBERARELE#ERDO/N\NOT YD
U—y MBI ZERATDETEM
IRER, BN A K R M RIE O EZE
WEL, BATIS CEEATIHE TERD
AIREREEE LI (R KLY —AM
BHCE#REZMN 5T D& THRRE
MRINERFIORIMEAEE D, BR
BHEDRBFHRUIFLYTHERYT
CENTEDHRKZRLHEERS
MZEMIITDENTER(K2, E3).

w
(=)

e
o N b
o o o

Sheath

BEE case o vomiE
ETEN cross of CAT.5E cable

Twisted pair
»/<§ Separator
® ‘.\Tape shield
% — Braided shield

Attenuation (dB/100 m)

Cat.5E specification

N

(pair 1-4)

Cat.5E measured value

A O ®
o o o

Near-end crosstalk (dB)
n
o

| &1 POEE Y
BF11[53 Results for reaction to fire

10
Frequency (MHz)

m Attenuation performance

o

100

SHICY—AMBHCEUTIS AR

TMAGEEITNIMRZEET D

CET, EXDATI)—5(CAT.5) 7 —

TIEDEY—REEZEEI LD DM

BHEEm LSBT ENTER(FR2),

RERORAFKCKD, AASEEDER

BEENFREICADE AL, T2MEDHE

RECEENMICKDEEMEDOM LIS

EH5IDEHEFSND,

X1 =Ry MBEELTIILAEI R
AA/R=2a VAR OB REIE
T9Y,

%2 EN: European Norm RRMI#RI&

(BIRERH)

Cat.5E measured value

/(pair 1-4)

Cat.5E specification

1 10
Frequency (MHz)

100

BRI
m Near-end crosstalk performance

CAT.5 7 —7)L& CAT.5E & — 7 LD
1E:1 )-8 Comparison of CAT.5 Cable and CAT.5E Cable

ltem

Requirement

Result

Flame retardance (sheath)

"Flame-retardant"

Passed ("Flame-retardant")

Flame retardance (single)

Unburned part > 0.05 m
Burned part = 0.54 m

Passed (0.28 m)
Passed (0.48 m)

Flame retardance (bundled)

Burned part=2.5m

Passed (0.67 m)

Smoke density

Light transmission = 70%

Passed (97.7 %)

Toxicity (insulation)

Toxicity index (ITC) < 6

Passed (3)

Toxicity (sheath)

Toxicity index (ITC) < 6

Passed (3)

¥ RailNS(E, KX TOT U7 IV OEZREEESEECTT,

T CAT._5 cable CAT.5E cable
(conventional cable) | (developed cable)
Sheath thickness 1.4 mm 1.0 mm
Cable diameter (masx..69r.q"r]nm) 75+ 0.5 mm
Approx. mass 98 kg/km 80 kg/km
Dynamic cut-through 445N 678 N

_
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BRI L*TIVEBET—TI

Flexible Rodent Resistant Cable

ERNASHEDERmARDIZEMIC
W, BET—TIHELEHOHNDELS
[CHEOTCEENIIDONT, T—F Y
Y—DEOSBREDESIZFRZIFT
H<BEEBEFRO—AEHRBEELT
FERTDLIBT—RERELCES,
ZDELSHIBATIE, BAEEN STV
DR THSFoED/NEYHEAL,
WBET—TINEMBRESEDLSBHEE
MEEEIND N T —TILIHRENRE
LCTWBNEFDEIRFEANTECDP
FTVEREBOTWND,

COUREHREICHLT, BIET—
TIVIZIFAEBY —ROABICZTV LR
F—TEEEMIFITHRER>TE .
ETHN, COMKRICEDT—TILHTE
<BHIFICLKL, MDRLARDTh, B

I BEEE resvonssy

1E:11[:3M Braid condition and rodent resistance

BENTEEVDSL, BEAR&EELT
ERENDCEN—MNTH 7. ZD
TR, BEREANTIIEBR L O ITSHAEE
N, ILFITIVEERZDKRE, K
ERESWONTNEWNT =T ILH R
RAENd&&ib, ERERTHEN
EIHPIH o7,

ZCTHUATIS, ORISR ICE
BL, REMNEDRNZEITo/c.—iRH
(CHRAEICEER T 2RI, SHEDESH
WM ZES CENZ VD, (Fol¥ED
INEID D DREREZRTcHRT
VLABDEWEMZEES S & LT,
o, FERKECOVWTE, FEZEX
BLIREE<HIFICKLKRDBD—ATE
EZE<TDEREHEICK LTRF]
> TLKBEVWSHR I DEKRICK L

ltems Sample A | Sample B | Sample C | Corrugated cable
B Density 88% 88% 70% =

conditions | Flexibility % | 21 72 23e()xible) ?har -

Rodent resistant O O X O

* TLFITIVECHT DRERMHELRTED LS ICIEL L Lt BiEE
Our original parameter so that manufacturing conditions for flexibility can be
compared.

STP)

ETEN stainless steel braided flexible LAN cable (Cat5e,

STP)

TOFUTIER Vol.39(2024)

ZFVLZABEETILESTIL L ANT—T )L (CatSe,

T REZEEETLFITIVELCHT S
MEEFEZAV, I TERGHLZ
727 (R REICHLTIZ, RERD
RAZICEBREARE HHIHEDTL
F2TIVEREBRDIEERE CRHliE T o7,
CNoOFHHEIZEEEC, ATV LAR
HERALICT—TILBEICTDE
T, RN REELENSEZSN<TH
FPIVET—TIL(E1) BXTLAN
=7 (B2) DR#ERKLIEC
3, BREFEREZRDICRASND T —
AMBRTE L. ERARIEIFTTEL,
ENBRICEERTEDHRDEES
BOFEBESAVTvTELT20235F

E&DR#ZERBLE(BE3).
ERERAR)

| =1 AR LIV I S

Stainless steel braided flexible optical
cable

27 YL R REE BN RBELT— T

m Small stainless steel braided outdoor optical cable I



=iEE SRR NV HE

Blade Steel with High Hardness and High Corrosion Resistance

YBS™1, YBS™2

PUINKICEN, EELDERTEY
NEAEST, M DHFETIC<VEWD T
XVTFYAEICEBNDZ YD Z—
RFFRZEDTREDED TH D H
YIDYINRIS, ECHES, IAE, K@
HEBETRFDEEINTHD, HFUIC
<&, THOLEMBHREELCCEEDE
ENREICEKET 2. —RNENYHA
(3, SKITPHHEFHO2FICHFREN
PERRMESUS420) 2P LHEGIN®3
[CRRENDIILT VYA RRRTVL
AMICKBIESNDBIEIFHEA - BERL
[2&D, 800HVZBZ 2EWVESZR
I, IMRHEEFZEL<EWV.—7, BEIF

AEICHERTEVMEEZRTH, E
E(FHEW DK ICREED T YRST
(FFES EHBMEOMIIZRETH > .
ZFITYHIOFTUZILTIE, TNHD
SEZRET IEEESMENYAEHE
r'YBS™1,TYBS™2, &R LT,
REDRATYLAFAYMMEYBST,
YBS2MD150°CICH 3B HER LIFS %K
11CR9.YBS1, YBS2&EB([CH T O
IR (BEANZITO/cHE0CLT TR
BIBDUIE)ZERULAEVGEEIEREA
TURE1,000°CTREKRMMKEDE 710,
760HVA' B SNz Y TEONEEE
LB EIEREANRET,050°CTE

800

750

700

Y,
) N
Y,
I,

;- OO
AN

ZN ZN\ AN

Hardness after tempering at 150°C (HV, 1) I
fo2)
a
o

Y,

AN

YBS™1
YBS™2
GIN®5
GIN®3

W Quenching at 1,000°C
B Quenching at 1,050°C
Quenching at 1,000°C
(Deep-freezing)
Quenching at 1,050°C
(Deep-freezing)

Z

z

WY,
LR T
AN
I,

AN

ZES 7N

SUS420J2
SuUS440C

BET icse & vBS™1, YBS™2 0 150°CHER LB bkt

and YBS™2

Comparison of hardness after tempering at 150°C for conventional, YBS™1

Spray

2SS [CIE g 5798, 83THVEWLS
FERICEVESHEONI.R2ICTHE
MEFE LR KERHBROMENZE
U, BBICHBEANKICTS0°CTHRERL
EEROI2KEEEZRONEEEEZ
TP, YBSTESUS420)21CHE4 T 25
W BMHZSRL, YBS2(FLHMRERT

HDGINIEFEDMEMEZER UL,
COEIIC, mWEE M BT Z3RE
IBYBST, YBS2(Z, INkkEFHFUIZ<
SHEARICERENZIEERXRAPAH
TVUREBA, ABERIY, 7TORRY
FA 7ENDRIEWGAN R TE S,
(FFRM = 2£0)

Test piece

A

20°

Salt spray test conditions:
Liquid: 5% neutral salt spray
Temperature: 35+ 2°C

Test time: 12 h

Vertical angle: 20 °

EAEBHROBS

Schematic diagram of salt spray
test

(a) YBS™ (b) YBS™2

(c) GIN®5 (d) GIN®3

(e) SUS420J2

(f) sus440C

10 mm

BEEN 5 EsstsnsomiE OABEE (a) YBS™ (b) YBS™2 (o) GIN®5 (d) GIN®3 (e) SUS420)2 (f) SUS440C

ETEN Photographs of test pieces after salt spray test (a) YBS™1, (b) YBS™2, (c) GIN®5, (d) GIN"3, () SUS420J2, (f) SUS440C I

X B, GIN, YBS(E, X 70T U7 ILOEZEEE/SHEETT,

FOFUTIKER Vol.39(2024)



BRI

SOFC/SOECEHBA VY-V 5%

Alloy for SOFC/SOEC Interconnects

ZMG®232G10

EAER{L IRz RIE it (SOF C: Solid
Oxide Fuel Cell) [FXFZHEEL
B EICRIERYIKEBRDIU—Y
BRBEEBETHD, HREWRISHEIC
KEFELBEVWCENORERSHERN
DAKNRBEDEEGHKEXT, BEW
SEANRFSINTWD £, BFE
¥R E#E )L (SOEC: Solid Oxide
Electrolysis Cell) [EERDKETND
EMECKRZHETDHETHD,
HAONRRELGBETREIRILF—%Z
KRICEZXTHFES 2R UTER
ENTWND,SOFCHKUVSOECIEH(T
TIIVIRDEIN ZEREMMEL,
AV —ARTZE I ZERHNICE
g 2HMTH D (K1),

600~850°CCEENIT B ILDTY

Interconnects
AN

Y—ARVYICIFEERE, FEKT
DB, BEEEZEL, BERRER
B EBRITDESIVIRITE
< MIANASTHENEIR TS
Fe-CrR&a&MERENS. ZDFe-Cr
REEDAVY—ARIIMICDONT
HESOFCHKUVSOECHFmMME LD
SHICREFEDM A MR LA ke HNT
Wiz,

ZTYHIL, (FENRE CTFe-22~
24Cr7xS1M hRATYLRAMDE
HICHBRENDIBERILEDEE, K
REIIASHEBMOBUREEN,
ZMG®232G10ZR%L7=(K2). X3
[CRIEKSIC, KERIF—MATVLR
fHDSUS443)1 LU TEE{LIEEH D
15<, £7SUS445)1ICEBNDKS5HE

Electrolyte ©2-

Cathode H,0+2e-—H,+02-
== L _JL_ N J[ ==

i 0 e O 1 B

BEI soFc 550 SOEC L omisERE
Schematic illustration of SOFC and SOEC cell

232G10

BICEDORBENE VN Fe-CrRE€T
(FCrEB LB DREMEN K DOND L,
FeB{tMN R LCRBICHRILIEE
MBI DEERILBERAMSNTL
20, BAICRILSICEETI mmDik
M TZMG232G10(3#85+40,00085HE
DMBBICEVWTERERILZERST,
BYRANCRES T E UL BB Z TR
ok, —MICAVI—XRIIHIC
(3 CrE&FIMHIOME L EDR LD
BNOREI-—TrVINEREEIND
H ZMG232G10ICBWCHRED—
TAVIEEMNTHD.B1ZIEMn, Co
REAYI—FT VI DPCoRkbHOE
FICKDCUEREZSSICHHITDIZE
NTED,

€575 e )

SOFC/SOEC Fi-f ¥ — %55 —+ ZMG®232G10
Alloy for SOFC/SOEC interconnects ZMG™

[Appearance after oxidation test] 2.5

Test piece SUS443J1
=1mm'x10 mm x 10 mm
850°C in air

ZMG232G10

SUS445J1

Exfoliated scale
was observed only for SUS445J1.

Oxidation weight gain (mg/cm?)
s

Oxidation weight gain (mg/cm?2)
- &

0 1,000 2,000 3,000
Exposure time (h)

BEEN 2vG°232G10 e —® 27> L RBMOTELE
m Oxidation resistance of ZMG™232G10 and commercial alloys

Test piece
=3 mm'x 10 mm x 10 mm

850°C

4,000

— 0

X ZMGIE, RERHTOT YT OB FEIE R IHETT,

TOFUTIER Vol.39(2024)

10,000

20,000 30,000
Exposure time (h)

40,000

ZMG®232G10 RESRIME LY

m Long-term oxidation resistance of ZMG™232G10 I



BRI

ILFOTNT1RATLIRFIVEERNE

Titanium Alloy Foil for Flexible Display

TAIWTTIVAIY— T AVIEIHD T
fEOCETaAVIRINIED, BT 3
EREEODT 1 ATLAHFRATES.
[EHATREE DRBRET 1+ AT LA D
BT, CORMDENRHEECSNT
BEERERTHD.THIVMHER LD
ERME D76, OB TERD B (T4 F
EINELKTDRENHD, KDMAMED
HDMER, DB IFEED R ENER D
BEREIHARENTND (B1).FTH
TARATILADOEHICRESNDERE
RlE, T AT EHICHDBIFON
D78, DR UBIF IS T DA A
ZRkEns,

EBRRIEEICRTYLRADIRDED
RASND . MIFRAOICHTDMAE

Ti-15-3-3-3

ZHRT DI, SEMIICE D E
MEZMEESELD, BIFERICAY>a
RomIzEmLIEOLTWS LD
L, I (SBMICHESMIFREY
TV R ERICEDEEZFT,
FYFRVEDERICKENED, BE
TIETARATLAICAY Y 20 MAA
HEEL, AR LOREGNELDHE
hHor,

CNOBRERRDIZSD, UttEFFY
A& (Ti-15-3-3-3) DV VIE, Ly
N—RESZREL, MAtZE LSE
EILFITNTARILIBRFYVE
EHERFE L,

TARTLAIROMIFEED B TS
&, ROESE, VIR, flFERCLD

Titanium alloy foil
(Ti-15-3-3-3) 0.02 mmt

RESND (K2) #EDIRUBIFICH T
DMAMFEY H—REXEIFTIELE
BTEY, BRIICIEEY h—RIEE%E
VYVIERTRULEBTHRNTE, #
BELTHAEMNICEDEWTFYVESR
FRTVLRALODEZEDRUBIF (X
ITRDMAMNREL, BITHEEZ2/3RE

FTIhELTED (XK1, ®3),
FYVEL(ISEMIEREIERET
BELNSWOH, BIEDEZENBEHE
TE, BEETREEDRERKIC
BT EREETOTED, ZO535H

#holIEHEEEN TS,
(RS 7OTITILER)

\

Folding point

( ........ Bendlng radius: R

BEI oL =277 270 o=
m Schematic diagram of flexible display

No folding trace can be seen.

Appearance after folding

FOMIFSNEFFVALHE (0.02 mmt)
m Folded titanium alloy foil (0.02 mmt)

| &1 BN I OVttt
o= % IELJ Yl Characteristics of titanium alloy and stainless steel
. . ) ; Vickers Minimum
: Bend t MP. .
g e_n ing stress (MPa) Material Thickness| Density | Permeability ;%ZTJ?USS h\gr(zjkrg:s hardness bending
t : Thickness (mm) (mm) (kg/m?®) it (GPa) (HV) + Young's modulus | radius R *
E : Young's modulus (MPa) {iiV/GRa) (mm)
R : Bending radius (mm) Titanium alloy 0.03 4760 1.0005 e 316 44 L2
Ti-15-3-3-3 | g2 ' 69 326 4.7 0.8
3 - ; 0.03 183 600 3.3 1.7
BFISH D5t ER Stalniess steel 7,930 1.60
0.02 182 557 3.1 1.3
Bending stress — - - - - -
sl * Minimum bending radius that can withstand 200,000 times repeated bending

AERCEROBEFSEZETHD, REETESETVEEA,
Please note that the composition and properties cited in this document are typical data only, and are not guaranteed.

_
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R sEEERAESS

High Performance Cast Roll for Cold Rolllng of Steel

=

—RYZa—rIIILOEEND, B
BEAMIKR CIIEEREILO—XN
&ED, BERAME (1T M) OERL
EHEARLTWNDL £, xEV (EEE)
DLEIBMICHL, REITE—5 —I(CfE
AESN3ERMIRCEEENRIBLT
W, CNHDHIRIFVS NEREN S
LY, BHTISK WY, EEAH LWL EW
SHBUIFFEA B D, ZOEEICER
SNBEZERAO—IVIZ, THEREME P
Iy EEDBVEEIEREND,

YENETHEEERO-)LZ
BOE- AL TEN, BEROMEREE
EOHNEDD, FILLWI—Tv &L
THAEEEAO-IADSAERL

Shell

I cr:o-vom=
Overview of CR? rolls

Metallic bonding

©5% Crforged ONCW10 e NCW20

CR?

TEFTEHEHDFHINENE
BDfINEEDS W RZEEES 555
DZ—RA=RZADH, AO0—-ILD
FRICIRDBAL . YL DREICDHT
BFHFEO—IVTESIc / I\ &, #5iE
RaErs LS 8IS RM, O—ILKRE
EEEECH LT RERM T EZHE
L, e LTEFFHLWEAEEDS
B EERSEEO—/LORFCEDHER,
TCR’ ERRE LT,
CR’O—ILDBEIIEICRTES
D, BOEREEEO—ILFMTNCWI10,1&
EEHARESO— /LM TNCW20,
D22MENHD, O—ILDEREEICH
DETRIRT B ENTES,CRYS,

oo NCW10 ---

NCW20 ---

REEASNTVSEMO—/LEHN,
M EFEIE (X3~ 565 (B2), R AL
(3265, WO 5w IHEE56E (B3) DiERE
ZBELTCVWD. RO, —HDER
BRADREZRBLTNDH, FREICHE
RAEnTW3,
CR?E5%Crigsit E LR LI iR Z
R1(TRT, CRYSTEEFEME (B #E 5
%), e (EEEHEERFOO—
IWIX—DDEE)HMENDIEIFTEL
AREZEO—-)LE UCRELSREZTH
el, BEHROEERR LICEHMT 2
CENTED,
(HR2ETOTUTIVER)

CR? Rolls (Cast Roll for Cold Rolling)

Centrifugal composite cast rolls
Wear resistant shell material + Strong ductile iron core

Composite cast rolls by continuous-casting-for-cladding process

Shell material with even greater wear resistance + Even stronger forged steel core

~ Friction thermal shock test ~

Weight

(a) CR2'NCW10,

18 ‘g Rack Dropped
~Wear test (Nishihara method) ~ g 1° Mild ¥
Hertzian stress: 2.3 GPa; Slip rate: 9% g 14 < Test piece steel rod
Tested material: Q0HS; Mated material: 75HS & 12 Q"' (b) CR2INCW20,
Load 2 10 .
15} K .
/?\ g ® !
- - o 6 Rixd
\J,i\ § 8 4 o | |t ik Mild steel :
Tested L[ o peseeedett] L0 = (c)5% Cr forged steel material
material | \% BRI
m 8 Q=== -e.'..‘r-"‘ Ii}
Mated M 3 1.E+04 1.E+05 A : % T !
material T Number of rotations Test piece cracks cracks
ERRRICS I DERRE ERRS CR® OEEERVEERRS E s RRH MRS

m Number of rotations and depth of wear in wear test

S R o vorsesmms

BE1 3 Performance evaluation of CR? rolls

(a) NCW10 (b) NCW20 (c) 5%Cr &

Friction thermal shock test method and cross-
sectional images of specimen microstructure for
(a) NCW10, (b) NCW20, (c) 5%Cr forged steel

material

Material Wear resistance | Crack resistance | Sticking resistance | Dent resistance | Grindability | Overall performance
Conventional forged steel
material (5Cr) - - < © © &
NCW10 O © ©) O O O
NCW20 @) ©) O @) A

TOFUTIER Vol.39(2024)

X : Inferior, A : Fair,

@)
O :Good, O :Excellent



FEamian

HEaBAvYA70-aYc0—-5—

Ultra-High Temperature Mass Flow Controller

BEBRCNESRERDFEAHREE
TO€XRTIE, BRESYEZEMREA
AEUTERATZ—AMEFENTL
. CD—X=ERKITBICIE, 5EE
BETTMRARZRESEZZEHL
REZHEITSIYRA7O0—-2>~O—
> —(MFC: Mass Flow Controller)
NAETHD. CDIVHLENFEEL
72200°C TEMED AT RE AR B R AAMEF C
(B1) DRREZUTICHRN D,

MK BEERICESDIRABEE
200°CDER

MFCOFREREZ200°CICREFLT

58, FERBICERIZIEIVFY
Fa1I—%5— (T, ETV) EEERICH
ZONBEVABEHEMT, ETYV R

(Inside) Sensing area;
Replace air with N,
by purging pipe

(Inside) Purging pipe

| m3 b SR
m New flow sensor

R sFc1772FX Series 448

m Appearance of SFC1772FX series

SFC1772FX Series

ZEWIEY D7 HITRIRE B = WEa T
HL, BiEESmEN LU TCETY ORE %=
FEICEEL, ZERCTEIVZEAAT
EEE LI (B2) KTV DOBRFRE
Z120°0CUTELCRERRZERL
TofER, ME(E200°C, ETVIE90°CE
REL, &EEI )7 U1
(2) MAtZR LS RIFHBEEY Y —
DFF
MFCICEEHITDIRELVY (T, &
VY- A THBICESHITON, D
ZATHBESNZITIVRDIV—D
BEHENSREBZAET DEHEMATH
B MK EVY—(F, R TIEIERILICK
DIEFRREDOBIEMNMEESND I8
BREDERLL T D HLZEIMZ

B7=8, BIES = BEBDFFHRNES K
OL—Y—3EICKDEHL, REBIC
REUEHREHATDEEDFHE LY
H—(E3) =% L,
(3) AAREMEILKEEORAICED
KEBIL
MRIARDEE L, i EZE<TE
BWSANH B726%, MFCOEEEL
DI AELTHAY T A FiEE
FEORE) ZILFRI &L, FMEDE
NMEEILKTDIZHIC, REEME
AEBZHRALIC. CNEEMEEN
3.2f5ICHER T BB TH D RITME
DLLET, EBIFH60%ER L7z (R4)
KR TOFITZIVT7AVTVY)

Piezo: 120°C or lower

AirIN
=

Air OUT

Flow sensor

-| Thermal insulation

Heating area: 200°C

Covered by thermal insulation

m Thermal insulation structure

‘©

o

= 10

Electrode 2

3

2 °® !

o i o

L 0]

© |

c 4 v

)

Eg 2 —— SFC1772FX

E —&— Current item
0
0.0 0.5 1.0 1.5 2.0 2.5 3.0

N, flow [SLM]
B N ressoEE

m N, flow and differential pressure

_
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TaFIr7IVIN—T

5 5ok S 2

W A
mO-)L

FA1NZA LB A DAC-i®

M NALEBOFMEEERZR LEESEDT
ET, PILZDNECEHEER - SRHERD
r=ZIAZXMERICERLTNET,

fiZE - TRILF—FER

MEHDI Ty hIVIVPRERDI—L Y
HRELT, FEFUTILOME, WEaSH
BRICI>TNET,

EFIZuESLT

B HENESHY)
W EEHE

MY IYCIVEHK HNM® Y —X
BWMVMERHECTEREICENCHKTRT
9, CAEICKDVZal—yavEffiziEL
feZ7RY NV T THEBEDERDDEN -
FEEICEBMLTVED,

MEsEERRE/N\—F1FTF® YU -—X
IFYV—-RANZR=IRPY—EVN\DIIVY
RE, MEKE - TWEEEARDSNZEEED
ESREB@ICHERASN, BBEOREERER L
[CEMLTVED,

WL -
N7-IL7MAZ92

W B R
B/N\ND—ILVOZVX

43 ,"
»,E \\rF

- //////

FAILBEAE NEOMAX® U —X
BLEREMAMEZEEFIEEBLTERL
ERBESAVFYIL, BE8E, EEEMR,
RELGEDQNE - BB, SHNL, SHRL
[CEMLTVERT,

7151 h#EA NMF® 22U —X

BUKEERSELEZIANTA—Y VR
CENDBATY. BN NMF-152U—
XETTIVFYIERZ, OHEBEMAE-
F—13E, BRONE-BRECERLTVET,

BixMEl

B
W ESEEE
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HEEWAER T

MBREELCH, BRAOKZ <OKEETOD
EHREAVKRT, EFEOREMEEELTER
PESEEEL, KEIYISEXITNET,

EEAEMET—TIL - IT&H

JEERME - AT S - ERBEICENTBRES —
T -MIREBERDHESE - WREZCH
fal, MhEWVWSE - BRERltZEzERITD
CET, EREFARBCEMRLTVET,



CVTARIL 7

BE-SEEERWICKD, BEBOREREG
DHERBNEYEHEL, RIEBECENT
VT NIV ZERBL TN T,

5y Rt

ISy RME, BESEZMDEDEESES
BMRITY, Z¥BBEHEAEDHEDET,
B—SETIEEONEL, ENHEEZREL
3

HMEZERO-IL
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