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FOREWORD

With our new capital partner, we have decided to
restart as Proterial, L.td. with the aim of further
accelerating our transformation and growth as a
"high-functional materials company that supports a
sustainable society.

The new trade name, Proterial, reflects the
essence of our corporate philosophy: Mission " Make
the best quality available to everyone," Vision "
Leading sustainability by high performance," Values
" Unfaltering integrity," and " United by respect". It
is made from "PRO" + "MATERIAL". PRO" stands
for "Professional," "Progressive," and "Proactive.
They mean "work that exceeds expectations," "a will
to continue to take on challenges," and "a proactive
attitude. MATERIAL" means high-functional
materials produced by creative technologies supported
by these three "PROs".

This technical report is the first technical report
to be published by Proterial, L.td. The predecessor,
Hitachi Metals Technical Review was first published
in 1985 to introduce the results of the Hitachi
Metals Group's research and development not only
to our customers but also to the world at large.
Reading the first issue again, we can see how the
company was strengthening its response to the rapidly

growing electronics field at that time, as well as its

determination to deliver high-quality materials and
products to the world and its passion to meet the
challenges of new materials and the development of
new products for its customers.

In the 38 years since then, after the information
revolution brought about by the Internet, we are now
in the process of transforming from a society that
consumes materials and energy to one that emphasizes
the quality of life and the realization of a sustainable
society. The trend toward greater emphasis on
the environment is a very difficult challenge for
an industry like ours that uses a lot of energy and
materials to produce its products. However, it is
our mission to promote innovation in manufacturing
to meet the needs of a carbon-neutral and other
environmental society, and to provide materials and
products that solve our customers' environmental
issues. Since its founding in 1910, we have never
changed its commitment to solving customers'
problems and providing new value to people around
the world through the pursuit of original technology
and quality. Proterial, LLtd. will continue to take on
the challenge of developing innovative technologies
and new products to meet the demands of society and
our customers. We look forward to your continued

guidance and encouragement.

FOFUFILEE Vol.38(2023)
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Purification Technology for Boron Nitride Nanotube

ZibhrvEF /) F2—7 (BNNT) OEMEN T 0t ZAfE7 %= HWIZ, BNNT
— BRI E ENBEVERYE RS L, BNNTOIEA B 5 2 L 450X 2 R
Tadashi Fujieda PHIRY > —FEL, ZDRMES L OB B2 ET L 7 SR L L
Bed <, sp3REAPED CHEA BT BIEA A VPR Y < — %3 L7858, sp3s &l
Hilaieiae DCHEAHT 244V HRY 2 —0sp2fE Atk OCHERE T 24 A L MR
fffyﬁgf@f*: < — ARSI, LR TH 2 A BB hF 7 RE T b F o RRT
PAHBEUFTEOW £ T LA LEE RO EMERBNNTE50% L0
IR TR & L AT oo 228, (HE BNNTE50% M EOIETES Z L DT
= BT 0 2 A S & LT, REEEHIFNRIEBNNTARY1 mg4 b,
1~5 mg, BEWE A EEPE I 10 W, BRI : 20~ 40 min, 305 BE5 P
38030k X g, IIRESIE 3 hTd o 70 &8 1%, BNNTHA ORI, H A

RPE, TR RIELIE, MRt S2E0 L MR OEALED ST,

A surfactant polymer species that can remove byproducts contained in boron
nitride nanotubes (BNNTs) and increase the BNNT yield was investigated along
with the byproduct concentration and the dispersion and separation conditions,
with the aim of developing a process for purifying BNNTs. The high yield
more than 50% of BNNT which contains less amount of the byproducts such as
the boron particles covered with the hexagonal boron nitride layers and the
hexagonal boron nitride thin sheets could be achieved in the case of the use of

*
BRAHTOFUTIL the nonionic polymer with sp3-binding CH group than in the case of the use of

00—\ 5 —

Global Research & Innovative
Technology Center, binding CH group. As the purification process conditions to get BNNTs contain
Proterial, Ltd.

the ionic polymer with sp3-binding CH group and the nonionic polymer with sp2-

little amount of the byproduct at more than 50% yield, the addition amount of

s the surfactant polymer was 1-5 mg per 1 mg of BNNT products, the ultrasonic
RREHBIZ M AZBEAS/ ) . L ; i
R T g A dispersion conditions were the output: 10W and the treatment time: 20-40 min,

National University Corporation

) : the centrifugation conditions were the centrifugal force: 30k x g and the treatment
Nara Institute of Science and

Technology/ National University time: 3 h. The future goal is the implementation of the products using the
Corporation Kyoto Institute of s . . . Lo . - .
T - BNNT’s unique properties such as high rigidity, high thermal conductivity, high

temperature oxidation resistance and insulation.

M Key Words : B{t/RU%RF/Fa—7, SHEL, RUT—
H R&D Stage : Research
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Purification Technology for Boron Nitride Nanotube

1. #&

Z{t+rvFF /) F2—7 (BNNT: Boron Nitride
Nanotube) ZFRIHBDERL AV EILRIN=ZA L
g A2 P Rlc 2T E D K5 IliR~zy— %
HfARICD /e F 2 —TRWETHY, h—FvF/
F2—7(CNT: Carbon Nanotube) & SEBIL 7= #iE
2HT 52,2070, CNTLERZEOMIMEEE T 5705, i
FRITHEDENSERE LT, CNT & b bt &R ik i
BNT A1, Mg, EEYE, P RINE, E267
5, RIIBNNTECNTOR KR 2T T, 2NSHD
FetEZ2 G2 L7-BNNTOBEA B L LT, HEM, =
FONF — BB, NAT AT A AN ERZETON D,

BNNTIXCNTHER, €8, €73 v 7 X, ok
747 —LUTHEHTE 5, %7, it B, BVZE M, d
PEF RGeS 5 TF, T, HHE, HEHES Y
T~ OB DIEARE S 1 5 F7 12, BNNT O iR
FR AL 5 i RN BB 2 75 2 U 72 R D Se HE I 72 it
ZEEHTH~DOBHPARFIN TS,

¥ 72, BNNTOEER BB X Mgk 2765 L7z
IL 7= AWHNOHBEHAPPRFINTNE, 5
IZ, BNNTIZBTTEP SR IN T 5720, (REET
horLLBIHBEDLD D7D, Ny T —DEIL—
F—NAZYF Ny TV —=DT) — FOREFE~D
BHHBEZEZONTWS,—H, CNTR I 77 2V b7
BERE F—E Y I ENBNNT 2 AR DE %
BY — 7 — R, iKY /K 5T i, AKALEE
DAL EEREZIED U, @i 722 & iR B O W6
BREFLOWELINT =Dy —, E—%—, FKE TN
AANDFEHBHIFIN T3,

—77, L OERFRB M EEEHE L D, BNNT
DHEFBZEMEDFEHINTEY, FIv 7 8EFTY
N —, MHER TR, ERAL AR HA T b
DFEABBE SN T 5, K512, BNNTIHRMNIC K O B

BNNT & CNT DL
BE:L Ml Property comparisons of BNNT and CNT

Rtz m LS e B0 RERY) v — g av R
Vv rDAVT Ty N PHEBEEICB TS Scaffold (&
i) ~OEABFS N TV 5,

¥ 72, BNNT O FWRINEE 216 %> U C, JEi g 2 17
HUTHIE S B EEANDIHANREZZ 5N Tn31Y

EZAT, BNNTEEMICIZ, R1ICRTXII, A
HEEMFRYE(h-BN)BTELON R YRR TF PN
HEEMNMRYEOHEHR (h-BNY — b) 5 5 5K 5 Bl 4 R
P50 witRBEFAEL TV S, 2N DOFEIERY X
BNNTIZHAR, 7 ARY PN S Wiz o, EFdDiE b
747 =L LTCOHRMBEBENNECDALLT, 2hH
DRIERD M 2L, HEaM oMt z5 & §
HREMED D B, E 7z, TNODORIEEYIEBNNTIZ
N, HEEES /DS W20, 2o ORIA Y B+
3L, BREEEORMESILLHELSATRELH 5, 351,
RIv 7« F YY) —FHE T, BNNTOHZ2E I 34
ZBIEANT D720, 22O M EE R R L 22w
DAELT, ZNOOEMC LV EITEAPE KT 280
b b,

m TEM image of as-synthesized BNNT products

Properties

Boron Nitride Nanotube (BNNT)

Carbon Nanotube (CNT)

Young's modulus (GPa)

~1,300"?

~1,250%

Thermal conductivity coefficient (W/mK)

350 (for outer diameter of 30-40 nm) *

350 (for outer diameter of 30-40 nm) *

Electrical conductivity

Insulating (band gap : 5-6 eV ©")

Metallic or Semiconducting

High-temperature oxidation resistance

Burn at 800-1,000°C in the air ¥

Burn at 500°C in the air ?

Piezoelectric properties

Piezoelectric constant:
0.84 - 4112 pm/v "

No

Thermal neutron capture cross section

Boron isotope enrichment dependent
(°B: 3825 barns, ""B: 0.0055 barns, N: 1.9 barns)

C: 0.0035 barn

ZOFYU7IVEER Vol.38(2023)
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— 77, BNNT & Bl 4 B D 1 Bt 32 0 f Wi i A3 R
UTh b0, LZRREPEMLTE Y, BIERY O
BEMFZLYFUTICEOVBRETLIENH L V.2
T, BNNTANORHEEEA O AEHiic X b, BNNTZ
BT BE B 7%, LT EELERIC K D, BNNTEHEI
L% HES BB ERBEI LY

2. FEEMHAIRUY—0D=FR

A THRE T ZERES~10 nmOFEBNNTD
REGHERIRY =L LT, sp3fatkoCHEZ AT
AL ER) 2 —DIFECTHDEE X T2, T DHEH
X, ROEBOTH 5, (1) FKMEDD Bsp3fsatED
FHEE TR 2 —EFRREDIE L, MIZEBNNTIC
BEMEPLTV, (2) THEONHEIME N LHEHIS N
5BNNT&CH/n A OKFERGE) T2 R~ —
BNNTEFEALRTW, Q) IFEAA Y ERY>—IL, B
WAL HAGbETHERSINS O, WERIICI L
UHBBRENT, BIAERY L0 H/NSOBNNTNER
CIE LT 0,

B, B2ioR G2 HE T 5 BEiRmaE42, 3,
6L DKIEFED S5 B, B EH—DFIRTLFILT—F
WTHBHEWT N a—AEE VR LBRMICAL,
1, AR CHER L7z 7L n —R (EC) IR L 7-.

= sp3 binding

Substituted glucose structure [ Nonionic functional group

RN
R=C2Hs, H Alkyl ether

IFLELO-LOSFHE
m Molecular structure of Ethyl cellulose (EC)

3. RBRTE

3.1 BNNTER¥DEME(LZTOEX

BNNTA B O FEME/L7T 72 A2 R3I1C X D FiH
T2, REEEARY > — L EIRIEDOIRARZ R
%, KaZBRELZBNNTABYZBAL, BH A€
VFAYF =X O LR Z L 720 Z D&, T EIR %
WIE L, T—70 by T ELE LI & D EL S
BEALERZ 1 U 720 i P2\, LB 2R A S Eh XS 1T,
EBABOAZEOH L,

ZOFYU7IVEER Vol.38(2023)

Mixing of as-synthesized BNNT products into the
mixture of surfactant and solvent
(BNNT products: 1 mg, solvent: 20 ml, surfactant: 0.1 - 10 mg)

Ultrasonic dispersion by homogenizer
(10 W, 20 kHz, Amplitude: 60 pm, 20 - 80 min)
Centrifugation
(20k-36,5kx g, 1-3h)
[ Separation of supernatant liquid and residue ]
i’ L 0 0 0
,f\ \% O “CHs $
=)L
c D i '\l\\l'\ W ‘]‘ -y
HaC. Surfactant ] : BNNT.products S
_ — olvent
=1 = :\'#—| ﬁ Colloidal dispersion
{ .~‘,m [ =g
) / L_J{?":| { \| £ 7 ¢ Sufactant
——— ! { <~ BNNT
‘ ‘ia ” I ¢ & d

Sonication m@gg Lion Sumtant separation

BNNT &BMOSHEL 7Ot R
m Purification process of as-synthesized BNNT products.

3.2 SfLE{LALIERTEDBNNT SR DT
E A EAL LR OBNNTE R B L 0EFET

ZRIERMOWES LOFEEELZERE 7 HME
(SEM: Scanning Electron Microscopy), i&i& %
P (TEM: Transmission Electron Microscopy)
WX DAL 720 £ 72, THORICE R T 2KRTELN
SEEEAREZAER R ERDITEE (TG-DTA:
Thermogravimetry-Differential Thermal Analysis)
&b, FHEREEE 15°C/min, &SR 1,000°C (FREF
L) DERMITTHRE U 7o X 72, 27 B D 2GRN
REWNNEFHC L OHEIEL 72,

4. RBREEE

4.1 SHMEACRETRENEERRISY—(=ITF
WEILO—Z(EQ))RMEDFE

AR B 1T 2 BNNTZ HOR O Y IR o S
TEHEA(EC) N BREE 2 RAIR .72 8, BNNTS
BRI MNE 131 mg, BnOHEBEF & 1320 mlo—
EE LT R4 (a) & 0 AR F 1%, ECHR & Ik
FES, A =274~279 nmTH B LD DD B, 2D
EEOXT TNV ¥—I3, hv=4.44~5.02 eVTHD,
BNNTD/N Y F¥ % v 7 OB E{E (~5.5 eV) ¥ (ZHHY
T 2. AR EDECHR MR FEE:%2E4 (b) IC” T
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Purification Technology for Boron Nitride Nanotube

ECIIMEIEM & & B 12, SRR T BB R (38
L, ECHRIMEAH1~5 mgfRE T3 2% R L7z
F 72, ECRMEZ 2 2 TlEE 78S L L5
PR 72 57 BOR D B AR ICE FNDEEYEB LU0
HOSEMEZES5ICR T, ECIHFMEICK ST, B4
RIZEFNEZWEDIZFEAEIZBNNTTH D, B4AICE
FBRBRIUIBNNTICL 2D DTHEEEZ LN D,
B5(a) EC/#MEO0.1 mg T, HEITIZZ ]ROBNNT
WEEL, EBABRPOBNNTIIARELEE LN S,
KI5(b) ECAMEO0.8 mgTiX, EBARICEEZNS
BNNT&IIIEML 7223, B5 (c) ECIFMET mgd L&

ABIZEENSEBNNTL D H KL, BHEADBNNTHN
YEMELTWw3EEZ N B, ECIHFME0.8 mgTik
BNNT 74 B S & % 720 IC R 457 Ch B L EZ b
N5 B EDREE LD, FEEHEA (EC) 0l ER i
i3, 1~5 mg (BNNTARY 1 mgiv) LHEE SN2,

4.2 SMELICKFIBE R HEFEDOE
ECOWMNE % R fii T R 7z REH AN D 1.7 mg
(BNNT 1 mg¥%b) &L, S kIFTEE
PALPR IR O B2 M3 L 72, EC (25 mg), BnOH
(20 ml), BNNT& A (15 mg) 2> 57 2R A D

(@ )
0.9} SO 3
- If/h"‘\‘:\?\(m mg 209 . e
N 5 i
0.8 /' 1mg \ §os
i /0.8 mg \\ g )
—= 07F / < 3\ Zo7{ 4
3 / / \ £ L.
S 0.6 i AN £ os
8 |IIII \ t ;
g osr | MWN \\ sl
Qo 0.4 0.1mg \ AN Amount of surfactant (EC) (mg)
o Tl 5 s
(7] | S
< 03F | R
| L
0.2} —————
0.1F | /Ultraviolet rays
] P
0 1 1 1 1 1 1 1 1 1
260 270 280 290 300 310 320 330 340 350 360

Wave length (nm)

BIMBICH 1T 3 B3 REVEMHIRD BNNT HEED () KRNBOREEFES LU (b) BARNEOREE AN KA

The dependence of wave length on the absorption amount of ultraviolet rays in BNNT products dispersion liquid containing the
different amount of surfactant (EC) (a) and the dependence of the amount of the surfactant on the maximum absorption amount
of ultraviolet rays (b).

et W

Residue

» . i i 7 ol 3 M +
RESENH (EC) FMBELX TRERAHS L RO BILE L 75 8080 LBHRS K UEBEOFEND SEM (& (ECFINE:0.1,
0.8, 1 mg, BnOH RIE : 20 ml, BNNT SEHRIMNE : 15 mg, @FRFMH 1 TOW X 20 min, ZOBESRM : 30k x g, 3h)
(a) 0.1 mg EC M ERD LiEHREEY, (b) 0.8 mg ECHRMAERD LBEHREEY, () 1 mg ECHRMABIRD LEHR
28%, (d) 0.1 mg ECFMAERDOEE, (e) 0.8 mg ECHMABBRDEE, () 1 mg ECHFMABRDOBRE
SEM images of the substances in supernatant liquid and residue of mixture liquid consisting of EC (0.1, 0.8, 1 mg), BnOH (20 ml)
and BNNT products (15 mg) after ultrasonic dispersion treatment (10 W x 20 min) and centrifugation (30k % g, 3 h) (a) Contents
of supernatant liquid in dispersion with 0.1 mg EC, (b) Contents of supernatant liquid in dispersion with 0.8 mg EC, (c) Contents of
supernatant liquid in dispersion with 1 mg EC, (d) Residue of supernatant liquid in dispersion with 0.1 mg EC, (e) Residue of
supernatant liquid in dispersion with 0.8 mg EC, (f) Residue of supernatant liquid in dispersion with 1 mg EC

ZOFYU7ILEIR Vol.38(2023) [l
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Bk (HI10 W) ALBRIRE R & 43 B - Do 4 Bl D b
BAWICEHRTHABNNTEEORRA2HFHAEL 2. K6
IR T &SI, Bl R & R O LB R A 13 1F
LAERDONT, WHEKFE20 minTHIZEA EDHI
LRI EER R I N TV, —7, WHERI60 min
TIEIBNNTHHEL 22 0, LEFFRIS0 min TIZBNNT®D
Fa—TEEPENTHBREZE LT\,

¥ 7z, BIACIR AR D 78 330077 B D FRIE O SEMA
Z R 728§ MBEERI40 minA T, AN A RELT
VRBTEDODN R FEAFONTREFTEOHE
R ORIEBRM D% EENTE Y, BNNTLRIZ R H
EFLDEEINTO D Z LD D5, — 7, B HL
HEFR2360 minbl Eic7 5 &, HOBNNTOEH &Y
BT 2HAAED SN ZNHDFER LD, BNNT

EC (25mg), BnOH (20 ml), BNNT &H#1 (15 mg)

NERZESROEEFRK (HA 10 W) LIBRFRE & 28 -
EDODEERO BNNT OFZEEDEIR (a) 20 4 (b) 40 43 (c)
60 %3 (d) 80 %
The relationship between morphology of BNNT and
ultrasonic dispersion treatment (10 W) duration in mixture
liquid of EC (25 mg), BnOH (20 ml) and as-synthesized
BNNT products (15 mg) after centrifugation (a) 20 min,
(b) 40 min, (c) 60 min, and (d) 80 min

EC (25 mg), BnOH (20 ml), BNNT &5 (15 mg) h54%

DYWL 1L D72 b, 8 H AR ] 2 20 B /MR 129
LRENDHY, 20~40 minFBEHFEIEEEZ 5N,

4.3 BHELICKRIZFTEOIERGDEE

05T SRR R L ALPRI ) & Tl o B3
ARG T RIERYROBGREZRHE L 2. B2 5
O E 0TI NT: EBARICER T 5BNNTH
B DSEMB % R8I T o IR E LI, BT
FTEARAMEMTYRECEODN AT ERFOHY A
ABLUOEFRMETL, EON30kxgDFEMAFICE
T ZOVARXBLOEERP RN 0T, — 77, &
DH36.5kXgDFEMEICBTL, A7 7—LVED
WiNEs LBNNTOHEAMEA R D bz, TS D
BED,EmDLE30kx g HEIEEE Z N5,

EC(25 mg), BnOH(20 ml), BNNT &R#1(15 mg) H
S5IEDEARDBER(HA 10 W) 98- E DD RERDZE
E®D SEM £ (a) 20 43 (b) 40 43 (c) 60 4 (d) 80 4
AWl The relationship between ultrasonic dispersion
treatment duration at 10 W and the morphology of
BNNT in the residue of mixture liquid of EC (25 mg),
BnOH (20 ml) and as-synthesized BNNT products (15 mg)
after centrifugation (a) 20 min, (b) 40 min, (c) 60 min,
and (d) 80 min

EAROEODHLECHFZEON & EEHMRICETY DEIERYE

DR CROBMIERR 1 3h, BERMERELE 1 T0W x 20 min) () R (b) 10k x g () 20k x g (d)30k x g (e)36.5k x g
The relationship between centrifugal force and the amount of byproducts in supernatant liquid of mixture liquid of EC (25 mg),
BnOH (20 ml) and BNNT products (15 mg). (Centrifugation duration: 3 h, Ultrasonic conditions: 10 W X 20 min) (a) raw

materials, (b) 10k X g, (c) 20k x g, (d) 30k X g, (e) 36.5k X g
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RIZ, —EE DS (30kxg) T T, #ie s AL
7% D FEARE L OERIEICHEIE ST 2BNNTA R O
SEM&ZRIITR§, RIGHME T 213 L, LiEAHEH
WCERETS7 7LV ERRAL, REICETN 5 H
EHAIARY < — (77— L SBNNTZ2FRICHEL
TV ERYE) 2L, 3 hMLBisg, LEAsEHIc
BFETZ77—LVIRIEEAEHERLT CNHDRER
&0, @ IE 7R DT EES AR, @D T30k x g, LB
M:3h&FEZoN 2,

4.4 SHE{LBNNT QMR SF

kLB ESFFECOBEL 2 ESME{BNNT
(p-BNNT) & BNNTHEA (r-BNNT) © 7 —V T
M43 6 EEE (FT-IR: Fourier Transform Infrared
Spectroscopy) IZ & BN ART FLZBRT10ICR T,
p-BNNTIZ B\ T, B-NE A DH#E— F(TO) ¥
EBNNTOB-N-BE A EEE—F(R) 'O iczhfh
ERT 2HEETHS1,366 cm'E811 cm Uk
RE—IDBRDONE,—T7, BNNTERY BT
HbINOLDOERMEICE—ARDONEH, E—7
DOIIR, BE, IR Re 2, %7, BNNTABRYICB W
Ti%, 1,600 cm ' 51,200 cm Uz T e — Rz
E— 2P BEEIN5, 21, BNNTOB-NEE& D
B LU oA T — Fhko Y — 2 LRIE R
YOh-BNHEDOE =217 PBA—nN=F9 7 LT3
TeHEEZEZONB,p-BNNTIZE 2K E— 2734

—
& 100 nm

BT, E— 2 @835, NI E V. £ 72,
r-BNNTD803 cm Uz 8135 E— 7 HiEAp-BNNTT
13811 cm '~ 7 FLTWwW3, Zhidiif, Harrison &
WRE L TWBFT-IRICE Z2BNNTIZEE T 5h-BND
E B AT 2 B 3 2B RICEBIL 0 519 B o1,
RETOE—FIZHKTS780 cm'&1,327 cm U BT
pE— 7 EHAh-BNOSEERICHHTLIEEZRL
T3,

r-BNNT

5 | h-BN ~ '/

p-BNNT

o~

Transmittance (a.u.)

2,000 1,500 1,000 500

Wavenumber (cm™)

BHETL BNNT (p-BNNT) & BNNT &5 (-BNNT)
KU h-BN D FT-IR AR ML
FT-IR spectra of purified BNNT (p-BNNT), as-synthesized
BNNT products and h-BN.

4.5 SHELICKIFTREEEFIRYT-EDHE

B2 TR FEE AR Y~ —BIRDEZ %2
WEES 2729, @l AL ICRE T 2814 R
DEFRB LY, BNNTOMUILEHEIC K 9 FLHiE %
HI AR Y~ — T OB AT T o sp3iE &tk o S E
AR <=—3%(EC: =F &)l ua—X,PVB: RYE

EC (25 mg), BnOH (20 ml), BNNT &R# (15 mg) #5453 BAROELHHLEICH I 5 LEHRS SUBEOEEYD
SEM & (DA 1 30k x g BEEAEEM 10 W x 20 min) () 1 h EOHBEHERO LEHREEY, (b)2 hBOHH%
HERO LEHREEY, (O 3 hEOHBERHREO EEHREEY, (d)1 h BOAWENEROBE, (o)2 h EOSHMBNE

ROEE, () 3 hEODERIBRDZRE

SEM images of the substances in supernatant liquid and residue in mixture liquid consisting of EC (25 mg), BnOH (20 ml) and
BNNT products (15 mg) after centrifugation at different duration (1, 2, 3 h) at 30k X g. (Ultrasonic dispersion treatment condition:
10 W x 20 min). (a) contents of supernatant liquid in dispersion centrifugated for 1 h, (b) contents of supernatant liquid in
dispersion centrifugated for 2 h, (c) contents of supernatant liquid in dispersion centrifugated for 3 h, (d) residues of supernatant
liquid in dispersion centrifugated for 1 h, (e) residues of supernatant liquid in dispersion centrifugated for 2 h, (f) residues of

supernatant liquid in dispersion centrifugated for 3 h
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ZIVTIF =), CMC: AILERFIAF)N L)L T —2R)
B I Ssp2f & REEERRY v —TH 2PmPV:
FV[m-7z=LvyE=Lr-co-(2,5-YVF 27 +*
Y-p-7xz=LYE=ZLV)] L, BNNTERYB LU
B O 72 2 IREIE R 2 B E B8, LT HEL 7252
DEBARRICEET 277 —LryBXONARELS
DROER DO R LEIERYEEZTEMBIC X 0 E
U7/ R2BENICR .48, BEE LT ECB &
UOPVBOHEIX, RV YL 7)ba—)L (BnOH), CMC
DEAIFMK (Ho0), PmMPVOEAICIE, Zaa L L
(CHCl3) 2=,

CMCit H I D Bl 42 BRI &8 B, At o FL IS A
AR AR TEBRICE S, RIS, REWT7 7 —LuB
% BDONTz AV ECMCOEBEIZH,0TH Y, &
EWEZ DRI E Nz 2 2V INER DBk M: 22 [
WCHEEINDE ZLICKVIBRT 5, I vNT A XDYE
TRARIGERET 270, IR REVWEEYHEMRSH
TLEIDREVWAHRENMFTRBECHEDNIK
DENTORGEN L ko7 LRI D,

—7, EC, PVB, PmPVIZIEA A ThH 0, GH%A
BAFHT 579, BNNTREZIZ I IVIZERINT,
BNNT& @A R~ DR TE A OB B, BLUOZ
NODOAELEIC RN E U B 720, BNNT & B4 5L
WEz+aamlik- g I 5, £7, EC, PVB,
PmPV#EARICB 2RI A ERERZIMIERT 5L,
PVBE A2 R b A7 <, ECB X U'PmPVi#EH KX (3
FFRIETH -7 (PVB<EC = PmPV),

RIS, SEAHEEAZERAL 256 0BE KT
B, DT B O BB ATRICTECT 2BNNTE &%
(DRKORDIZIREICEH T ZKTEB LR
PEAIE L, BIEOHMERIHT (TGA) I X W HlESI Nz,
2)R&LORD7 EEARPICTET 2BNNTOE[IYL
RER2R T, 28, BNNTAEY & TN SBNNT
A %2 B3E T (TEKNAKL) ARMED50 wt% s L7z,

AT BNNTE & = BNNTA R & - A & D
X 11- (LB + REEtAlEE) |

BNNTIIPE = |- A HBNNTE &
+ (BNNTEHMER X 0.5 X 100

(2)

&/21 b, ECH X O'PVBi# H I 13 fth o ST & 14 7158
FARE L 0 B EINERE N LD DD 5, PmPVidsp2iE
EMOFEHEAET B0, sp3faEoFE#HEET S
ECPVBIZHARTHIETH 579, kD E M F 7 FE
F) Fa—TICBEFEHL, BNNTOGHA AR5 T
bol-LHfEFEIN 5,

ABEOREELAEEAL, BEEME HOHEL
BROLEHARICHET D BNNT OEUNELLER

Response rate of BNNT in supernatant liquid of mixture
liquid consisting of 4 different types of surfactant (25 mg),
solvent (20 ml) and BNNT products (15 mg) after
ultrasonic dispersion treatment (10 W x 20 min) and
centrifugation (30k x g, 3 h).

Surfactant EC PVB PmPV CMC

Response rate of BNNT (%) 53.1 49.0 36.9 26.7

b" T e A : N e i 100 m

AEEOREELHE BNNT SRMS LUBEN 553 RABREBZT R, FON RO LEHRHROSENO TEM & (a) EC
(b) €MC (c) PVB (d) PmPV

TEM images of the substances in supernatant liquid of mixture liquid consisting of 4 different types of surfactant (25 mg),
solvent (20 ml) and BNNT products (15 mg) after ultrasonic dispersion treatment (10 W x 20 min) and centrifugation (30k x g,
3h) (a) EC, (b) CMC, (c) PVB, (d) PmPV
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5. #&

BNNTEMEA 7" 1 & AL %2 BN, BIAEBRY) Ok
TR K925 wt%, Ehh T RS K125 wit%d
B)ZIFZEAEEELREVWBNNTZEHINETHOND
RIS HERIEE 2 OWINES L 8- oSt %
AL, LT ofREE
(Dsp3fEatEoCHERET2IEAA v R v —%
WH L7254, sp3falkOCHE A B T2 44
R v —Psp2fE A O CHEZE T 2IEA A
MR 2 AR AR, BIEBRY TH 28 R E
(RE I =RC oY (Wb e VA e VAW B E-4
UHROBEREIZLALEER LR WBNNT(TEMEL
EZHE L UOFT-IRARZ FVIZ X D ER) 250% 5 F
DIANEACENE

(2) RHEIEEH (=)L —Z: EC) BN &
EBIT, B TR O BB ARICEE T ABNNT
O BB S BN L, ECHRINE T ~ 5 mgfRfE
TR ECIAIMNEO.8 mglA T TIEBNNTD NV R
WAL Tz 72 8, 38 1E 7o S I M A VR i 2
WEBNNTABY 1 mgXb1~5 mg #E5E,

(3)HHF W10 WIZBWT, Bl Rk RN
R IZIZ E A ERD 5N T, 20 minf D8
T & 0I1F & A E DRI % 57 Bk 25 7]
Be. MR 60 minbl_ETl, BNNT D /ML
WS ERD O N T2 72D, W IE 7248 35 I 4 B g ik 13,
H7:10 W, ALFRIERT : 20~40 min & #E5E,

(4)ZDIIEREL DT, EEARICEFET AN TME
b EBCELONZFIERTFOFA B LY
GHEEMETL, BLH30kXgDEMAIZBNT, 2
DY AXBLUEERPR/IME 72, —EZE DT
(30kxg) F0id, BIFHEMLET 53 & LAWK
DA HEEYEECEDN KT R T
WL, 3 hBE, FLAEHRLELIEDS, WIE
7RI oy BESR R X, 0 17130k x g, ALEERER ;3 h
LHEE,

6. &

AR IR R e KRB Ry FAOEZE
Bt E LM L EMAE Ry AT & 0L FENFZER
RO—HZE2HEDT=HDTH . KR ZHITEN 72
BAfRE I EER R T %,
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BET— 7V OEEREZHRD STV I = MY D 2 B8, ERBIE R O
ATy 72 MAZZZERZHNE LT, WM SR E 7))L =7 4 (Al-Co-Zr)
BT 72, BB — 7)VERIG R % MBS L 72 5 % 1048 il
AL 72 L RE L2 E Z I, FIERE CRIEL 2 L SIS 10%E T ¥ 51
2 T EGRE L HUE L7 2R EA73 KA L2 TE BAl-Zr&ES&%2 R—A
IZU, Coz L #hid, S L il ez mitmTIic kv o#d 2 2 & °ff
CEFEREE DM _L2MERR U 72 i BV % §Fifi L, 533 K& Pl L 7z, Al-Co-
ZraEMD I O 55 RBIS DM L2 IS, mHIREZHEL 5720, G- 2
GG 2T o7 CNIZED, TV IZY LAEEhADZIEAR OB K Z EEE,
[CPFNT NI D SWEGR L 720 F 72, BIEAHBRBGAL & Zr[EVA IR & R EL
B X 0 Zedr b2 K, BIRE S, o EE2 L 72,

We have developed a heat-resistant high-strength aluminum alloy (Al-Co-Zr)
wire in order to suppress the increase in the wire cross-sectional area when the
conductor is switched from copper to aluminum. The temperature calculated
from the Arrhenius plot from the time when the hardness of the wire decreases by
10% (10 years) is defined as the heat-resistance temperature, assuming that the wire
in the compressive connection of the conductor terminal is used continuously for
10 years. It was found that the elongation and tensile strength were improved by
using an Al-Zr alloy with a heat-resistance temperature of 473 K or higher, adding
Co, casting, and dispersing the fine crystallized compounds by wire drawing.
The final heat-resistance temperature was predicted to be 533 K. In order to
further improve the tensile strength of the Al-Co-Zr alloy wire, high-temperature
casting was performed, followed by rapid cooling. The results indicated that
the conductivity of the aluminum alloy increased due to the formation of a Zr
solid solution. Both the tensile strength and the elongation were improved by
strengthening the Zr precipitation by refining the cast structure, increasing the

amount of Zr solid solution, and the use of an aging heat treatment.
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Heat-resistant High-strength Aluminum Alloy Conductor

1. 8

TLUVIZVLAZEEOSER(TLIZVLAEK:
2.6984x 107 g/mm?’, $A#E:8.93%10° g/mm?),
BRIEFIRES AR (TILI =T L:2.67x108° Q
m, §#1:1.69x10° Qm), #Hi£16 kmE TOILELE
2RI 7T — 7 TIEI3FHICE WILE (HRERES)
TEflizs @B TH Y ¥ T I =y AEH VTG
X, HBIEHA 7 A Y — =2 ZARAFELRRD OIEES
DO BB D 72 0 g - B A 7 — 7V~ D@ A
JRDoTn3Y D 3L F —FRIFIH DRI
& BEAERRIIRICIIRER XY b DH B,

—H, TVIZLHEII R —F VA Mo RGHT 3
BUCIERICE K DBRANDETH Y, HAREN TIE
SNTEBOLTHALTWSY A DEAICHED, 7]
PR (R E /EREER) X, TVI=Z T L3212
£, D A0FEL SO T B SR DR T (B
fEa At BA), BRERES D i LA LTED,
SARfE: 1,153 ¥/kg(20214E10HFH), 7L I Hhé:
filif%:350¥ /kg(20214E10H) TH %, 5%, BEM
FHIBEM BT OBBMHEHE 2o T EEZOND,Z
SLEHhT, BEADPRD SN ZEBEBMEHCBWTT
NIZULIEEPTELXRTI/3EETH N, &
BHEI60%IACS (%IACS:International Annealed
Copper Standard, &8 L 728k 1D\ C20°Clc B 1

2 EXIBEHEN0.017241 pOmMTH B L E2FEH#L L
T100%IACSET2)THOHLFEUERETT 7201
HTEE ML, K725, 2078, RERZHLT
HHEER WX S ICEEROMERE 2L, £28HK
W2 TE 5N T5bI5RESE2REIL
T HBREREZARELT BTN IV LAEROMFKEE
fTH2&icl7,

BUDIZTNIZTLEERDORY F2— 7 DFER
TV, BIRBE, o, BERLZFMML, MEAREZ P
HIL7zo Ry F=— 27 DFERP OMBMEICENTZTIL I
ZULEELELT, REREHADAL-0.4 masshZri
& (HEATMET IV I =7 LW fad; DIRAL-0.4Zrada L #£

Aluminum conductor
(Cross-sectional area: 250 mm?)

Copper conductor
(Cross-sectional area: 150 mm?)

Replacement by
aluminum conductor

B HEMTE A X —
m Cross-sectional image of product

i) 2EY, Al-ZbAPE L LTHOW 6=
TLHRELT, PV I LAHITHRML 72 & & OEERE
THANSCEBEEICEHL, P EEo%
ENRRDSNT-Coz L 72 Al-Co-Zr=m&a&Ico0n
THRET U 7z A XC’CCi Al-Co-Zr&& % #hiEtk, wmi
BoEEIT WV, EOKHIHEMTIC X 0 M2 R, Kzh
?‘sm@%fﬁﬁb ICBIT2ERBE, M, BEELHF
filiL, #REREME I B3 Al-Co-Zra&shEiRE, #hd
BOMEZOWTRET 2,

2. NYFI—VERFRM

21 PV EZZOLREREETIVEZVLAEERD
RNVFN—7

M7V I= L, BETVI =D LEERIEDLI SN
DRETH 20 %FARD 120, r —TIVHERYI A X TH
% $0.45 mmDEARRHE (—H 0.25 mm) FAE & i EL
TREE M (—# ¢ 1.01 mm) ZiTo 7 BFETIL I =T A
EEHRO BRI, S8 S 7L I = AR b
Z7-B%, BNSR T &5 ICEBEWEE D2 A X7y 7§
M, 1A X7y P Z 272D IEERP55%IACS
DIE, 53R EA3170 MPall k, THEWREA473 KB
WTENUE, BAMHEEY A X7y 7250 mmAZill Z
BIENTEDF T, HUZ10%LA EE L7z fiiidM ic
&, M7V I =L E LTIV I LHE. 7% o
A1070, L BEFRF A4 Th 5 Al-0.6 mass%Fe-0.02
mass%Zréd, BRREMRHDAL-0.4ZrEaE2 A0
Tz o SR DRI OM LEA30% L REL - & &,
¢0.45 mm#»* 5 ¢0.375 mmfiFRIn I (30% 0 L)
72013 1.2 mmA»S¢1.01 mmEFRn T (29.2%00
TE) LY vz, FrEiik, piE R causL,
By h—AWEZRELT, IO 10FERTI0%E T
THERIREEZHEL, ZOREERMEVRE L Lz,

BRI BN D W TR 21T - 72 G R 2RISR LAl
0A4Zr&&8372 I D HENREA73 KM ETH b, HfERHET
\&, BERII IOV IV CHIEER R L TO 5753, 5l
IRIEE, fONIBEEEICEREL QW EHMERTE T2,

Aluminum alloy conductor
(Cross-sectional area: 200 mm?)

High heat-resistance
temperature

High conductivity
High strength
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NYFY—0 E RIS
IEL Rl Benchmark and developed aluminum alloy characteristics

Characteristics | Heat-resistance |Tensile strength | Elongation |Conductivity
Sample Temperature (K) (MPa) (%) (%IACS)
Target =473 =170 =10 =55
A1070 365 ** 120 * 8* 63*
Al-0.6Fe-0.02Zr 396 ** 146 * 8* 60*
Al-0.4Zr 565 155 8 59
Al-0.6C0-0.4Zr 533 194 12 58

*: ¢ 0.25 mmdata, **: ¢ 1.01 mm data

2.2 JTTRANINVIHEARES

—J7, TV IZ T LICTOREZRML 728, BER DK
THNSOILHELELTERSE THLCoZEY, 7V
SZULHEMLU RS b7 o . FeZmML 72
Ba LB LT, EEROETIZIAS, jIRES, Y
FERESEM ETholzo T, TNSIZZIHFMICED
FlERIE S A3 LU, ZrBEAE WAL 0 5IRE S A
METEIEHHER L LL, TAIZTLA&EFD
ZrREEZES L THZ R L e->TL £ 5 L5EMR
SWCHEG LW, ZIBHM L2 L5 7=
I LEEHICZrE EYR S E, BVLBIC T Zr 2 BRI H
SELMHEDDH D,

Z D7 DB E 2 R L 72 Al-0.4Zr & &5 % R —
ZZHRES LM ER EESE3ZE2HMIKC, OCo
AN & 2O H B, @0 T - BVineic k 2Rk E,
QZrEFERKIC K 2 ZriTHis b 0BG 2 EfE L 72

3. REFE
3.1 SFERER

2.2 DOCOFMIC & AU |, @I L - B &
2R E2FANRS 720, SR ERIE, v I=
7 LA1070 (702 =7 LffEE99.7% LA E) D 9.5 mm
JA¥ny REh =Ry 520FICAN, 7IL3 v FERHA S
TEARIBREIT 572 RE1,073 KICEBREL 7212,
Al-0.6 mass%Co-0.4 mass%Zr&4: (LA Al-0.6Co-
0.4Zr&& L £50), Al-0.4Zr&&DKIC R 5 X5 T,
Co, Zrex ZNZ N5 masshE LTIV I =T LRHAEEETR
TMUVARRL 72 S8R EEEML L 7218, KBV v 7 v R 2
72AH%50 mm, H£E30 mm, £ &350 mmoF:EI5sH
BIRICIE G2 LS, Bz iTo . /BoONHEM DT
120 mmDESr ORI % NS BRI L D EE
RKME, LEIYEFPEME (SEM: Scanning Electron
Microscope) ([ & O fHIRBIZE, TTR DM ZITV, REK
LA 77 X< (ICP: Inductively Coupled Plasma)
FHTHIWIC L O ITRIBEIN 21T > 7. 7R 0 DFfiE
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I, Bl HEBOEM TICE Y $9.2 mmE TMILLZ
%, WEHHIC TH0.45 mmITIN L USRI & U7 it
P % AR TR BB 2 i U, 4% 7512 & 0 KL
HIRE, 5IaRHEEIC L O 5IRIRS, UZHIEL 72,

3.2 2R ERR

228 DR ZrEVA BRI & BZeiriiiE b E N2 2
EZHIIC, Al-0.6C0-0.4Zr & 48580 Dy HIHE %
HHI 2720, #ERE:1,073 K, #3E%: 15 mm,
¢$20 mm, ¢25 mm, ¢30 mmEEHI P ER I BE N
ZvbEHEMOREL{LE T —sah — I THE
U720 3. 16 & FRRICHEAM 2 ERL, $0.45 mm®D
573 KWERIM DR % 57l L 72

3.3 EimEhERER

2.2ffiOZrEVARK RIC X 2 Zrir it 2§~ %
ZEZHMIZ, RIZAL-0.6Co-0.4Zr &4 DGR 1T
BIIREZRNS729, ¢ 30 mmEFiEic THIGRE %
ZALS B THREZAT o 7o BHERE : 930 mm, S :
1,023 K, 1,073 K, 1,123 KD #i&z1T\, 3. 1 & [FRk
IZEFIEM 25 $0.45mm i 2 EH L, ¢ 0.45 mm
D573 KIRRh4 DR % FHE L 720

3.4 SR -RRHERER

2.2ffi O@ZrEVARIERIC L A Zrir s 2 TS 2
L Z2HIMIZ, Al-0.6Co-0.4ZrEEHDZre T&E 57217 [
BIE 270, @i AWHE 21T > 72, 3. 28 [k IC, #
ERE:1,123 K, #5E8: 15 mm, ¢30 mmoO#HiE
MOMMEELZRIE L, WEHEEZRD 255N 728
MO T 520 mmiEr%SEM, 17 v —7<A 71
77+ 744 (EPMA:Electron Probe Micro Analyzer)
I K0 AHELZE, LR IE 21TV, ICPFLI LT
W& O ITLRIBE T 21T o 72 3. 18 & AR I3 2
ERIL, ¢0.45 mm®D 623 KRR o Rith: % 5P L,
%A WM (TEM: Transmission Electron
Microscope) (2 & W {LEWIBIEE, i EiT o720

4. REBHERCER

4.1 SFERBRER

1,073 K, ¢30 mm THi&%17->72Al-0.6Co-0.4Zr
B EAl-0.4ZrEE D LA R 2 TR21C7 T, Fe, Sild
TNy LHIZEENEAMYITETH 5,30 mm
BiEM OREWIH O SEMBIZERE R 2217 T Al-
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0.4Zr& 43, RIRDAl-Felt &Y% AR LT 5 23, 1,073 K, ¢ 30 mmigtf 2 [Bls i RsgoEm Tic &
Al-0.6Co-0.4Zr &3, MHEIR DAl-Co-Feft &Y% D, $9.2 mmE THLL %, FiE, SRHEERIL,

ERLTED,Al-0.4Zr5& X0 bR WHIFE LAY Eyh—ABERE 2T o R 2RB3ICRTY &R
MEBR LT\, 72, BIRDAL-Felbt &I HFAEL T
WD o T2 2L, IRIML72CoM 7L I =7 L EFedD

FIVE=D LAROILEER
B [ WA Chemical composition of aluminum alloys

ILEMER>THRBLEDDEEZEZONZ T DY Alloy Composition (mass%)

N \ A NN 3 Co Zr Fe Si Al
YIND OB AL AV S N o 7eo Zid TV 3 Al-0.6C0-0.4Zr| 0.63 0.34 013 0.035 Bal.
ZYLAEETICEREL WA EEZ SN, Al-0.4Zr <0.001 | 0.38 0.14 0.038 Bal.

2 2pum

BEEN 7)) == L &2 85EH OREETE SEM £ (a) Al-0.6Co-0.4Zr alloy (b) Al-0.4Zralloy (c) (a) #ARI (d) (b) #EAR

Cross-sectional SEM images of as-cast aluminum alloys (a) Al-0.6Co-0.4Zr, (b) Al-0.4Zr, (c) enlarged view of box in (a), (d) enlarged
view of box in (b)

(a) Al-0.6%Co0-0.4%2Zr (b) Al-0.4%Zr
70 70
= 65 = 65 [
I 60 [ N I 60 [
@ 55 [ 9 55 | L BN
g 50 @Y ' @ ‘ = é 50 | < =
S 45 | A Es73k S 45l Es73k
2ol A A A ST ] | ! A
2 35 | ¥ 623K £ 35 | A ¥ 623K
gor Aorax| 297 Ac73K
> 25 > 25 3
20 1 Lol 1 1111l 1 11l 111 a1 20 1 I NN 11l 1 111l 111 a1
1 10 100 1,000 0 1 10 100 1,000
Aging time (ks) Aging time (ks)
RER 7V U AESHEMOBERELY Y 1—XEE (¢9.2 mm) (a) Al-0.6Co-0.4Zralloy (b) Al-0.4Zr alloy
Vickers hardness of cross section of Aluminum alloys (¢ 9.2 mm) (a) Al-0.6Co-0.4Zr, (b) Al-0.4Zr
(a) (b)
260 260
2501 A O AI-0.6Co0-0.4Zr 250 A O AI-0.6C0-0.4Zr
& ao © A A-0.4zr T o © A A-0.4zr
< 220} < 220f
< 210 < 210
ERHE R
© 190 =) r
& 180[°A@ O o S 180
£ 1o A o S 470
o 160f AN @Q@ ® 1601
2 q50f A A 2 150
§ 130} A 5 130}
= 120F = 120}
110 110 F
100 | | | | o | | | |
5 10 15 20 25 0 5 10 15 20 25
Elongation (%) Elongation (%)

BEIN 7)== 582 ¢ 0.45 mm BHOETE 3RS (2) BMEE : 573 K (b) BMBE : 623 K
m Tensile strength and elongation of ¢ 0.45 mm aluminum alloy wire (a) aging temperature: 573 K, (b) aging temperature: 623 K
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B80T, KRR OMRICHEVE Y A —ZA I D
W EB RSN DAL ZHb &M X B hriHElb e &
ZbN 5,573 K, 623 KT, IS Lo b ELT
WBH, 673 KT, IS XD HET LW Zh
&, 7V =T L EEOEL L ZrL &Y OB KL 128
MRS 22 & TMILEERICEHE S L kol L
Ezohd,

BH N %EG0.45 mmE TEHRIMERL 28, Kzh
573 K, 623 KT & 96K % TN L 723k
BEOBEWRH O & KRB RIS OBIRZRI4ICR T, &
HODRAIREICB W TH, Al-0.6Co-0.4Zr&E D )
WALI-0.4Zr&4 X D HFEEM I 210~20 MPaf2E X
ED>720573 KT, Al-0.6C0-0.4Zr&& DT MH N
FEREWD, 623 KTIE, U HZETH -7z,

4.2 ARHERRER

Al-0.6Co-0.4Zr&€ %= #ERE1,073 K, #HiEfk:
¢30 mm, $25 mm, $20 mm, ¢ 15 mmTHEL
L EOWHAREEZEH L 2 RE2R3ICH T 8ER
BNEL e L, WHIEEILHEL 22 0, $53EM BEWIH O
HERIIET L,

1,073 K, $30 mm#Ei&EM 2525 mm, ¢p20
mm, ¢ 15 mm & /NEALL 728584 2> & 3. 16 & FIkE
A 2 ERLL, ¢ 0.45 mm®D573 Kz D55k
MEDHEMEEZRSICATY SHEREMITE L

BEEN 2z c s amanosEsy
I CRR Characteristics of casting material by casting diameter

Casting temperature (K) 1,073
Casting diameter (mm) 30 25 20 15
Cooling speed (K/s) 8 " 20 23
Conductivity (%IACS) 51.7 50.1 49.9 48.3
260 ® 015
mm
250£ B $20mm
240 A ¢25mm
T 230 1 @ $30mm
S 220 |
S 210 |
o
$ 200 [ ‘
® 190 | g
[0}
Z 180 | ! ’ ‘ <
c
ﬁ) 170 | g
160
150
140 I N N N T R e
0 1 10 100 1,000

Aging time (ks)

Al-0.6C0-0.4Zr &% ¢ 0.45 mm #HD3IRAE (573 K
s%h)

Tensile strength of Al-0.6C0-0.4Zr alloy ¢ 0.45 mm
wire by casting diameter (Aging temperature: 573 K)
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IZ&-T BRI E kA LT 225D, $p20 mm,
¢$ 15 mmEidE i D RFEIREI345.6 ks (96 h) THIERH
EhmEL7%,

U, SR 72 B 2 LT K o T HIEE AN
70, 7V I=Y L GE&PICEIET 2 ZriR B
L, AN X OAL-ZHLEM DB L L2 d &E X
LB,

3 BRFERRER

RIZTNVI = LEEPICEBRT 2 ZrRE O E %
FRB 729, Al-0.6Co-0.4Zr&H 4% $30 mmeEiEic
THEREA2ZNM S THERIT > 7. 4. 28 FIRIC A
HEIRE CERIL 72 0 0.45 mmiEt 0573 KKEh#
DEIRBS OREREROIIR T FHERENE LD
&, GRS A b U 7z B 1,123 Kb, K5
Rff1345.6 ks (96 h) THIRM I 28 B L 7z, 2hig, #%
WIRENEL BB ZEICX->T, IRMZroEmeE, ko
TIVIZTLEEPANEVAET HZORENEML, KZ)
W U7 AL-Zrib &S Em L 7z 7z & E 2 6 b,

260
0 @ 1123K
= @ 1,073K
240 W 1.023K
S 230
= 220 [
s 210 [
2
§ 200 [
® 190 | ®
[0}
= 180 [
2 u 8 ‘
o 170 [ ‘ :
= i ] "l
160 g
150 | u
140 1 IR} 1 i1 111l 1 I} NN
0 1 10 100 1,000

Aging time (ks)

EERECHI B Al-0.6Co-0.4Zr & ¢ 0.45 mm
MDIIREE (¢30 mm $5&, 573 K BFsh)

Tensile strength of ¢ 0.45 mm Al-0.6Co-0.4Zr wire at
casting temperature (Casting diameter: 30 mm, Aging
temperature: 573 K)

4.4 R 2AHERRER
Al-0.6Co-0.4Zr &< DGR IE L $FERICE TS
WHRE 2B U 2R %2 RAITR T HH LA
B O ER IR U 7 R O % 853G IR &
LT, EERBE L7277 DESIEMT 22 ETRD
T BEEIREAE W (1,073 K& 01,123 K) A, B
FrERED M (030 mmE b p15 mm) /7 535 HlH
FEOEL R BTN D,/ DEEDFHEM D
HER, HAEENECHHPEERITLIVETLT
WBZEDTGD B Thbb, il SEEdsILIc
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FOPN I LEEPICZrBEMERLTHS L
EZiohb,

15 © 7 3 38 A4 R W T AR 4 (R A &89 1.3
mm AN DSEME %R 7127 T, 85E iR E MW
E. T Y RFIA M7 —LRRB NS0, ER8ERD

NG, TV R4 b7 —LRRANE L o Tz,
BHEIREAE <, D OoFHEESH D ODOT VT4 T
7—LHERPRG/NEL BTN DI EDS, HH
HENENZETTYFIA FREOEPE L S HE
L, ZRBELZEEZ NS,

JFoNh7z¢15 mm, 1,123 K@ #EWiHoEPMA
TR RERBICR T AR PA LV IEER LT
G amRERES ROBEBZR LGNS

B = asmstos@Ess

BEL) X Characteristics of material produced by high-temperature
casting and rapid cooling

Casting temperature (K) 1,073 1123 AIREM KRNI LRI T, (b) Al mapping, (c)Zr
Casting di 30 15 . . TN

o ion | 0|05 appingn, AMESHCSREZAHEL, () A
Conductivity (%IACS) 517 | 483 | 496 | 47.4 mapping, (d) Co mapping b ALEEE b5 BT I

FIVE = ABRSEEM OMEKE SEM & (a) BiE 30 mm #:s GRE) 1,073 K (b) B 30 mm #i GRE) 1,123 K () ¥if 15 mm
#E (RE) 1,073 K (d) Wi 15 mm & (RE) 1,123 K
S[-lr@ll Cross-sectional SEM images of as-cast aluminum alloys (a) casting diameter: 30 mm, casting temperature: 1,073 K, (b) casting
diameter: 30 mm, casting temperature: 1,123 K, (c) casting diameter: 15 mm, casting temperature: 1,073 K, (d) casting
diameter: 15 mm, casting temperature: 1,123 K

TILI = LAESEEMOERIE EPMA TTRA($ 15 mm, 1,123 K #58) (a) SEM &(b) ALY vV () Zr YwE Y (d) Co
K127
T K: 3l EPMA element maps of cross section of as-cast aluminum alloy (casting diameter: 15 mm, casting temperature: 1,123 K) (a) SEM
image, (b) Al mapping, (c) Zr mapping, and (d) Co mapping
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CODFELTEY, A7V I = LANICZIEE D E Wy
EaRED SN, TIVI = LI ZIDEAELTh S &
ZZ 6N 5,CortHltAl-Co-Feflb&E L TR LG
T IZY LR EFE SN, MIROBICEEL Q.

B oN 7 B#HEM OILEMREZ RS TR T, Z1IRE
%, ¢15 mm, 1,123 K#EEM PR DL, ¢30 mm,
1,073 KHEM AR BIEOERTH D, ThIIRADE
HIHE L OBIREF U Z R LT 5,

$0.45 mmIZE AR LU 7284 % 623 KKzl

BE ~0.6C0-0.42r a2 BB R IRV TOLE R

LEIEYN Chemical composition of Al-0.6Co-0.4Zr alloy for different
casting conditions

Al-0.6Co-0.4Zr alloy Composition (mass %)
casting conditions Co Zr Fe Si Al
$30 mm, 1,073 K 0.63 0.34 0.13 0.035 Bal.
$15 mm, 1,073 K 0.63 0.40 0.17 0.037 Bal.
$30 mm, 1,123 K 0.60 0.37 0.16 0.041 Bal.
$15 mm, 1,123 K 0.64 0.43 0.19 0.039 Bal.

260
250 @ #15mm, 1,123 K
W ¢15mm,1,073K

__ 240 @ $30mm, 1123K
& 230 | /\ $30 mm, 1,073 K
2 220
ES
5 210
g 200 .
B 1s0 | M
% 180 | ¢ B
& 170 | * ¢ *
F n " R 2

160 A A

150 |

140 : :

0 1 10 100 1,000

Aging time (ks)

SR, FEECHIIB AL0.6C0o-04Zr &8 ¢$0.45 mm
M D51RES (623 K BFERp)
Tensile strength of ¢ 0.45 mm Al-0.6Co-0.4Zr wire for

different casting temperatures and diameters (Aging
temperature: 623 K)

Al-Co compound

Drawing direction

L, SR ZE L 7R 2 RICR T $iERD ¢
15 mm®dO A H$30 mmk b HEIERS IEEL, i
21,123 KD AHA31,073 K& h HEERMS EE W2
LGP B BEIEIREE &SGR A T &, BRERD
WAL DEERE S EE SR> Tz, 21, RAD
BHEEORE, RSODZIBEE LR —H LT,
$0.45 mmIZ BRI T U 728444 % 623 KRE)
L, MEWTTE (R 1) OTEM& 2 E101cn 3. LEY
DEPFLTHBETEZ S THROETVREELTED,
FHEM O IR PRI IS X > T, BIEMIEE
NI 72 2 DI FEDOBEEEANICKRES D e E
Z BN 5 MHEIR D Al-Co-Felb &AM T & -
THWiEN, 74 RITDELAWAL(100~500 nm)
THEEL TV, Al-Cob EMDETE L TR W ERTIC
1%, Al-Zrft&% (50~200 nm) BEEL T\ iz, £ 72,
INETIRAI-ZHL A 2 BIE TE T b o i dahL
NZREECHELLLZA, 10 nmEEOREZ DS
CDAI-ZHLEY DEEZ R TE /2, T, & &
BT 2L TRV DI TN I T LEEPIC
EAL, RERIC & 0 S EBINICAL-Zb & T § %
ko MR Efb I Nz EE X b N D,

2.1 & Rk ICAL-0.6 Co-0.4Zr & & K D i Bl £ %
FHEIL 7285 R 2 E11107 9. Al-0.6Co-0.4Zr && D
it B 12533 KE e b HEEfEZ R 95 2 &3 Tl
TE 7z,

FAFEL 727V I =0 L EEMOFIIRIES LB,
HEROBRZR12ICR T 5IE®RS X, 6000F 7))L
IZYULEEMOAET LI LA EERITE B, B
FERITLARER T LI = AR L0 DEBEBROK
TH2%IACSH 2 H DD, & i D Dt Bl B % & <

[AI-Zr compound (within grainsa

TIVE =Y AR BREEM OKIE TEM £ (40.45 mm, 623 KK (a) TEM # (b) K
m TEM images of longitudinal section of aluminum alloy following wire drawing and aging (a) TEM image, (b) enlarged view of box in (a)
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L7 2 & CEABEMEZ200mm*Ic TE 2 HEL 2%
7o & O RBEWAECHIE D R EE L 72 2 E T~ D ABH
FmOBEHPHRFIN S,

1.E+07
— = © AI-0.6C0-0.4Zr ($0.45 mm)
@ 1E+06 % =4E- -
L i 17 V. 455 Tde 7278 o 71.0.6C0-0.42r ($.0.365 mm)
o 1E+05 | o7 /
g /’/3 : | = 0 Al-0.4Zr ($0.45 mm)
L 2 [N
% 1E+04 == 1,,’ A A-0.4Zr (0.365 mm)
it : = n 13.816x

@ 1E+03 | == A y= 1B 1o org
3 y = 5E-20g 72007«
£ 1E+02¢ /,; == o Al-0.6Fe-0.02Zr
— l—— -
< +01L 3 HERY)
£ el o e
8 1.E+00 | ) ra!
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® 1E-01f /* s
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2 102} s
[} /I —
E 1E-03| 4 =
= ———
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1 12141618 2 22242628 3
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AN ALl-0.6C0-0.4Zr BRIEDT7 L =IO 70OY MM K BMHE
BEFH
Heat-resistant temperature prediction by Arrhenius
plot of Al-0.6C0-0.4Zr alloy wire

Developed aluminum alloy
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—
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473 | L
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m Properties of developed aluminum alloy wire
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Development of Crack Prediction Module for Hot Working Process CAE
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Wk, WA RBBEH MO BEB X OGS A DO, iR
BHEOEAL AR % B> T E oo A 2R RIS i O BLE 2B VT, BN
TEEELEE TR TH L. AMETE, BABM LT TRELSIZVRZOVE
DTH MM TENIZOWT, CAEIC K 37 0 ARG OB CHATIcFHAY
A7 % FPHIL, @R EM OB Z R AT,

9, MIGERFABD SR/ OoN IR OO T — ¥ O EEZFHI L, £7-
AR ORI % 5B T AR OB 3 5 2 LI X 0, BN TEln O RE & Rl
L7 Z LT, 2N 0 DM RN 22 BERERRHii 2 & I LT, BEM L7 2 e A D &
BN TEIN Y 22 23l 5, Y E O P HEMiZFFE L 72, 2 ORI,
IEME DR K FEEZZ R L 72 B T EARAEY R &, M TENF L%
DEINE S HED~ 7 v 2S JPRED O, BN DR ) 2 7 % 5§ 2 ¥EEE D2
D2EE,

We are focusing on the aircraft and energy business with the aim of manufacturing
large forging parts for aircraft. Hot forging is an important manufacturing
process for such large parts. However, during hot working, there is a risk of crack
formation. Therefore, we developed a highly efficient computer aided engineering
(CAE) based design method to predict the risk of crack formation in advance.

First, we examined the formation of cracks during hot working, by measuring the
ductility based on the elongation and area reduction of test pieces in small tensile
tests, and observing the fracture surface using scanning electron microscopy. We
then developed a module to evaluate the risk of cracking during hot working.
This module can evaluate the crack initiation risk based on the temperature
dependence of the ductility, and also the crack growth risk associated with the

macroscopic stress near cracks after initiation occurs.

M Key Words : Z\EIIT 7Ot X, CAE, EHREIMIEINTA

H R&D Stage : Research
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1. 8

Wk, Mz REBE T M O BE S L TSI
S AT 579, 201 14 Itk & OERIMEIC LD HA
I7R74—VKRASH*EBLL, BN THOTER
350 bR D REIGEE 7L A DEHEEEBR LT, £ 72,
REMEY > 7 EE DO TREILRICNIGS 5728, 840 F
YREI) VIV R ERE T BRI B RIT O, M2
MM BEEO AR E R >TE 20214 HTE, #i
Z2HEESEIZCOVID-19IC L BIRELD D12, IRETHE
PEMBEP KB LT BRILICH B, LA L,
S FHIY 1 XN, 20404 F o R OMI A HEIKE
FHEOEEHRERIIZ.6%THLERATN TN,

MEAY 2y by YRR X —FEE A
ENBHAY—E IV DBRAHICHON 2
i, 700°CEL OB T CHMHATE 2 Z LR K
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mDOENEFD1IDTHY, TV VEAHTHY LR
B ERERTDH B 728, i i 7 & OB R 1 H
Thb, 2N DEWNR L /23720, ¥ —EY
r =AM bR E ONiE#BE & S Waspaloy
BHOVOLNTW» S, WaspaloylZNizE & & TREN L
71844 L I3 R ONDEEE T, AL, TIOWRIMIZ L O
RENIRERY HICkaHmLZAMALTED,
700°CiEL £ TEWVWEBEDHRFTE2Y . koT, 7184
SO & D BB L WEREE T T, Waspaloy&& D
MBI NS, % 72, it e i i, i icd 8
NnN7=&64&<Ths,

Y—EUr —AOMETRICIE, &LV v T HEIE
DEMMLT R AR EENE,ZDOL5 ML 0
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D AFGFORBELPBELLREGH8D3HD S 5. 4K
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m Turbine case for aircraft engine

\
N\

THEIN M%K% 721, CAE(Computer Aided
Engineering) =T, Ml LEIN DY R 27 OHHi
PRI D A7,

kXt AR SUSIAITft A4 HE IS K D 201 14R I23R0T

CAEZ o TR TE N DY A7 ZRH{LT 51
1, VA2 ZE BRICFHET§ 2 720 DIEEMEN B L 72
%o BAFE U 72 BMEIN TEI A T 07 C L, 2R 5 o Rl
HERZBE LT 1203, BVHMLE N OFEE R 2
HES 27D OFEIEIETH D, [2.26i I THEEZH
T 2,200 BN TEINAFEA L 7881, Z DHE
NDREDRE, ERET 20DV RT %2R 72 OFHiiE
#THY, [2.38IcB VW TMEEBIAT 5,

2. BEMIZNYRDDFESE

2.1 WaspaloyDIERREDRE

ZU®Ic, Waspaloy D#tEAM 20 &, INRIGAER 2 5]
BRI L 72 RIS, ZNo0REF %2, Zh T h B
% AR L T B L TEIREER 2 1T o 7o, sABR E f
TR, BAI TEIN O TR R & LT 2 Bl i 1T
T ADMRESFRMEEZBRLUTEREL 72, 51 R
SR LN, B0 OIRERFEZBE2ICR T, 20

1 —9
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Waspaloy DT, #0 DREHKEY (a) T (b) KD

Temperature dependence of elongation and area
reduction in Waspaloy (a) normalized elongation, (b)
reduction of area
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FERD O, MBIO I, FEDIRERIPAICE W TEL
CIETFTBIEDMBo Tz T, DK T T 2HET
BlaRRE % U 72 O3B K OB WiE o —fil %, RI3 IR
T W R ICIE T4 Y TUDTBREINTET L
Do, RF —< TR ET MM TE U, TR
DEERKTH 2 EHWL 7z,

e
Waspaloy 5|3R5ER#% ORKE
m Fracture surface after tensile test on Waspaloy

2.2 BEMIBNOREFTEICEAIDHEAE
221 BEMIZENOEETIERIX—IED
&
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Cracks observed after hot ring rolling trial on upper
end of inner surface
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Investigation of Mechanical and Corrosion Properties and Corrosion Resistance
Mechanism of Nickel Base Alloy ADMUSTER® C21P
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The applications of metal additive manufacturing are expanding in the medical
and aerospace fields, and further expansion into the industrial machinery field
is expected, including petrochemical plants and semiconductor manufacturing
equipment. MAT21®, which is a Ni-based alloy with excellent corrosion resistance,
has been supplied to customers for more than 20 years. In order to expand the
applications of MAT21 and to reduce the delivery time, the alloy has been developed
as ADMUSTER® C21P for additive manufacturing. The strength of products fabricated
using additive manufacturing with C21P is higher than that of wrought MAT21.
The corrosion resistance of C21P products is comparable to that of wrought MAT21.
Microstructural observations revealed that the higher strength of C21P is due to
the high dislocation density induced in the additive manufacturing process. The
strength can be further increased by introducing fine intermetallic precipitates
during an aging heat treatment process. C21P products are already being used for

industrial machinery, and we aim to expand the C21P market further.

Il R&D Stage : Prototype
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Building direction BRI
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Z direction
Z planes

Tensile directiéns X direction

Base plate

HRAES LOERRAOES
m Definitions of test directions and planes

Test conditions Test directions or planes C21P specimens
As built Solution annealed HG
Tensile test Tensile directions XY, Z XY, Z XY
Vickers hardness test XY, Z XY, Z A
Immersion corrosion test in 1% boiling HCI / 24 h XY, Z - -
Immersion corrosion test in 2% boiling HCI / 24 h XY, Z XY z
Immersion corrosion test in 5% boiling HCI / 24 h XY, Z - -
Immersion corrosion test in 30% HF at room temp. (25°C)/ 24 h Tested planes XY, Z - -
Immersion corrosion test in 10% boiling H2SO4 / 24 h XY, Z XY Z
Pitting corrosion test in boiling Green Death solution / 50 h XY, Z - -
Crevice corrosion in boiling Green Death solution / 50 h XY, Z - -
High-temp. corrosion test in 100% Clz gas (200°C)/ 24 h XY, Z XY, Z -
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200°C, FAERRFEI 24 D N F 5B % i L 720 3k
%ﬁ?’ﬁ GEEE T HEMS (SEM,HAE T, JSM-6700F)

CXVEEOREZMAL, XHtmEE T 8E (XPS:
X-ray Photoelectron Spectroscopy, HA®E ¥, JPS-
9010MX) = W TCIE &EAE R DIEAZRIE L 72,

Heaters

Stop 0 . Stop

valve - valve
Specimens

— (X VR X

Test chamber

Cl, gas

BRI RERHBICAVHBREE OB

Schematic of high-temperature gas corrosion test
equipment

BIRHBRE Ly H— ABESHRBROBR
Results of tensile and hardness tests

3.2 QIPERGAEC2QTIPEMMDERERES LT
HKBANZALREE
R22CHKBNHIRBICBIT S C21PEBE DR
REL By —RABE %2R T, k& U TG EIL
MMAT21 DB FM B XTI LB O RS 18
L 720 RN S 1, FRBS AR T 0 R IR ER BF (F9
600°C, 30 k) TH b, EMTIEZF /L)L
D& EHLAEY (A2BE) BT 2L FIoNT
W5, |20 6, MAT21IZHW LT, C21P&EIEE L
C21PR M D EHEELL TV 2 ZE DR S N 5. 5
WZC2T1PHRFRIM DIEEE X, MAT21 % RERI LR U 5
LI E7MAT21THGL D &<, S IE— M
LT3 a,39)L bR EFEA M (BISHILITE®No.6)
AR E DR S I L 7o M BT Th 0 & iR EE i
BEREMEDER SN AR~ BHASHIfFIN S, —7,
C21PEIM HIEHILALBEZHNT 2 2 & TH|IEM TH 2
MAT21 & S QEEREICTHETEL 2T o7,
C21PE £ £ M B L R &M D iR LS % iR IH
570, EHEAEHE 7 HEME (STEM: Scanning
Transmission Electron Microscope) #l% & = )L
— o B RIXF 53T (EDX: Energy dispersive X-ray
spectroscopy) % Ei L 72, B4ICC21PHETE £ £
LC21PREIM DSTEMB EEDX DRI~y BV 7%
AT, M EIE A IEZ02E 7 e e RIS F
U, ©VIR R Z T %, RBIZE D 5 C21PTH IV
RSB RENTHB ZEPHERSND (R4L) . %72
C21PER T EMB L UC21PRAIM Tld VAT TD
MofRtf 3 & o bh %, B5, 6 (HREM % & 7 STEM
B BTRREIPT $Y — > 2R T MR 5, C21PiE
B EMTIERHEMAN O/ — 2 i3RER S 1T, b
BEEATHHE LTI R EHESI NS — T, RIVAIZ
FOPROBALD L E A SN, B EENE N LN
HOD Lo 7, C21PETRAEZBEMILT 5 &, BAI%
FEIEMAT21 & R EEIRIR L, RBT 3 & O VIR

Specimen Direction 0.2% offset yield strength, MPa Tensile stress, MPa Strain, % Vickers hardness, HV10
XY 754 1,023 45.4 323
C21P as built
z 623 885 60.1 282
XY 424 905 71.6 209
C21P solution annealed

z 416 860 76.3 206
XY 952 1,441 20.6 428

C21P aging treated 5

Wrought MAT21° - 381 812 72 180 — 200
Wrought MAT21°HG - 733 1,241 53 345
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(a) BF-STEM# DF-STEM &)

(b) BF-STEM{# DF-STEM

250 om Mol 250 nm

Q1P &R EEHE C21P MM D STEM RB LU EDX Xy EV Y (a) C21P &bk EM (b) C21P Bt
m STEM images and EDX maps of as-fabricated C21P and C21Paging treated samples (a) C21P as-fabricated sample, (b) C21Paging treated

BEE vaT21®, C21P & C21PHG O STEM SHETCE - BTFMEHT/ (5 —> (a) MAT21® (b) C21P &fsE®# () C21P Bsh#t

Electron diffraction patterns for MAT21®, C21P as-fabricated and C21Paging treated samples obtained during STEM
observations (a) MAT219, (b) C21P as-fabricated, (c) C21Paging treated

! e i oy W Pl e RN : L 3 : S
MAT21®, C21P&fsEHHE C21P BMD STEM & (a) MAT21® (b) C21P i EM (<) C21P B

STEM images of MAT219, as-fabricated C21P and C21Paging treated samples (a) MAT21®, (b) C21P as-fabricated, (c) C21Paging
treated
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Investigation of Mechanical and Corrosion Properties and Corrosion Resistance Mechanism of Nickel Base Alloy ADMUSTER® C21P

MBHRLUZeZDZ DS, C21PHERE M A MAT21
FOHEMELRLDE, MOBMEEICEZDDLHE
FEENDEH T 02 TRIVIRIRRIC S B ORAL A
AU 2 HHIZBBR IR TH 505, LR D
HE OMo AT T2, g S Ic B 2 0EL DA
HEEEOMBBECTEC2BMOBE LEAZHET S
ETEHL DB BEE L L NSN3 ABHRE, B
JEYEI D2 G EE R ED 7 AR X O HET 3
EALBE R CE Pl B 2 B,

C21PHsZI#M 13, C21PE L M CHIE SN &S
12, B OERDL 5 B A RO AH AR I RS AL BE &2 58 A U 72 4R
RETH B, C21PHEIM DSTEMG % R % &, Brfi %
WZC21PER L EMEARBEIPPERVEETHY,
MAT21& HiE§ % LERM X E W IRBEICH 208 T
285 —>h 6, MAT21HG & FIRICA2BEINT HH A HERR
SN L EX D, C21PRAIM X, B E DAL I
Z TR HIC Lo C, MEEL L T» 5 2 &2
AEINTzo T NHEEER 70 Ao TIEOE R
EALEERETH b, EMIC S ERMICHERAZART
H 5,

3.3 QIPEREFRMEC2T1 PRI DR

JE RO —Hl L LT, B7ICES%HCUS &R
Btk OB %2R T I IX316 LR & 8 E
SUS316LDEER /D P TR L 72,316LIZ3ETE
R EBEM OMNH2E L ERZZI7225, MAT21
BLUC2IPERFEIRAESPCHE T 2REDER
I Z 5N 72, RIICC2IPHERFDOBABH P OEE
ML, Green death/KIFR P CORA L EFAEE
BLUHABHE R EREZRTW 19 D7
B, MAT218 X U Alloy 22 ((REMN 2 EHANIE S
&) ORfE%R3ITR T,

MAT21& C21PEFRMFIZEREE VP HEETH S

(a)

: XY plane

0 1

LD %.Green death/KIFR P COILBF AR
EB8XUREERREREIMEMLDDHC21PER
D S35 - 10°CIER W B R DEDX 43 #r 2> & C2 1 P&
AR TBEYTIED 2P RIwETEZELTE, RN
it B PEDME T U7z A LT B EHEHIT 5,88
JEETCE T 2 H D EE TD 5 72 DImT IR LN S
IR DM 720, IMBMEDORERETITIZD
RO oltEIoNS,

RIERE T, C21P D &1 D LR FE 4k 7 1
IHERR S NAs b o 7, C21PE £ £# L C21PVA AL
IR AT RAT DB HED #1305, Z BB\
HOMBYEICENRECRD T L HESIND,C21PH;
A TIEIMAT21HG & FfkIC, HrifiEfbic X 2 %
BRI TH 727D I BIEICHE L kholzt
EZZohb,

R, T EEDO RGO OVWTHRET 2, BERBD
BRFUREE 2 i3 5 &, ZH O K HBXYHE & 0 b i &
WENTWB LSRN, ZOEIBMTH o7 &7
0L AN Stk E F o7 b B2 A U]

EMEIXDH 278, ZDHEII NSV EHMIINE, DX
L, KB OB FEE BB ICB W TC21PERAE D
it &, Alloy 225 0 HENMAT21HETHEZ L
PHER S N,

E812100%Clyh A 200°C2 4[] 2 52 il Bk £ D 3
BREHROSEMELCUBRERY DIEAZ T T A
BBi3316 LTRREFELVEBEDVHETIHRGTHEH
C21PEIAEB L UMAT2 1 E M X BTN 28 &%
NI E 572, SEMEXPSIT & 2 & 55 5 & AR

BRERIE ’2*3b\“€%>C21PETF51’ZlS6:’)b\ VIR E T K
e, WAL O F Mo ZE X IZITBEINT,

MAT21 L FABREOMEETHBZ & faxaﬁmrﬁﬁm
N7z,

(b)

. XY plane

B 5%HCLBHERSIREDSIRR A (2) C21P as built £ MAT218 (b) 316Las built & SUS316L
Appearance of samples after boiling in 5% HCI solution (a) C21P as-fabricated and MAT21®, (b) 316L as-fabricated and

SUS316L
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SEHEERFOFARE L Green death NERTOBRARRERES LUBRBAEARERE 9. 9

BF:1:)Xq Corrosion rate in acidic solutions, critical temperature for pitting corrosion and crevice corrosion in Green Death solution ™19

C21P MAT21® |MAT21°HG| Alloy 22
Test conditions Evaluation index As-fabricated Solution Aging
annealed treated
XY z XY z
1% boiling HCI / 24 h 0.01 0.01 - - 0.01 0.01 0.13
2% boiling HCI / 24 h 0.01 0.01 0.01 0.01 0.05 0.21 1.72
5% boiling HCI / 24 h Corrosion rate 1.6 1.3 - - 115 - 7.95
(mm/year)
30% HF at room temp. (25°C) / 24 h 0.06 0.06 - - 0.08 - -
10% boiling H2SO4 / 24 h 0.03 0.03 0.03 0.02 0.04 0.05 0.23
Pitting corrosion test (boiling) / 50 h | Critical temperature | 140°C 145°C - - >150°C - 125°C
of pitting or crevice

Crevice corrosion test (boiling) / 50 h COF(E%S)IOD 130°C 140°C - - 140°C - 110°C

20

Thickness of Cl corrosion
product (nm)
S

0
C21P XY C21P Z C21P MAT21®
Plane Plane Solution
annealed
XY Plane

Wit 1D

BRHARABREABRRER (100% Cl, 77X 200°C 24 B5M) (a) C21P &R EEM (XYE) (b) C1PEREEM (ZE) (0 C21PR
MLALEER (XY E) (d) MAT21® (e) CLIBRERYDEH

Corrosion test results after exposure to 100% ClI, gas at 200°C for 24 h (a) C21P as-fabricated (XY plane), (b) C21P
as-fabricated Z plane, (c) C21P Solution annealed (XY plane), (d) MAT21® plate, (e) thickness of Cl corrosion product

4. % LCOEWI &L BE 7 ot 2 IRRE L 72 &iEE»R

HHELYBEERME LUTHRAINTW 2. 5% b ER
Eii A NIEE A2 0 HRIERPREROFEER L HEFERORIZEOICHMEL, AMEDOY K%

D7z, HifzicC21P & L THEEELICE D A 72, T B,

ARED A TR L 7-C21 PREEM A DOEES L

it 1 % BRIl L, $868& FE A OMAT2 1% L, Mif & 5. &%

WaMERL P OREENT 2 I EDHERS NG

il 7 MHARBLZE 2 o, BFIETE 7' 2 2 RIS R L 72 AL KT D—FRIL, RKFBFEBAMIL AP LY ¥ — K

EEEFRICLOEBREMLTHEZEZHSDIC LT, KAGHRPE I A CHFIRFTE & UCHEML 72, 2 ZITK

C21PiEf A% Rl LB U i 2 @ R L & 2 T & HOBERT,

HHILILEST S ICHRBEATESZILZHLD

IZ U7z B & O >, 2B ToR Rttt o RS

o, 7T 2001l &GastliR, 7 v g2

%> Z R COMN 2D TV BRI TH 5, AHfF

ZERBEOBAEG L LT, Bt a2 RS 26H

BBICBI2RVELTCORABPHITONSY FEML
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Highly Efficient Amorphous Alloy Based Motor to Mitigate Global Warming
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HADBHHEEON6E 2 H5DDLEDNTWEE—Y—DOEMEMIL, &
IANT—LICKRECHMT2LEZAON, ST LRMNEE -5 — OB
DEDONTVDB, 2D &S5 e, YHBOBET ELT 72 &)8 (Metglas®
2605HB1M) &, SkEDMEWVRERH D E— —DEMFEMICHM T 2L E 2
SNBM, MITHEMICGHEEZELTBIE—F —~OFRAFEM I LD 022
T, Ytk I BRRER AR SHAl 2> o — (NEXTA) L& b IHRETELT 7
AEBDE—F —~DOHEHIZ OV TR ZED T2, 50, SRETENLT 7 A&
BEzE—8—~EHLEBEORNEZWRT 2720, 77y E—9—LFu—rH
E—F =BV TEAZ 7RAT7 LEZRHK 2 72 FKOT A PREMNTIC
BE, a7 OENICE B E—F — MR E EfEL 72, 2 DG E, ﬁﬁ&%?%nﬁ?
2B RS 2 2 & TRIRPERMRE IR TH EL, FICBARTIE10%
D EmETEIE2MRLE,

To achieve a sustainable society, reducing energy consumption is becoming an
important issue. Consequently, there is a need to improve the efficiency of motors,
which account for about 60% of Japan's power consumption. Our iron-based
amorphous alloy strip (Metglas® 2605HB1M) is characterized by low iron loss, and
is expected to contribute to improved motor efficiency. However, it is difficult
to manufacture due to its thinness and high hardness. As a first research step,
we report the results of manufacturing iron-based amorphous cores and silicon
steel cores for fan and drone motors, and comparing their performance in actual
motors. It was found that the adoption of amorphous cores resulted in a higher

efficiency of 10% or more, especially under light load conditions.

B Key Words : (E7EILT 7 A&RE, E—5—, #%i#E
M Production Code : XE 7 E/L 7 7 A£/E, Metglas®, 2605HB1M H R&D Stage : Prototype
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Highly Efficient Amorphous Alloy Based Motor to Mitigate Global Warming

1. 8

20154E9H O EEY I v F TRk TRE 2z FFE D 72
HD20307 Y =V FIDRIRS N, ZZIcil#ishi
20304 F CICRifATRETL b L WilkR A2 HiE T ERHE
BT 5SDGs (Sustainable Development Goals:
Rl vl ng 2z B HAR) <, BN SRR A B A 5K 521
BRI E 23 (COP21) R &ic kb, il ag e th &%
E2720BIANT —DERPFE>T0 5.0 21T,
HARIZBWT2018FEEDCOHEHE10.6fE M Df
PB4 N B> THEBL T 5,
COBNHEDOBLZ6HZLHDHEY 2 E—F—DF
B, HTANLF —LICKECEHBMT2LEZS
h, BEE - —ORAPEDLNTVEY ¥,

ZD &5k, B =7 —OERIC T TERLM
FHEHL, 87 BT 7 2B RBsH/ Mt %
FIFHL72E—2 — DR RIhTNn3EY 10 gty
ENT 7 AL, ZEEGHBTIEIZRAIATHS
», E— 8 —F@ TOREMEG (ZE2D0ER
ZHb,. N, $ETELT ?AERE I, BG4S %
#1005°C/ BTamELL 2R RT LI RES
25 pmMOEHF TEEIN D720, B THOR#E R
T2, ZDDERMOBERMRTE—5 — %22
WCHOONS, fTIREMLTAREE L W5 HEIH D€ —
8§ —DRBBELBREICITE>TH R0,

-
BETEIT 7 RALEE (AHIRE 25 pm, EEIE
142 mm, 170 mm $ KTV 213 mm)

Fe-based amorphous alloy strips (nominal thickness:
25 ym, standard widths: 142 mm, 170 mm, 213 mm)

D& B EA AR T 72012, Uik & BRAER
77 oAl > ¥ — (NEXTA) ZHub & 3 2%
TN —T"TlE, HET N7 7 AEE O HMN T OE
ZIRRL, TEILT 7AE—F —a7 OREM~DHG
ZHEDTNWBY SE, PELT 7AE—Y — R DH
—BREE LT HESMIOR—2 %4 3HE50 mm
D77y E—F—ELFR—VvHE—Y—%2FL, TE

W7 7Aa7 EEERHBRD 27 2RO T A Y iEN T
ICTHREL, a7 DEWICL % E— 8 —hBEHER % FEff
LR ZWMET %,

2. J7VATPEINI7FRE—H—

2.1 T7VE—5 55

SHBEHLEZE - —EHKEEZR28LURTCT
T AT —2a7%28ET7TELT 7ALE (448
Metglas® 2605HB1M, UM F7ENLT 7R) L EE
M (HARBGR Rt F4 Fa7° 35H300, LT
EEREM) I TR Lo e B, m —% a7 I3 KAKA
DEFRES DEIE & 725720, H£BD35H300& L,
KA Z ALY LR m v RS WA (G4
NEOMAX® NMX-43SH) Z#H L7z,

BERBITICIE, 5TV 7 by 2 7RSO IAE
FREEEHMENTY 7 FFemtet®Z Al U 72, AWt o fig
WMEtE2RQUIR T EIMIE3.2 AL b X5 IHREL,
BIMERDE— Dz DMBIE—E L L. BITic BT
8L, MRt g EfE (W/m?) 2 X =212 (1) RiR
FTLad AU Ay VDR THLDLENS, EXATYVAE
FRBK, & I ETIBREKE AT 2.5 RBIOMET —
& ANJHE L, MK I FemtetNDEZEHAL, 7€
NI PARIEMOREIT — 5% &1 (Kn:27.0477,
K.:0.023456) &£ L 7z,

W = Kh'Bl'ﬁ'f + Ke'B'fz (1)

R2ICHRMBIRERZ, R3IC PV 7RI REE2 T
FToR2IRTEII, AT —F —DO#HHIZ1,000 min™
TlE, 7ENT 7 A EE R EDK1/3, 10,000
min T, M1/7L k3. MliHZ2&D - 2ERIZ,
1,000 min'TiZ, 7ENL7 7 AL EER MBI IZIT &
AEED SRV, 10,000 min T, $1/38 %%, 2
Nk, BHETPELT 7AEBOKETH2EAM T
DEBIEFBD RIAD B2 EDDD B,

RIDMV I %2R 5 LERMEZEMT 5121 T, 7
BT 7 AR DI Z, 3.2 ATIIEERE
SHMEE IS LCT LT 7 ABED PV 2 D3I95% L 72 B
e BEBICTENLT P AR E HEE M D3.2
AR DR RZ R T B3KD, T4 —AEOHH
BN TRELZ->TED, 7EL7 7 AEO IR
WRZE153 TICEEL T B EE Z o, ZOMAAL
MOFETIVIPETLTNEEEZ S,

ZOFYU7IVEER Vol.38(2023)

39




Units: mm

\\.

Teeth

A . Permanent'magnet

Rotor outer diameter 25.4

Stator inner diameter 26.0

Stator slot innerdiameter 28.0

Stator slotouterdiameter 38.0

Stator outer diameter 50.0

E—4— 1/2 WiEHE

m Cross-section of half motor

-5 —{tiE

gELI Rl Motor specifications

Iltem Value

Stator Outer Diameter 50 mm
Rotor Outer Diameter 25.4 mm
Gap 0.3 mm

Length 50 mm

Rated Power

30 W (at 1,000 min™)
300 W (at 10,000 min™)

Voltage Max. 200 V
Current Max. 3 A
Application Drone, Fan, Pump

BXRATIESR

RELICW N Simulation results (loss)

Speed Material Copper |Stator Iron| Rotor Iron | Total Loss
(min™) Loss (W) | Loss (W) | Loss (W) (W)
1.000 Amorphous 3.06 0.14 0.01 3.22
’ Si steel 3.06 0.50 0.02 3.58
Amorphous 3.06 1.75 0.29 511
10,000 -
Si steel 3.06 12.22 0.32 15.60
| =3 NIZEiEE
BEJCXH Simulation results (torque)
Current
Material
0.8A 1.6 A 3.2A
Amorphous 0.214 Nm 0.439 Nm 0.868 Nm
Si steel 0.219 Nm 0.448 Nm 0.914 Nm

Flux density
I1.6 T

-1.27
08T
04T

0T

BRI R (RREE)
Simulation results (flux density)
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2.2 RHHER
BAICER L7z E—% — DB Z T 3. AE (a)

(b) D kS5 I BLUIR— & 2> T B, B5 12 & fif 3
Bk &, BT sER DR 2 R 9, AT AERI1Z, BI5(a) I

ATEIIC, RBENRTH S D50 mmE—4 — D1
B 28R L, BT —5 —CHES &5 2 & Tl
B35, 20K, BME€E—%—L D50 mmE—%—D
Mz, PV XA =% —% BT 2 LT, MLo L EgH
FEZEFHT 2, 2D MV o L EEGHEA D50 mmE —
Y —OEWHLSEEADLE - HAMERL RS, %
7z, ®50 mmE —% — Dl FIZEHEFF DO AICEHEL,
MAMBELBENZME Lz 5H, PLIA =% —
D e MEREE 536,000 min o728, #B#1%6,000
min!'¥T& L7,

(b) Si steel

(a) Amorphous

BUEE—5 —5MR (a) PEIL T 7 AH (b) EERIIRI

Photographs of (a) prototype amorphous motor, (b) Si
steel motor

BB, B5(b) IR T &S IR TH B
®50 mmE—¥ —%, EATFUVATL —FICHERL,
WAV N—=2IZTEE L 72 PLAA N — & TR
BEiEA2HMUEERMEL, 1 FEXA—F -T2 %
Mzz2ec, AfaREEEZEmL 72 HA =5 &
®50 mmE—F —DRICIFINNT—X—% —%REL,
E—Y—DOANEE, ERzitHll T2 L TANE
ZHRL, S 14 F A= =TV L BIERHEE % Gl
THZETHAZEMILTHEEZEBL 72,50, 5
KB OITAMEREE L2 536,000 min?, 0.4 Nm®
728, Z DN TOREZ EMEL 720

B0 6 (< fil £ i E R AR S & R 3 BTTEH CREA L 72
X510, MARERICIIEME L RAHKE G EN
%o & AR T2 F—TH v, AT —% =R FE—T
HBIEDD, BIBIZTEL7 7 AL BB HNEE T
EHOoRRWEEZEZLNEEARLD, 7ELT 7 AREE:
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Highly Efficient Amorphous Alloy Based Motor to Mitigate Global Warming

E— B L BB M OB R EN WA LTE Y, ZhIRER
Bk 2 EESEML, SHBBRBRIRMET LT L7
Voltmeter
DC DTH b,

power
supply

/ / Amorphous H Sjsteel

15

10

d50 mm
Motor

No-load loss (W)

DC motor = —
© Torque meter 0 2,000 4,000 6,000 8,000 10,000

(a) No-load test Rotational speed (min-)

WEWBLER
Power Power
supply ./ meter m Dependence of no-load loss on rotational speed

@/ ] Amorphous —#— Sj Steel

100
Inverter ;\; 80
3> 60
]
d50 mm G 40
Motor =
w20
" 0 TN TN TN NN NN TN TN SN SN (NN TN SN TN TN NN N SN SN SN AN SR T N
Eéfktgres's 0.00 0.10 0.20 0.30 0.40 0.50
(b) Load test Torque (N°m)
BEE =55 (o) mamss ) ams L2 - 2451 (6,000 min” &)
m Test system (a) No-load test, (b) Load test Torque-efficiency characteristics at 6,000 min’
FeoTizfz o, HRiEZE & 2 LIITFEEFED & Amorphous " SiSteel
E2%, s
712, 6,000 min'®, 7€V 7 7 A & E M 1
D MV ITHT BRI% % L 720 7 LT 7 ABRDRE 3
BEEHMBEE LT3 2 EAhh 5, 0.15 3
NmMTIZEWTIONRA ¥ FELETELT 7 ABEDR)H e

0.00 0.10 0.20 0.30 0.40 0.50

DE OV 2, ERAERETIIZIEHREP XN TH %
728, A7 DHFEOHENENTVDEDEEZ D
7z, MV2 2T 5L, 7ELT 7 A & EEE MM D
FEDPED LT 2, A THEETHEIC O W TR T 2,
E8iz, 6,000 min'®, 7 E)N7 7 Al & BE R M Amorphous —=— Si Steel

Torque (N*m)

SRIRHS1E (6,000 min' B)
m Copper loss characteristics at 6,000 min-

DIVI KT BRBE I L 70 ML BRI Bl g
SHTHENMINT 275, 7EA7 7 AMESERMBHE 5
DEFIFEAELRW LR DR S, %

®9i2, 6,000 min BV TEER» SHEEZZEL 8
Bl iR %2 mR 3. 2 ORI, BNIE L $iE, Z 0fth g o BT
FETEBRVERPEEN T2, ZREEED T €IV T 000 0.10 0.20 0.30 0.40 0.50
7 7 ABORE B ERMBEE TH-THEY, 27 0% Toraue (fm)
HOWBIENETCR L %o R I hoTwse I SR% SERERIER (6,000 min' §)
E322, MV 2%0.4 NmETHREINT 3 E,PELT PR m Total loss minus copper loss characteristics at 6,000

min-!
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3.1 FO—VHE—5 K&

HiiRO Fe—yHE—% — I E &b 7-281BD
E—Y—%, TEL7 PALERMR AT —%—%
TERR U 72 o RAICHEAR MR, TS5 L%, B101C
28MEED 1/ 2 WA X & ~F 38T D LI %2 71 37 28H AL
452 E76,000 min'Bic1.4 kHzO ERE) R & 75
D, RETENT 7 AEEO R FEIESEPEROCRFRZE

B2 <o-omE-—y it
LI CY-8 General specifications of drone motor

Iltem Value
Rated Power 1,300 W
Voltage 12.6-33.6 V
Current Max 44 A

B co-ome-v R

B X0 Detailed specification of drone motor

Iltem Si steel Amorphous
Core material 35H300 HB1M
Poles 28 28
Slots 24 24
Rotor outer diameter 60.7 mm 60.7 mm
Rotor inner diameter 56.2 mm 56.2 mm
Stator outer diameter 55.6 mm 55.6 mm
Stator inner diameter 20 mm 20 mm
Gap 0.3 mm 0.3 mm
Teeth width @ 3.1 mm 3.1 mm
Teeth width @ 2.2mm 2.2mm
Magnet size 5.8 X 1.25 X 12.0 5.8 X 1.25 x 12.0
Arc type R28.1 mm | Arc type R28.1 mm
Turns 5 Turns/Teeth 5 Turns/Teeth
Core length 12 mm 12 mm
Feia Permanent magnet

Stator

Stator inner diameter

Stator outer diameter

Rotor inner diameter

| Rotor outer diameter

RO—YRAE—5— 1/2 ¥iEH

m Cross-section of half drone motor
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T EDRMETE R BIICEfEE—Y — D%
NI 77 E—F— LA, S EITEEE MRS
TENT 7 A TR —TH %,

RO—YAE—5 —SIEENE (E— 5 —E 60.7 mm)

m Photograph of drone motor (motor outer diameter: 60.7
mm)

3.2 RiHHER
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DRI/ALT2>TWBZEDN DD B,
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® 20 F A
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2 1w F _ A
F A-K P
o - -
o FLexbrd oo™
0 2,000 4,000 6,000 8,000

Rotatonal speed (min™')

BEFALER
m Dependence of no-load loss on rotational speed

®131Z, 6,000 min'®, 7EIL T 7 AKE & LK
D PV 71T 2R 2 R L 72, I TT BV
7 7 AEDORBEPEZMRELE LE>Tn52 80D
D BR, 0.1 NmMTIZBWT7EILT 7 AEDF
B, 2084~ bBLE, e R37.8 84 MR E O B
BfiEERERTIISEO2BRICED ZE AN E
AT DEPRESENTEEZ D,
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Highly Efficient Amorphous Alloy Based Motor to Mitigate Global Warming
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—— Si steel

—®— Amorphous

4
& o ® O
o o o o

Efficiency (%)

n
o

o

0.00 0.10 0.20 0.30 0.40

Torque (N+m)

BEEEN 02 - st (6,000 min B)
m Torque-efficiency characteristics at 6,000 min-'
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Large-Capacity Flexible Cable for Organic Light Emitting Diode Manufacturing Equipment

BRELT 1 AL 1 DRIEICIEKER
ERBNMERSNTED, BELEREZ
ERLTWEWEY, JU—-rFo./0
J—DUEDELTEZBNTVD. B
BWELT A RTLAERTEE, XY -7
SADKBILICE >TEENRZED,
BLEJRRETIS, ERZERELLSE
IRBENERTH D,

COTHBERELELERETIZ, £A
SNZEAHFAT —TIERFEEE
HRHBONDKSCIHEOTE T,

COLSBEABEHAT—TIVIE, &
Y —‘/)b—L\WGD’T—?)l//\‘TW[CﬁSZ

]/EN, 3,000 VOEBERE FTCTRA

80 ADERZTES bt-ﬁ]\by Bh(F342

CO-FHVV-SX 1X32SQ LF

300 mm (I —ZILAED1465) TRX
1,000AE#&DRUUFEMENDCE
o, r=JIET—TIIRT7EDO LT
ECKDEFHBTIROIBFEBIRDO ST
ILhEEENs,
AEFGRISBET A ICEN, EAK
ENFRELS >RBEZEFAEE LT
BRRALU. BRI, RONEDORBEIC
0.12 mmd 3 > TEIAFRR1604D
EEMRZ2EBEETI8EREE L,
CNBICKDUFEEFD N7 2 E
SH, BNERREESEHEEZER
L7z (B, B2) . sRA&HIC, BRIFHZ60
mm (=7 ILARD3IF) & WS EL
WUFEBEREEICEWT, 7504E

D#DRURERICTHZ 2 &N HERT
T, EHRREOHIFHEE300 mmT
1,0006E1ZD )7 DENERFDOT —
TIVEEICIEoTLD (R, E3),
AREREIKBEBEN DUFIEL
BEN D ELERELBERB(CHER
ENTVWB. I—HICE>T, BHELIE
EBNERBEZRHEL, WOEEA
EOBEWDTEDTA AT L1%ZH]
BEICTDEVSEEICKD, KEETE
EMTONTED, S5, AN—KT AV
DT —LEREDZDE/NTILEER
[CHEBEINDENFEEN, NEXKSR
DESBDREMLRIEFIND,
(BEREBRM T AER)

Jacket

Jacket

™

Wrapped shield
Conductor
Filler

Binder tape
Insulation

Braid shield

Sheath

Wrapped shield
Conductor
Filler

Binder tape
Insulation

Braid shield

Sheath

BEI 5o — 7 v

Cross section of developed cable

B — LA S E

m Cross-sectional photograph of developed cable

Bl oo
L ] iti
——— [Test conditions] LELI Il Characteristics of developed cable
Bending radius Vi Bending radius: 60 mm
Py Item Units Requirement Result
| il i Stroke: 300 mm Cond
- - onductor resistance
fs—b1 Speed: 60 cycles/min (20°C) Q /km Max.|0.591 0:545
—
Stroke 2 Insulation resistance .
(20°C) M Q -km Min. 1,000 10,000
1 cycle 1 1—2 o Withstamd A.C.
Dielectric strength - 7,000 V for 1 minute Good
= U-shape bending test | cycles - Eelllien
BEEM v et 2 Eeig 025 | good
m U-Shape bending test Overall diameter mm Max. 22.5
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Trolley Wire with Optical Fiber Detection Wires for Continuous Wear Detection

FOVRRIE, I\ 5T STZENLTE
HICBRZMHIET iaERE LTHER
ENTED, \VFTZTEDEMICK
DIRRICEEL CHEBN N, B
DBE, NOVRHKIRICE 2 TREM
B 26, NOURDEFZEEN TS
FEELED.ZDD, BBEHERR
TlE, FOVRICEFRATZNR L
L DAY VX EFRFIRAD ROUHR
(BN AE&REAEINTSD, FOVR
BRETEEBIC AT LBEL, R’RD
BZD75—LZHITDEHEIEED
TWB.CDYRATAICED, ERER
THOERIRSNTNDY, FER
RRMANTH D, NOVIRDARE
[CERATRN D E R RET ORI ENE

BEEN & 2 eswpasE

m Wear detection device on the pillar

BEI + 5 2 ErpmsAb fOVS
Trolley wire with metal detection wires

GT-SNNPF170

NE#LL, YRATLBEEEFLED
RERDHEED COFEZRRTD
e, RICKDERERRMIATAE
LT BEEBARELTH I 7N\ —%
BAURERBEOEFRRMBFEAD &
OVRERBREKEKA L EHRA
THRFEL

KT 7 AN RHFEAD SOVHR (K
2)(F, FOUBRABRIC2ADIT 7
IN—=ZEAL, COHXT71/\—(F O
UIREERICRN2EROEEEZ T
Wesh, 24U 7 L5 1 LICEFER
HMAAEEE B DKo, COYRTAT
(3, REBEZEYRAI Y NMIRET S
ENTEDHMNBDREECRIREE 1
2, EB(C, RERIIHEIREEM DT LIC

EREREE
m Wear monitoring device

EFERAEE (R3) ZFZE L, KEIRFIC
BEERMEBDEERROEEEZRER
LTWeD, KT 7N\ —KTILEREE
REE (K4) DBEHRHFRERIESIC
EHEN, FOVRSKRO—TEEN
AREE 15D,

PR RA TR D EIREKIC BRI
L, 2R#20 kmDETFIKEZETK
T, REFLBHERZBIDT20215E
SO DOXEANEAREFEDBEAZHR
L7z BEEDXZ LR AO ~OY
REANBEZETV, 10ER(CHE
EFRBRERIN T 71N\ —1b T D5t
B CT$H o

(M REEPM B AER)

L2 *
RLF T A

KT 7 A N—REBAD ~OUE
m Trolley wire with optical fiber detection wires

_
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PVD Coating for Cold Aluminum Press Die

L-Frex®H

RRFLR(CAITTEEEDEEL
PEBERNES, BERERP/\vT
U—D"EGEEICHHDEIEGHIENT D
128, iR E Y UV EEAF
B EICTBICISEFEEDRIBRNDAE
5%, B R ERmIC (3= EHRZR, &
ZLZEUEDOEREEE(LNEDSNTL
2, HRMRTIENITNES DR
ERZ B ENOMREBREFANDT IV
ZOLEEDBEREEMEZI TN 8
RMEIE B UCEEEDE VWIS
DLERF, TUABBRCERIREIIC
FIWEZOLDIEBICERELAD D
RREED.SOICIEMELLETIVE=D
LERETBDICDICAYTF U AEEE

=

—1

Substrate

at the interface

m L-Frex®H #&:&

Coating structure of L-Frex®H

} L-Frex®H
l_l\ ‘ Interlayer

Removed impurities

IORENGDEEMNKEET IS,
W& L TE&EICDLC(Diamond Like
Carbon) WS NDH, FLREAICK
DEENEINTULERSHEEN G o7,
ZCTCHUATEHIRDKS BTV
TLRAAgO&RA—-FrvIMEL
T, RFELLE DTV EMAEKICEND
TL-Frex"Hi (B1) ZBHE L. R=HE
TFHKZ4,000 HVIEYE, KEREF
DLCOFTERNY IS RADES ZR
T EBICTLRAEANDM A EZEE 6
BIEHICREIF2~6 umEEHICHE
gD F, BNZLe SEFEERT
CENOERBRENDTIVZZILD
REZWHTES(R2),DLCO—T«

VIFEBEEDIY MAO—-IILAELLS, B
MERBEEDBEEECREN B 1D,
LT, EMREORMEYTRDE
BE, BEERLEEZRITDCETRERL
EEMEZERERLULE3),

RRCHFDI—Y—FETIE, B
JVIEKDBEFETERD > RF7IRIL
EDE @D EEFHF @A 60,000 shoti
&b, 4,000 shotZ &ICERDER
CERMEA VDR CRENRERE
METBEIC o7z (K4) .

L-Frex HIZEES®ELTED, 7L
ZT7LZRARCOSREMREN R
=N,

(ZBEMRIEELRE)

L-Frex®H| . =
(UBMS) [
4,000 HV|

L-Frex®H & &7 DLC DR U5y FRERER
m Scratch test result for L-Frex®H and conventional DLC coating

Coefficient of friction (u)

Non-coating

40 60 80

Sliding distance (m)

L-Frex®H & PVD I—F« ¥%, /¥ A—F 1
VIDIR—=IAVT 1 RO REBRIER
Ball on disk test results for L-Frex® H and

PVD coating, non-coating

maintenance

%PVD (Physical Vapor Deposition: #1382 &%)
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* wipe the surface lightly
+ apply volatile oil

BRL BT DRIREIRE (60,000 shot K)
(a) 271 (b) R

Surface condition before and after mold maintenance
(60,000 shots) (a) before maintenance, (b) after
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Copper Alloy for Electric Vehicle Relay Contacts

BEEHICIRERROEERT D=
CRBEDJL—HEHINTWVD,
BERICIRITIEEENOEDH
BmFHA BEERFICHLATONE
BENToN, RAKICETEREFIY
FP<BHLERTEZRRI D CIC
FOTERNEMEND (1), CDi
FICERSNZMH R, EibExrE
RIDLDISRENRDSNDZ—T,
EMIMOBREZHIcHICEDENE
BMHEERINDMEEICHENT—
RNICEEEBEREFINL—RATD
BIRICH DMLY B EH HE KT8,
WEFK(IBBER G E DS CHRD
FyvTEB5MIFIRHBELTREE

=

Fixed contact

HZR150

EEBEROMILZR>THDIARRT Y
TOEREE>TUV e, ZTTHE,
ZrRMEmOFEICERL, BVWREE
EBROMIZRELIHHEEELT,
THZR150,=RFE L7z,

RS, AR UICHZR1508 KUERE
R, ARNLEEBRERSEDC194
DFMEZTRIHZRI50D5I KRB (S
C194&D42EDDEBRRIMEIDE
BASNCEV. EEBRCELTEC194
ED20%IACSHUEEL, BN G
[CXOTIFERERRRIENFNEER
ERIRTED.ZD/SH, BERCE
SUBMICKDEBAMNME<IMZ SN, #&
RELTHBIRFEBERFDBED

BREEEINIDICENTED. £
7=, B2(2 RS K SIS, HZR150(F Nk
(CX T DMBICFFIENFERE CEBNTS
D, 500°CEEICMEBASNTERED
BETHEEAERONEWL, NG
FOZrOfENFICE DD B S
PFEIENTND/I=HTH D Lt D
HZR150(3, ZLIB(C KD DT H R
FEZHELTED (R3), mWiEhE
ZEHEL TS,

HZR150/F9 CTICEEEYL —([CH
BENTLWah, 5%, XBELIDY
L—DEBEER LICHESTEDEEZT
B0, ESEDRALKRZHET LTS,

(X2 TOTU7IVEE)

BEE 2R 150 SR RORENBEO LR

IELICYM Comparison of typical properties of HZR150 and
conventional materials

Housing
HZR150 Sgggjr’"free c194
. Fe:2.1-2.6
Chemical éL_(')_g;OZ Cu: Zn: 0.05-0.2
composition (wt%) ol gé 96 min.99.96 P: 0.015-0.15
o Cu: min.97
_ Tensile strength
m BEEY L —(CHF2HDERER (N/mm?) (Temper: H) | = 350 =275 413-483
Use of copper in electric vehicle relays Electrical
conductivity 85-96 = 96 = 60
(%IACS)
160
HZR150
140 ——
120
S C194
I 100
@
o 80
C
el
c 60
T
40
Oxygen-free copper
20
0

0 100 200 300 400 500 600 700 800 900 1,000
Heating temperature (°C X10 min.)

HZR150 &M it #itE o te s

Comparison of heat resistance properties of
HZR150 and conventional materials

precipitates

HZR150 O = & C#Ef (B &SN LY)

m Microstructure of HZR150: bright dots are I
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Clad Metal with Low Coefficient of Thermal Expansion and High Thermal Conductivity for Power Modules

BREHESDERDIHICIXIL
F—EBROLIENIE([CNZ, EETO
EREMEN I REIRERAL T 1 %= (SiC) /X
T—F )\ ANDHFNEEO>TW D,
LHLEDDS, SICNT—F /1 RIEE
RENMENRIRETH D — A TECIRM,
BEH, E— R NRTL v HEDRLDE
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RIEHNICITHBECERNRET D,/
D—FI)I\1 AOEREMEZREBEER
FB7HICIE, BVWEREEREZERLAE

H1CE8BE—RXTLYIHD
ACERE M REROBEREZRT,
LHHAFEFEL/=Cu/36Ni-Fe/Cu”
SYRXYIEEWVWREESRESICIC
HEWEERRBZERBELTED, SiC
NIT—FNA AORBEFEICHED
THdEEZHND.B2(3Cu/36Ni-
Fe/CuZ 3y RXY I DEIRELLLER
(36Ni-Fe) DEZEDE#EIRFRHS KL
UBCEXRDEZEHLUHERER
9o %7z, B31ECu/36Ni-Fe/Cur 3y
RXZILDERELER (36Ni-Fe) D&
EOFBERRDEZZEHULBERT
HB.B2PEBHNSANDELEIICTTY
RAXZIIEIRELEZZLSED L

Sy RAZIILD36NIi-FelREHE33%

DIHE, BERRKIEHIX10°/KE
B0, ERMCERC(BFBIENEZHE
FLDODSICEDEEREKDEZH
CuDHA0%ICIER TE . S OfER
ENBBFAICIOTHEHCKDHOENS
BHERREDZIENZVD, TSy
RAZIVEERENZHHEEERSIC
KT BIENTEDRAL/T—F
Ja—)I\DBEAFZERTATFYR
XZ)IE, E— AT L v UNCER
B PEASMERICERTZCEN
TEDEEZTHD, RER/NNT—F
Ja—-)LDHEEER EICEBY D& HAR
TN,

NoEDRUEES 2N NZINGT TCTRKEFEEZIVNO-ILITDIIE (HRX2TOTU7IVERE)
BIENTEDIMRNNEEED, N TEB.HIZEFCu/36Ni-Fe/Cu?
I & — c
= 400 Cu X 400 * Calculated values 20 ©
S : 2o
S Cu/36Ni-Fe/Cu Clad metal E -~ Thermal conductivity | g X
= SiC || (Parallel to the surface) E 300 ngairfijlg[gggﬁefy[f’agiezj 15 £ g
> 300 = \N\ | N S5
2 £ T )
3 X 2 o0l |\ NSO T 0w Eg
S 20| 1 | A E 53
c p s
—- : c e =
S y 8 25
® 100 2 &7 [ Mo |~ Cu/a6Ni-Fe/Cu Clad metal g 100 I~ Thermal conductivity | ° 5o
9] @'\]D* i 5 (Perpendicular to the surface g {perpendicular to the surface) LE X
E o ‘ —ALO, o0 ho 8
0 5 10 15 20 25 0% 20% 40% 60% 80% 100% ©

Coefficient of Thermal Expansion [ X10-¢/K] (303 K~473 K)
BED 2 — 270 v YR OsMEEE - SRR

m Thermal conductivity and coefficient of thermal
expansion for various types of heat spreader

materials

Thickness ratio for 36Ni-Fe

Cu/36Ni-Fe/Cu ¥5 v RX 5 L DIRELLENEE
W MRRMICRIETHE

Relationship dependence of Cu/36Ni-Fe/Cu

thickness ratio, thermal conductivity and coefficient

-
o
o

~
(&)
&

<y
o

n
o

Resistivity [ X108Q +m]

0

* Calculated values

20 ratio

of thermal expansion on Cu/36Ni-Fe/Cu thickness

{ Buffer plate (Cu/36Ni-Fe/Cu) |

i Heat spreade DBA, DBC

(Cu/36N| Fe/Cu)i

0% 20% 40% 60%

80%
Thickness ratio for 36Ni-Fe

BEEE cu/36Ni-Fe/Cu 25 v KX L OIRBLHE A
B BRI RIET R

Relationship dependence of Cu/36Ni-Fe/Cu
thickness ratio, resistivity and coefficient of thermal

c
o
2
c X
15 %(Q
ci; ?‘ Clad metal lead (Cu/36Ni-Fe/Cu)
,,,,,, 0 £2 P
SIe e
5% =
5 = o T Powevdevice‘%wevdewce
5 =) DBA , DBC
2 x
R
o
o
(&)

100%

TR

alinm

Clad metal lead model

Cu lead model

KI—EI 21— IADLH TSy RX S VOB

expansion on Cu/36Ni-Fe/Cu thickness ratio

m Example of using clad metals for power module I
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High-Performance Nd-Fe-B Sintered Magnets "Technology for Reducing Heavy Rare Earth Requirement"

NEOMAX® NMX-G1NH

HRNERRFCHRCEITIZED
#HHDHTNd-Fe-BEERERA L, EED
LDETHDE—F—D/NEHE- B
RIZEDDIMBELTERBEINTS
D, FREESEMERLTETND—
77, Nd-Fe-BiEfEHAICEHEIND R
THEERBEED SRELC@EETOR
whREN, AROILETHIOH
BREENMEL TV HICHEMA KL
DEFREBEDFREN (Ho) ZRLSED
WITRTHDTIVETL(TD) [FRE
BERFEIVAVERBZITED, ERAE
HIRN B <EEZNTND. COKXSHIR
MICHIG T DIcHHTIE, BefERD
BAREHSTbZRSHLESE T, £H
(Nd2Fe14B18) fERHL DAL (CD

Grain boundary
phase

1pm

BEEI 5cowrmame tmv y 7

Microstructure and X-element mapping

HEBATBEICED, TbOEREZE
ERUAD OIS EZ = 2 ThILE
EEERIELTWS,
SERFELIF R (NMX-GTNH)
(&, EERFE LML ™ KT E R
L, A UTco MIRBU™ BT & (3, EREK
HNORBICKESEEIT DR FHR
BICEBL, BB ZTSRICEE
HERAABEEANDThEILEXTE
DILRRIC KB — xR F R R =
BEROERTIECEBNHS (K
1. U TIITbEHEEZNI+PrEadEeE

L, B ThILBUER 1 /ST TRE
DORWH(Hy) ZERT D EICHTH
Ufco RERMTZNMX-S49F-SHA R
AU, MILE™#E LT2020FENHE
ERBL, 20214, REBEZEE (B,
REEH (He) Z&BICA EETEIENMX-
GINHOBREZRT, fil@ELTH
BERAL, BEERD OIFRIFETEZE
EELTW3(E2, K3).
SBREEAER SERILORTZE
&, FiR AR RZHE LI HIERIR
BICWSLWHAMBZRHELTVE

D1/100UTEVWSEWEZEZEBIFT W,
MRBEFKICEDEH, CNETKRAT (Zo-/N\LERiiE#sHter5—)
BRI SFHER PR MY DEIE(L, &
BICENZEFHKIR T DHRILECRZHRF
—— (New) NMX-G1NH 1
—— (Conventional) Tb-Diffusion :
1.4
- 7 1.2
23°C 10 _
08 =
06 @
0.4
0.2
- : - - 0.0
-2,000 -1,500 -1,000 -500 0

R LB

Comparison

H (kA/m)

Demagnetization curve: The magnetic
properties shown above are reference,
and are not guaranteed.

of demagnetization curves between

newly developed material and conventional material

1.5 p
-pro
4
3 | .
1 4 1 ''''' i . ~ j Serles
G1NH
= S49F-SH DMQQ% ) .
o sam ¥ baseg o0, Series | HIEH (Tb = 0.1)
m ,775!@;;9'///78/_ | ‘ Br=145T
o
1.3 Apply M-diffusion™ ” Hes = 1,989 kA/m (25 kOe)
Achieve higher Hey for higher B,and H,, J1EH
M -diffusion™ technology Br=TBD T
> Maximize effect of diffusion Hes = TBD kA/m (TBD kOe)
1.2 > Minimize content of HRE
1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 HRE : Heavy Rare Earth
Hcy (kA/m)
BEER v s~ somasES Y 7

m Br/Hq.-properties of M-diffusion™ magnets

_
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Compact, Low Loss Leakage Transformer Using High Frequency MnZn Ferrite

XEVOEE/NT—tLA1YVEICH
WoNZAVN—F(BHEBRRB)CH
WC, RIYyFYIRFELTERER
L EERILICENLMRETRTSIC-
MOSFET (Silicon Carbide- Metal
Oxide Semiconductor Field Effect
Transistor) OEANEATWND.ZD
FT,ERPEEOHIRRRZFANALR
TYFVIRICHKETDORN /1 X%
ERCTEDHIRIV/N—F(E, ERKI
([SEL 7RI A THOOBC(On Board
Charger, E&FEEHR)FDDC-DCIV
N=FIZIESBERAETNTVD,

HIRAVN— Y ZERITDEEMRE
WEE, BE NS REHEIRIAILT
B3N, RETIIINSZ 18 mICER

ML29D

LY=o —IRSVRAICBEBRZ, &
5755 /NEHE - EfR LA EH BN T
W =T —IRSVRIENTVAD
1-2REDHERDTNICEDELD) —
T—=IA40F05%EHIRICILELTH
W2, LA LRSSV RDEBEXRICHIRIDT
ILDERNI MDD, KRSV &
LCOBREBRNHEBEE TS,

LUH TEIMEDEELMNZNT S
1 ~MAML29DZEO 7 ELTAHWSCE
TY—T—I IV RDBEEELID
ABEICHII U,

ML29D (3 RERIEB R MK
ML33DICHARIEVEEEREICEWNT
ZET, FICERICBWTHEXREE
EHFLTED (B), EHA&ICHEL

I 800
700

600
500
400
300
200
100

ML29D

Core loss Pcv (kW/m?)

ML33D

TWB.—ANI XY RIAVIERRE
0.05 mm®D3ERE) v ViRERAWD
CEC&D, itFREDERRESRIKA
Ty FUIICHITDRRMEDERED
K5NTWD,
RNCAKBRICKDU—T—I SV
ADEEHERSE, B2[CZ DA ZER
XA —IRIVRIE, BE
ROEXRICHU, MISEN - Z - 18
BEAVI VIR V= —=I1V5D
YV RAEENRINAXTED. SIS
LHOFSEAKT 51 bR U —X
(R3) THBMaDC-FM"ZHWND &
T, 300 kHzU EDEEBANEXIGRE
RBEFEZLIT TV FETH D,
(HERERRM B AER)

0
0 20 40 60 80 100 120

Temperature T (°C)

B o7 ExosmxeEs
Temperature dependence of core loss

140 160

YIRS YA
m Appearance of leakage transformer

| &1 PRSI GE T T sicpevice
. o 200mT
ALY Design example for leakage transformer =~
£
Parameter Unit Primary Secondary § \ GaN Device
Transformer ratio - 16 8 ::<, 106 T 4,60
Self inductance uH 88 25 = o,
Leakage inductance puH 5.3 1.5 £
: S 50mT 7
Coupling factor = 0.94 g "c"
Magnet wire mm X p| ¢ 0.05 X 1,400 | ¢ 0.05 X 2,100 (©) '
DC resistance m Q 20 10 R
Power kw 6 100 kHz 300 kHz 500 kHz 1 MHz 3MHz 10 MHz
Withstand voltage kVAC 4.2 for 1 min. Operating frequency
Insulation resistance | M Q >100 at DC500 V
= = FDSAVT
Frequency o B m't‘tﬁﬁ?::?‘f MAFDS1V7yv 7
Dimensions mm W65 X D90 x H35

m Lineup of high-performance ferrite core materials I
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High Quality SiC Epitaxial Film

BHEIEOBHEPEIRIEEDER
Z—RELT, SiIC/D—F/\1 X115
(FERTILANFESINTND,

SIC/INT =T\ ADFE - HBFED
(&, ZOMRERBSICTEYFvIL
ROmEICIKREFL, &, B, TEY
FUrIBROEEGEREIE DTS,

SICERDMBERMESICTEY F
rVEOREDBEFRNBEETHDC
CIFUEIEDHSNTED, HELIZSIC
EROKREICEHN HoIHE, KEED
RIEDERREBRDIENTNDOTND,

513, IRATRRAELRY 1T,
BEEFENDHEHNCRARLEY A

(a) (b)

den scratches

Wafer surface after CMP

500 um
| -
Wafer surface after CMP
with wet etching

BEE (oo 7> 0 B EEs R
(a) Hi-LoDe Lap® (b) ftREMR

Hi-LoDe Epi®, Hi-LoDe Lap®

TICKAITED.—RNZIG(RITY
F) (&, BRIZF(CKDRINTYH RS
nalElc&bEmEND o), MR
DFREEZDEDCHFET DEMIGS
ERDOEBHN 51D, —HEBEL, FIZ
(FRHRORT Sy FOLIRERDH CMP
(Chemical Mechanical Polishing)
FICKDHELFEESN, ERREIC
MR DR REIF R Z X WA EAR IERIC 7
ROE(MIEEE)NEFIDRE
ZWS, BT, (EZEMWEDENSIC
KEZTHENMLANILTERELURAR
THDBEZEARILTEDHEDILE
TyFVIFELCKD, MEORR- &

(a)

E7OCADF v IZEEITOTCH
D, SICOBELAMBZZERLERD
—D&LTW3 (E1).Hi-LoDe Lap”
(FEIRDOBE L AREE S FIEEZMm
S URRERMTSH D, Uiz
SUSICERICHMBOIEYF> v
IWEEZ{TS CET, BRBEEDHI-
LoDe Epi*ZXEHL T3 (E2),
SICTEY XY vIVEBEDOEELIBE
THDIEEDH, Fv U7 EBESTIC
BULTERBICRIED, RIFLEAHRE
BoTHD, BREICHVWTT/\I ASHH
FOkrem LICERYT 2o
(HEREBR M B3R AER)

(b)

\.

aYa N\
Local anomaly

in surfacelmoiphelog)]

J \. J

SICIES* v v LEREICH 1F 3 Hi-LoDe
Lap® D%1R (a) Hi-LoDe Lap® + TEHE (b) itk
Sy JHE+ TEE
The benefit of Hi-LoDe Lap® for SiC epitaxial film
(a) Hi-LoDe Lap® + Epitaxial film, (b) reference +

Epitaxial film

Analysis of hidden scratch on SiC surface by original wet
etching (a) after Hi-LoDe Lap®, (b) market available wafer

—~
QO
-

—~
o
=

12

Thickness (um)

~N 0 ©

oOOOOOOO000000000000000000000

8E+15
TE+15
6E+15
5E+15
4E+15
3E+15
2E+15

Concentration (cm)

0O g 600000000 GO0 o0

-80 -60 -40 -20 0

X-axis of ®6-inch substrate (mm)

BEEN sic cte5+y v LB (R8¢ 150 mm) OEESBES%HE (2) BE (b) BESH
m Uniformity of film thickness and dopant concentration on 150 mm SiC substrate (a) uniformity of thickness, (b) do;

concentration

40 60 80 -80 -60

-20 0 20 40 60 80

pant I

X-axis of ®6-inch substrate (mm)
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Nickel Based Alloy Valves

N-Series, BN-Series

—vTIEEE(E, AT VL RlZE
ZDMERM, BECMZ, TV LA
BHOBEEERRETDMBTH D,
ZORREZENL, BENMHLWI Ot
AICIEE<SHEAETNTLS,

BHEZEIFEDOPRTEEDDIF, A
MEFEIAVEF - RO R{IEFERE

U@, FERTIHBTOIOEATIE, &
FTERERBETERMEREZID
&o>THED, ATV LATEIERT B/
&, MBREDH D=y T ILEAEEDE
B mNEREND,

COREUEHE, 3BEBEOZ YT ILE
BEMEARAGEMEICED/ILT ZEMm

U7z,

CNOSDHFHEMTIE, RKELEERKOD
BEIRAMEZEERIRIDHORNTY
UAFERERALIL. MEL, Bk
, BTHEOmRECEN CHWEEZE
RIASTM A494 Gr.CW12MW (H
HEmBAMA276, /\XTATC-276
HY), MA276 KD ESICELIEERE
TOMEREINEBNTNDASTM A494
Gr.CX2MW (HutEmmaMA22, /\
ATOAC-221Y), WEHERREZ
BOEHEMEDOAVYIFILEETHD
MAT21°D3TEFETH D,

NIV @ERHHEOZ—XICHBY

N, B, £, U7 XD
##, A1V IRE LD, R—IL/INLT
ZEZNZTNJISTIOKT SV, U5X150
TIVILBVWTRICRI 71T L%Z
mi A LT BT ICHER, R2[CERL
), B2(CP-TL—F VP %ZRY,
MAEEICK ST, ERTSHEA
H#EIHE, TANC—RZRHL, £
EEICTRREZERIZY—ERE
(LR Tat el Uy/el
(EEMBIEZELE)

*TN\RFOA1BKUTC-2211FHaynes
International, Inc.® & HFEIE,
TMAT21,1 13 MO EFFEIETH Do

I | =1 EUEEIRE
BELICY M List of products

A (mm) 15 | 20 | 25| 32 | 40 | 50 | 65 | 80 | 100
NPS (inch) [ 1/2 [8/4 | 1 [11/4|11/2| 2 [21/2| 3 | 4
CW12MW
el CX2MW
valve
MAT21 - -1 -
5  Gate | CWiamw
& valve CxXa2mw
« Globe cwiz2Mmw
=) valve CX2MW
D[ Liftcheck | CW12MW N R
valve CX2MW - — — —
Swing check | CW12MW | — | — | - | —
valve CX2MW - — — —
Ball CWi2MwW -
valve CX2MW - m ZyTIWESEE/NILT DN
§ Cate | CWIMW - (a) &575 (b) R—ILILT
< valve CX2MW - . q
Globe | CWi2MwW - Appearance of nickel based alloy valves
3| valve CX2MW . (a) gate valve, (b) ball valve
@| Liftcheck | CW12MW - [ IR R
o valve CX2MW - - =-1-171-
Swing check | CW12MW | - | - | = | —
valve CX2MW - - — —
1 Available [ Build to order 2.0
1.8
| %2 Ezdi _ 16
T 14 .59 1.59 \j_
IELI YA Basic specifications s 1'2 ! 1.41
; 1'0 i Gasket material issp'ecial
2 1 T i
JIS 10K Flange 2 0 ! !
Wall thickness ASME B16.34 (1996) S o6 | i
Face-to-face dimensions JIS B 2002 & 0.4 GasketmaterlialisPTFE !
Dimensions of flanges JIS B 2220 0.2 { !
Pressure-temperature rating JIS B 2220 0.0 ; ; .
-50 0 50 100 150 200
-29 38 93 120 180

Class 150 Flang

o

Temperature (°C)

PTL—F1vY
m P-T rating (class 150 flange)

Wall thickness

Face-to-face dimensions
Dimensions of flanges
Pressure-temperature rating

ASME B16.34 (1996)
ASME B16.10

ASME B16.5 (1996)
ASME B16.34 (1996)

_

FOFUTIER Vol.38(2023)



i ERSREFRAEE A EREE I XY MR—ILINILD

Flame Proof Enclosures Type Variable-Speed Electric Motor Driven Segment Ball Valve

NIVT DERZRGCRREREI—Y—
ICXDELD, BRICH U EB) {11
(HIfE) CREERENEEND. RTe,
L EZRJIAMERO-—XEEmED
TETCWB . HHtFINsD=—XI(C
WZ, RAREANERNESHEIAV
R—=JLIVLTTBUTFWBL) (UF, &
U—XEMe) Z@Emib Lo

TG EZTSVREDRRE
HEFEICHERTETSMERRE
TBUTFWBL-E,ZRFEL, &2 —XI(C
BINUTFmIS, T ERTREE(d2G4)
(ATREAZDARIMICERA, BHELTE
BHEEDCMIANLANDKREEESE
CRWEIE) DBBREHEEIXV
R=JLNVT THR SN, RERDEE

I | = EE

BU1FWBL-E

TSAFB L RR CHEREZ BEER LT L\, 1M
PRELDEREFRER, NERERIC, &
IAYRR=)LINIVT OB E =R 2
[CRIARERMDST VT VIICEDT,
EOBEVNI—Y =DM IGZERREE L
TeATFICARD ) =X DR RZFHIES Do
BR
(1) ZrrafEEntEhR
RETHDSE T2 DILEETDR
FAREERIRE, (FEIHDEREEEN
AIRETH D, Xc, FHEIES ANLHIE
EICHISLTHD, BHENTRERESR
ELUTHERTES,
(2) IN)VTRREEEAR (ML O 1%5) HERE
—ERHETEIRAY MR=ILINILT
DRFRBRZREL, ML IRABEE

[CKDER LI ML ORI OB 2 K3
[CRIMRQICRIKSIC, ¥V — K
NHAELCDE (BEYEHAHRERIT
D) RNIVIDEAT B EN DD o7,
Fz, BRG), @I EICEYEMAH
EBRRULBRICNLODBRLET —
HERT DN IRMEREZERL
THERIEY—IIVEEET (¥—KNRN)
DF RN AIREIC AR D EHAFEND,
) ETERAIX ~DIEHE
IF7VUVY-REHROREREL
TERTET, I7aAVY Ly, T
TEREEDNTRFEZER TS, BT -
EBRAJIZANDERICEBRTE D X1,
BAIRINF—DOHREIHFEIND,
(EEMRIEZREARE)

iE:1J YW Basic specifications
Specifications

Fluid type Liquid
Valve material SCS13A
Maximum pressure 1.4 MPa
Type 1: 1.4 MPa (100, 125 A) / 0.3 MPa (150, 200 A)
Type 2: 1.4 MPa (100, 125 A) / 0.5 MPa (150, 200 A)

Maximum shutoff

pressure Type 3, 4: 1.4 MPa
Service temperature 5~ 80°C
Valve size 100 ~ 200 A f—
Connection JIS 10K flange 100 mm

Type 1: 1, 2, 3, ~ 8 sec

Type 2: 2, 4,6, ~ 16 sec

Type 3: 3, 6,9, ~ 24 sec

Type 4: 4, 8,12 ~ 32 sec

AC100 V or AC200 V
Flame proof enclosure (d2G4)

Proportional control, Inching operation
Torque detection

BIXY FR=ILIL T D5
(a) FAZm (MERTRE) (b) F4ERY
Appearance of segment ball valve
(a) flame proof enclosures type,
(b) standard type

Operation time

Power supply
Protection method

Remarks

l Center of rotation of disc ‘ = : Flow
Center of valve port o ||@Abnormal (restraint)

‘_>u Rod-shaped foreign matter bites and restrains K
> h
° 3)Abnormal (torque increase) ,1
g Foreign matter bites and torque increases !
o
§ /
= @initial value (normal value) :',
.2 9
= 7
d (@Abnormal (torque reduction) /
8 Sealing surface pressure dropped and sheet|
o leakage occurred. = -

Body Seat Disc el

Close 25% Open Open goeon " 50 23 CIESE
P State of valve (%)

REEEERD—B1

m An example of valve condition monitoring I
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P T XY RiR—ILIN)L T DBAEA#EE
m Opening and closing mechanism of segment ball valve
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Snow Melting Mat for Pedestrians

CNETICREMFOEENREL
TEETEBIRATLAPREESNTL
B, ZDHRTHITEBDEREERE
LTRESRR, M1 35—, kXN
2. MEDZHIC(F300 W/ m* U ED
RENDEELD, RIEDICHDES
PREDNBEICE D, BRAEHEE
EZLIF 2 HEBAMEMNT DR
- FREETE LMD ER SN, RIT
DEFICHE D KK IR ETKIHF
DEMNHDERELIZD, BTTHE
DIFERBEME(CEREN H Do

LU TREIINODREZRHET DI
SHICHE T KO BERZE TR U 7o S RY
KOBMETY Y hZERFEL, RIET LR
S EHRATRSTEBAELTH
EREERLUICRREEDT .

RICEAARZERIT . CORMETY

I BES ==
BE:1J YW Basic specifications

NS ToK, HULIEHEBEREDHER
THREONIRERERL, KB L%
BUMET D MBICHBELEN TR
BRY T DEHDFHTE M*OBEH A
HETH B,

BEYY SO EER LTI, EF
[C2KEX TEMRAIRE T H Do Bt OIETH
IRDOE Z—)LIR—R PR DEEIC3E
FEAIRES IS T, RERE T LR DT,
I EAHDENTE, F/E, LD
AL, BENESTH D,

E1ICHEYY hDBEZRI . ME
R NMEIFHDAY Y EFEDF 12—
TEBRENTED, AV ICIIAEEE
EDFBHEOANRITON, ¢13DTEH
EAEICEBLTND,

ANYHZIE6~8ADF 1 —T Hl 5l
[CERD R FENTNDF 1 —7 DORIE

(CIFP3DMEEA14ARATI L THERE
nTHEh, ZOFZERENRND.
R2CREORRERMEEDIHZ
RI.—ME350 mmODEEHH o718
BTE REYYMECEELEWCE
HERTED. ZORDORMEY Y NRE
BEF4~7°CTHHLTND,
R2ICABRENZERI M TKTKE
10~15°C, MES5 L/minl LDEHT
300 W/m’l DM E ERERL
feoF T, RENMEMT D& TRISRE
NEEINTE, AEAETHDE=E
B Oyt
LEDERNSREBEERD DI
ThAEEDHFEZFALL, SEMNK
[CERLEYRTLOAREEZRHU,
(ZEBMHBIEELRE)

Fluid Ground water

Antifreeze

W 600 X L 2,500, W 600 X L 5,000 mm

Size
W 450 x L 2,500, W 450 X L 5,000 mm
Outside temperature z0°C = -10°C
Fluid temperature 10 ~15°C 10 ~ 70°C ]
Flow rate = 5 /min = 5 L/min i
Arrangement Single - Series - Parallel ———

Snow-melting capacity

= 300 W/m?

@13 Inlet

Tubes Section A-A

BMEYY hOME () 24E (ERE) (b)AYFD

BiE (o) F 2 — T OE#EIE

Appearance of snow melting mat (a) sample (short
length), (b) appearance of the header, (c) cross
section of the tube

RN
LV Snow-melting capacity

Inlet water tempature: 15°C Outside temperature: 0°C  Unit: W/m?

Flow rate (L/min) 5 10 20 30
Single (5 m) 766 958 1,129 1,200
Series (10 m) 576 826 1,038 1,131
Parallel (5 m) 541 762 945 1,026
m BhERE HRERRER (AFEEE) Inlet water tempature: 10°C Outside temperature: 0°C  Unit: W/m?
(a) BERR (b) RERRE Flow rate (L/min) 5 10 20 30
Single (5 m) 486 639 753 800

Confirmation test (parallel)
(a) snow melting condition, (b) surface temperature
(condition: ground water 10°C 10 L/min)

Series (10 m) 384 551 692 754
Parallel (5 m) 360 508 630 684 I
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F1HANEBRDEREEEEEZRN ESERT
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fiZE - TRILF—FER

MEHDI Ty NIVIVPRERDI—L Y
MEELT, 7ATUTILOME, WRESH
BRICI>TNET,

EFIZuESLT

B HENESHY)
W EEHE

MY IYCIVEHK HNM® Y —X
BWMVMERHECTEREICENCHKTRT
9o CAEICKDVZal—yavEMzEREL
feZ7RY NV T THEBEDRRDDEN -
BREHMCEMLTOLET,
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RE, MEKE - WEEEARDSNZEEED
ESRIRICERASN, BBEOREERER L
[CEMLTVED,
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N7-IL7MAZ92
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FAILBEAE NEOMAX® U —X
BLEREMAMEZEEFIEEBLTERL
ERBESAVFYIL, BE8E, EEEMR,
RELGEONE - BRI, SHNL, SHRE
[CEMLTVERT,

7151 A NMF® 2U—X

BAKEERSELIEIANTA—T VR
CENZBATY. BN NMF-152U—
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BE-SEEERWICKD, BEBOREREG
PHEBNEYEHEL, RIEBECENT
VT NIV ZERBL TN D,

I3y Rt

U3y RME, BESEZHDEDEEES
BMETY, 2ELEBEAAEHERZIET,
B_SETIEESONEL, ENHEEREL
ESCS

HMEZERO-IL

EROMLE - HFREHUEFITEZED—ILTIS,
B, FEKEEA, FEBALE, SRSF
BREERO-ILZSREIFLTVED,

LTS

Eaw
l_
B ]

YA70—3vhkO—5(Aera®-SAM®)
ELKEDEBEVWHMRAICEERADYR7O0-3
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