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Highly Functional Covering Materials for Cables Using Silane Crosslinking Technique
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=
Shingo Ashihara
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Takashi Aoyama

BERIL-—BEOBBRT— 7V OHBHMHRICERRMEZFT2ILMBPFERSNTS
), EXHXHHEIELEYT 3 ILBEZMETSLDICE, FFEZEENICHESTIRELY
IHEFAVSND, VT UEEE, RELEROIXILY LB AKRRERFEORETH S
ZEDS, MOEBEHRXICLNTREY - BEEICERTWS, LALENS, FUIFL 2 (PE)
NIBSCRAZNTVRHDOND, SHEIELEREZFTHIHEMR) Y —~OEAGIZ DB,
2T, ERMPIAMICEBNAERMERUIFL Y (CPE) DY 7 BRI E1To %,
CPE MIMBAEFICHRET B AR E2MROVICHETZIRERELTIRX EEYEREL %,
&5, CPELDHEBMAIRFLY Ay TV JHERVWT, REARDERELS YT
757 NEQBIRIEOWH ESVEBIFMEMILIL 2. COMBERWES—TIVEERLEZES
5, RIFEHBTHBEBHMPEL TORMEEHMET 5 E&HEL 1.

Because of its flexibility, rubber is often used as a cover layer for cables such as those
used in harbor cranes. The chemical cross-links that exist between rubber molecules
improve its elasticity, resilience and heat resistance. From economic and environmental
viewpoints, the silane cross-linking method offers advantages because it uses less energy,
and large-scale equipment is not required. However, although this method has been widely
used with polyethylene, it has only rarely been applied to polymers with different
functional groups. The present study investigated silane cross-linked chlorinated
polyethylene (CPE), which offers excellent flame retardance and oil resistance. It was found
that the use of an epoxy compound as a stabilizer can effectively capture the hydrogen
chloride generated when CPE is heated. Furthermore, by using a silane coupling agent that
has good compatibility with CPE, side reaction that cause molding defects were suppressed,
and a high degree of cross-linking was achieved. Cables were fabricated using this material,
and it was confirmed that they had a good appearance and mechanical properties.

@ Key Word : 5 %48, CPE, 7—7J b
@ Production Code : % L

@ R&D Stage : Development

1. #

FXTIAXT =T NVIIBEH I L -0 R L R—% —
GECHHENEBETr — 7V TH Y, WEMEHIIIZSE
FMEEET L TLMEPHCONDL, TLG5 T ELHR
IHEST AEI T AT A RIS FETH Y, Hix
PRt Bk 7 & OFEMINE AR T AMBHIA G- 2 72O I
LT H 5

W - F— T VGBICB AR LTIE, MRt
WOBSRIZ LD EL LEEER T VA V2R 2 85
L AAEER B A 3 2 B HAUEE L LI X ) R
VY= FALEEET 2 HENECERSR TS Y,
NSO N FIIHEM ORLE R M Z NG E R b DI

FTHIENTELN, 7 — T VBB HOEEIICE LT
G DRI ANF—R KB LR A LEE TR EDT
AUy bSET 5,

—7, WEMORMEE TS YAy 7Y VTR ERY
R=TIHE(YS I 7 MR S¥HI LT, 7 —
TIWVHBERIKGOIERIZE Y T v hy 7Y v FHl %S
LTRY—RL2EET LTI VEBEIMONTWY
%o OGS — T IV O GG RUBIN | S E R
BBROZMELEL LW E2b, BREE (KT 20
F—) RREFM:, WIS OREMELREIIBWTAY v b
Bd 5o

T VHRGHRIZILH AR ) < —Td 0 LR G A3 LR
ficTdhbHAE)TFL Y (PE: Polyethylene, LN, PE &

% Hi @@k et By > os=— *

8 Hi £ Bk Vol. 33 (2017)

Cable Materials Company, Hitachi Metals, Ltd.



o7 L BERGN & AV oS EE BRI E M ORS

RT)NBZELBEHEINTWBE OO, Fie OREREMERY
T —=ANOEIE TSI T TR, 2O HE LT,
BREMZ2 T 2 EREOEE L EICLY, V50757
MRISOHIEAEE L 25 2 EB—RNEE 2 BNLAME,
T O T HERVE R 22 SN, WM E LTEHE
HENTVBHEERF I —DVOEOTHLHEEE) -
F 1L ~ (CPE : Chlorinated Polyethylene, PLF, CPE &
R Yoy oy g7 MRISHEEMERETL, YT v

BGEE W2 — 7 VM~ O % Tz

2. U7 URERW

2.1 EZRICHE
K 1IZPE ZBl& LGB DY T ¥ BUBOALF S

BTV, RISHEEY S v h v 7Y v 7 A% PE IS
THEYIUTTTNBE YT YAy T v ZHIEL D
BTHEEICICKNEND, ¥ TV 757 PEBIIBW
T, EUOITBBRILWOBRGSRICEDELT VA ND

[Main reaction]
[Silane coupling agent]

OMe
|
[Peroxide] xS~ ome
ROOR Radical OMe
Heat (Graft reaction)

ENTHoOKELZT &L 2 ETPESTICEET %,
kwTTﬁﬂ% EEHTLYT Ny T VTHING I h
VAENMT A ETYS 2257 PE (a) KT 5.
ZDYITVTTT7 MIBICBWTIE, PEGTICER L
I VA VRS U7z PE 22461k (b) 284K 3 4 Bl RS
WhHb, BIISOLENEE S E PE OREITEIMET L,
BIBTOREAEPELR T B b, Y9757
PE (a) 13K B X OCQEMBEOERICE D X &2 K&
(-O-Me) 252 & T, yax¥ Uis (-Si-0-Si-) #
BRGEILE L7239 VAU PE (o) L%,

T VHREOALFIOETIX, 79 7 M UBEHIZB VT
AR (=7 VEEORN, MY QK E % 5 86
ZVHPICLTHIEST 2 22 ICHE L 2 5,

2.2 —7NEEO+R

F212v T YBEME 2 r— 7 VR EM E L CEMT
LBEOBEEEERT, R=ZARY—=IZH LTIV
Hy TN TR, BB Z T, WEMICERINS
TR % R S B 720 O ZAEIA (RALH], H—Rr T

OMe OMe OMe
H,0, catalyst

S"OMe — SI\O/S|

OMe (Condensation) OMe OMe

[Polyethylene]

| Silane grafted PE (a) |

| Silane cross-linked PE (c)

[Side reaction] §_

(Self-combination)

| Cross-linked PE (b)

1 I RBOFERICHEE (PE DI5SE)
Fig.1 Chemical reaction scheme for silane cross-linking of PE
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Fig.2 Cable production process using silane cross-linked polymer
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22T, @2 THOYI T T MEEB X RS
BIZBUIDRER, I 0y 7)) v 7HIOBREMBHGT
oz kL7

3. KBEEFE

3.1 RERIDKES

RIUIWRTIHIWCEEHE LTS HHEhTw54
By, HRSLEY, =R I IAbaWamaize LT
BE L, 22T, @EBILWIIBKRIRTHY, ARG
G L ZARF ALEWITER (B 20°C) 12 THIFA 2k <
H5bo HEGILEWIHILSETH 28 T-230 T &0
I, TRF ALEWIIHRETH 5 TR F L EPGTR
Ui \AFIEL TV 5%,

31289 JISK 6723 (23 U 72 22z e Ph sk (IR 1
170C IR ) 12X 0, CPE % & BilE L 723 bk FE ol
2 HBK L7z FEBRIZ CPE GEREARE 36 (HE%, D
Twt%) 2 100 & LT, FIICHEgtme LTy
27 IVt F ¥ K (DCP: Dicmyl Peroxide) % 5 & &k,
FAEG A % 5 ERH D A A ZZRE R & A VN AT
BL, arya—Ly FEIEILKREICLVEBTLETO
R SE IR 2 P AE L 72

®1 RRICEALULRER

Table 1 Stabilizers used in the experiments

Stabilizer Characteristic*
Metal oxide Powder
Organic tin compound Liquid
Epoxy compound Liquid

*at 20°C

10 HiI£E#HR Vol. 33 (2017)

Purified cotton

Congo red paper@ A mechanical
N\ stirrer r

100 mm

70 mm

CPE test I:‘ ’:I
specimen

170°C oil bath

M3 HREMEABRSE
Fig.3 Test method for thermal stability

3.2 CPEANDYZ>J57 Mt

F 4RI HWCY T 797 VERZIT- 72,
CPE100 & H0I2 31 12 TR DM RO B WREH % 6 E i
AR AA TR AR L, BBt EBR LY T v
Ay 7)) TR GEBIEMB LY S hy 7)) v 7RI
Zw) &L dHbETHMBRIIHG Lz RR2IIKRT X I,
PEICCHMAEEE DL H v 7Y ¥ 7H (Nol) &
CPE L OMBEMZEZR L THTHEL VEHR I N, BR
/%5 A —% (SPf#i : Solubility Parameter) ¥ %% CPE &
TN Fohy 7)) v 7H (No2) w7z, SPHIZILE
WO EZRTIRETH Y, WHOMEIENITE (B 1.0
DI M LR W 2 EAYEBRIICAI S R Tw b,

HIHAE S ) 73 190CICEE L, WA REIEH 30L&
AL MBETLIETYS 757 CPE 257
(Stage 1)o ZD, ZAGMEEZ D AM 60T, 24 KR,
AR E 95% DG TR 2RI AL TY T V4
1 CPE Z1E# L7z (Stage I ) o

FEEOFETER L 2388122 nw T, BRSO 3AIRN
PS5 72012, R —ORBRIROESGVERTS
Vo EE g & R T )7 B 8 (AFM : Atomic Force
Microscope) & IV 72 KEDOIRB L it~ v ¥ ¥ 7%
5217572

2T, FVGEREEEEE ] mmoE Sy - MEE
L, #05 gx Hix&ME(HM X045 mm) IZH AL
10T EF 2 L 22T 24 W0 U782, fhimr o #08
BRI T 2MBBORBEROKRE (H53) » o5l
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Fig.4 Schematic diagram of process in silane grafting experiment
x2 ERICFEALLEYZHYTUTE

Table 2 Silane coupling agent used in experiment

Silane coupling Solubility Compatibility
agent parameter* * with CPE
No.1* 7.5 A (Insufficient)
No.2 8.7 O (Sufficient)
* Used with PE
** Value for CPE is 9.0
+
4. EREREER

4.1 REFDHREHER
% 3K AR 7 W 72 B o By Vs ks B 2 R

To REAE LTTRF LWL RE L7 CPE dflh e
HATHLER R <, 30 MM L Tdara—Ly
FRUICEMIZE OGN ad ol TRIZED, ZHRF LG
Y01 CPE 7% & iflE U 7235 AL K 2 o2 #4] & Tl
RIIHIRT 22 & T, BEEOESEZIH L TnbH 2 &3
RREIN 5D,

K3 HREMERRER

Table 3 Thermal stability test results

Stage Il
Silane cross-linked
CPE pellet

Stage I
Silane grafted
CPE pellet

Addition of

catalyst :

[60°C, 24 h
95%RH]

RS L, #EdE Stage I TOXNVGRTHY 5275
7 b OGS ORI FOL DHEATEAVITHIE L TWb, Ko
SRR O HESHPHIE 7 — 7 VB & L CHEMT B0
WIEE & G E A BB L CREL- DD TH %,

PE X CHEMHERDH LY T H v 7)) v 7# (Nol) T
X, YTy ) YRR EBRM A RIS E, VT
> Z8KG CPE OGN, ¥ 5 v 757 s
BORGOSBEICH#ET L TLIVHEZME TS 2 L8
T&RDo7ze ZNUIH LT, CPE & MBI TV
SUHhy T IR (No2) T, ¥J V44 CPE O4UE
FEABEI LT ¥ 5 757 MUBHE DRSO HEFT 250
flsh, HEZMET 252 ABTIE0TE

K6 iCAFM %W/ 5757+ CPEXHO~ v
Yo7y xmd, (a) ORGIETAREZROM M Z /R LT
BY, W 0EHE R (M), BB IRV 5H
(M) #8LTwb, Nol BXUNo2D Y5 h oy
VY # %2757 b L72CPE & QISR GEELZ L
WTERPoTe THIH LT, (b) OMARBGIE R
DS ERLIZDDTHY, HELWERERTEZ Y v E Y
FLIeHh v FUN—DMMENIKE W (RS 20 \) FH,
BRI A ZEAVN S W () IR E R LT b, B

Stabilizer Thermal stability (min)
Metal oxide 6.8
Organic tin compound 9.8
Epoxy compound >30

WG & TR TREEN 2 &5 5172 Nol D

30

Silane coupling
agent (No.1)

Silane coupling

T®  agent (No.2)

ZARF LAY OEACK TR S BB & LT,
WIRTH Y CPE 5 TH TOWMBESAKENZ LITMZ T,
WM TH 5 TR VDG T RIGIHFAET D 7201230k
BEEDNS CHILRFRERFER IR TE D720 LE 2
5o

KR LY, CPEDOY T Y757 MRENCBWTIZ%E
ERE LTI RF UL E LI L& LTz,

4.2 2057 MEEHER

K527 V4G CPEDEGEL Y T V7T 7 MRS
BOBEIISOMEATESCOMRERT, HilIK41CB
3% Stage I TOX NVEHHRTH ) kM7 CPE OLUERE

25

Added to silane
coupling agent
15 and peroxide

Gel fraction in Stage | (%)
(side reaction degree for CPE)

(6]

0
40 50 60 70 80 90 100

Gel fraction in Stage Il (%)
(cross-linking degree for CPE)

5 YILUEECPENEBEE TS 7 NRICEDEIRICDRER

Fig.5 Relationship between degree of cross-linking of CPE after
humidification (60°C, 24 h, 95%RH) and degree of side reaction
after silane grafting treatment
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Syhy Ty THI%E ST L7z CPE T, HVHEIR
PRELLTEY, ZNSOEDDEUSIZE D AR L7
CPEAEHRTH L b0 LHEWNT 5, —F, No2D¥ T v
Ay T TR %S 7 L7z CPE T, NI %
BEHATHY, RIUSTHHI SN THwEH0LEZ S,
DLEXY, AFM 2 W zfififf~ vy ¥ 7IcEh v 3
v 797 b CPE XHE ORI UBFAREL LT 2 &
NTE, ZOBE»PSNolDYSUHy 7Y v 7HIZ
CPE L OMEBEEMEL, CPEGTWCRBLZS VHIVE
EHAEERHEE LR T o TWBE I AN SR b, No2
@/7/w/7u/7ﬂu CPE L oML w < CPE
ST HICEEICSET A2 05, CPESTICSH L
7/ﬁW&/7/ﬁ/7U/7%@@KE<777FKW
T5LLHIC, CPEGTHEoEEEG*HETLZ L
T, VLG L RIPOSOETHHR Z ML TE b0 e
A5

6 32977~ CPEREDAFM 7 v E> J1% (50T)
(&) >Z>hy 7V T& (No1) [ IVHER (Stage I) : 18%]
(B)>Z>hy 7Y TE (No.2) [V 5EE (Stage 1) : 5%]
(a) Fik1& (b) (B

Fig.6 Atomic force microscopy images of surfaces of silane grafted
CPE (50°C)
(Left) silane coupling agent (No.1) [gel fraction in Stage I: 18%)]
(Right) silane coupling agent (No.2) [gel fraction in Stage |: 5%)]
(a) shape mapping image (b) phase mapping image

R4 T—TJIL-XOEEER
Table 4 Properties of cable sheath

5. 7= 7 VHEBMADER

r—T7NWy— R (RIMRERE) ~D ¥ T 2446 CPE O
HEME L7z, 4R TOMEAELZ D LIILT, =7
V=AM E LTER SN DR Z iR T 5 72 123k LA
A=K T Iy o, WHIZEZRMLIZY S5 7 b
CPE a8y ¥ FaRERL 72, ZEMGMEE & ML 1k# %
CPEIZHRD AA S A Z — Ny F L L {2 —7 VG
ARG L, 27 (8841 EPDM (5L > -7
QYL Y- VL an) ke P L7 ER) ~ B L 72
F=TNVEEELZ, B5N2Tr— 7y — 205k
IEC 60245-1 (# %4 53 : SE 4) (ZH#EHL L CFF-Ali % 47 -
720

X 7 W AER L 72 — T VOB Z RS, ¥ — AKX
FWHTHY, F—7VOMNRE L TTHRICRIFTHLZ L
ZHERE L 720

§4_&—7wy—x®%ﬁ#%%fio%mbt¢
NTOEHICBWT, HEZT5ICHET 5 2 L 2 iR
720

PLEICEY, #¥—T Ny =2 LTY 5 44 CPE
BT EHPRTH D EITRENT.

Sheath
(silane cross-linked CPE)

Insulator (EPDM*)

* Ethylene-propylene-diene terpolymer
7 VI UBRECPE EHWAET —TILDSE
Fig.7 Appearance of cable using silane cross-linked CPE

Item Test condition Requirement* Result
Tensile strength (MPa) =10 12.0
Tensile properties 20C

Elongation at break (%) =300 447.0
Retention of tensile strength (%) =85 101.0
Thermal aging 70C, 240 h Elongation at break (%) =250 430.0
Retention of elongation at break (%) =75 96.2
Variation of tensile strength (%) =140| —16.2

Immersion in mineral oil 100°C, 24 h
Variation of elongation at break (%) =140| —24.6
200°C, 15 min Elongation under load (%) =175 23.7

Hot set test 0.2 N/mm?2
) Elongation after unloading (%) =25 —3.1
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25 Gbit/s/ch X 4ch ZE{EB{EXTr—7 ) OE/7OX =71t

Crosstalk Reduction in 25 Gbit/s/ch x 4ch Differential Signal Transmission Cable

R 75 REE = FE & A FE
Hideki Nonen Takashi Kumakura Yuki Haga Yosuke Ishimatsu

R s

Tzumi Fukasaku

21U BltE:

Takehiro Sugiyama

BB, EESREARENEHERERMHBIIET, BXK- A¥ 1 — 2 KR L -EFESEXT —
JJVTOMNIBIT"] #B8% L /=, 25 Gbit/s/ch X 4ch ZB)EBGEXET—T N7 vt TUELTODE
AEiCh =Y, BEEF v XILDOEBX/ 1 Xtk~— > (COM : Channel Operating Margin) 3 dB
LI EH IEEE 802.3by TR®HLHNTWB, ChEiEAdICiE, EEXICMA, ®E/7AX =70
BEPDEELLED, SEH, ERABNICEZ3 5y —JUEERDT S FECBEE %L, 7OX h—
TN EWT—TIVERBEEREREL, 7¥— 7K 3 m ORIV FILESREL, BIHEYE
iE (FEC : Forward Error Correction) & L, £ N2 = (BER : Bit Error Ratio) 10" ®F + XJL
SREZMGICHNT, COM3dB IEEZFHL £,

Hitachi Metals has developed OMNIBIT®, a low insertion-loss, low intra-skew differential
signal transmission cable with a co-extruded insulated structure that enhances the
electromagnetic coupling between two signal conductors. For 25 Gbit/s/ch X 4 channel cable
assemblies, the IEEE 802.3by standard requires more than 3 dB of channel operating
margin (COM) for practical use. To meet this requirement, low crosstalk must be achieved,
in addition to low insertion loss for the raw cable. Hitachi Metals has developed a low-
crosstalk cable assembly by conducting an electromagnetic field analysis on the cable end
structure, and has fabricated field-grade samples with a cable length of 3 meters and
verified that they achieve more than 3 dB of COM under non-FEC (Forward Error

Correction) channel conditions with a BER (Bit Error Ratio) of 102

@ Key Word : Crosstalk, COM, Electromagnetic field analysis
@ Production Code : OMNIBIT®

@ R&D Stage : Mass-production

1. #

F—F by —RA—8—3 V¥ 2 — ¥ OREIN LI
&, TS EEOEHFA K2R, BIE, 1F v %)V
720 DEFIREEEHD 10 Gbit/s 725 25 Gbit/s (LI,
25 Gbit/s/ch) \IZBATL22H Y, 2015 4ELIKE, 25 Gbit/
s/ch 5% 4 F ¥ ANV HEE%ET 5 100 Ghit/s fm%EAS
HHEN TV L BRAETOEZICIIEHESH O
ZOREHBERICIZIA I NV =T VT vy 7)) dMlibh
%o 25Gbit/s/ch % TlZ, IEEE 802.3by 2B W T 3 dB
U EDERZEF ¥ A NVDESH /4 A~ —3 >~ (COM :
Channel Operating Margin) 2R Xh Tz Y, 2h%
W7z, =707y 7 ofEEk, KAF2—
PEREICZ, K7 g A b= iDL b,

H V.48 T, B okl O B#S & 2 Mo 5 2 & T,

HERAF 2 —DEBAIMETH L L Z AL, 240
B~ T 5 2 & CTRTHERRN O BB A % iR
7B E B 5% — 7 )V OMNIBIT® | 2B L7227,
OMNIBIT % Fiv7z 25Gbit/s/ch O r =7 V7 vt 7
Ve ERET2IIH20, F—TVEEROK s o 2 b —
ZVEBEDIRE E T2 o TV

LRl r—TNT vy 7)Ora R b—rknEE
HIZ, BRFVRNT 215 L7z — 7 ViR B ok wE et
BATolze FORER, I —TIVIREOMEZ Rl &
T, 7 UA =7 OMFAW e 2 & 2R L7z, S 51,
LR LTy —7IVIKEIC X B =TT vty 7 ) &R
1§, FEC (Forward Error Correction: Fi /7329 211F) % L,
BER (Bit Error Ratio : ¥ v M) 102 0F v F Lk
LIBT3 dB ULl COM #EH L7z, AHTIE,
ZOBENBEIZOWTHIET 5,

% Hi @@k et By > os=— *
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25 Gbit/s/ch X 4ch ZE)ESmETr —TIDEI7OX b—U1t

2. ARER

2.1 F—TIL7yt>TVUDEE

PSS BAEBE SRy — TNV T vk 7)) O A
WCRTe BEXWTY—NVEFETr =TV 8REHRVELETY ¥
o NEEE, FOWmMMICa s ¥R N RE T,
4 F v 2V 25 Ghit/s/ch 55 % BT ME%ET %o

1 25 Gbit/s/ch X 4ch EBEB{mET — TILDSER
Fig.1 Appearance of 25 Gbit/s/ch x 4ch differential signal transmission
cable

=7 WIZIE 2 s - — 7V OMNIBIT % v
bho F—TNOMEZRI 212, JEE - £EER1ITRT.
HIRIATH B3R ) =F L v ORNEIRE, 28T —
FAYE=F V2100 Q2745 L9, HiFAREIREE
FHERNLE 2 B L RS MRS %, Mk IR I
i, =7 VEFEHNHT — T2 iRbE T R A S

(a)

Shield tape
(longitudinally wrapped)

Insulation

(b) Core

Jacket

Braid shield

Shield tape
Buffer tape

Buffer tape

2 F—JIiEE

(@) OMNIBIT® D#AFEE

(b) 25 Gbit/s/ch X 4ch 7 — 7L O EHEE
Fig.2 Cable structure

(a) core structure of OMNIBIT®

(b) section of 25 Gbit/s/ch x 4ch cable

ZWCED =NV IFRRET S, BN RTr—7 NV TIEr 7
Y NEERO 7O N LA Yz RbE 575, ZIUIERR
AFX2—% %L LERNE RS, £ TOMNIBIT T
X, FLA VBERbELRWEEZE > TW5S,

=7 VIFEMEERIS IR T, =7 VORI,
TR 4R, EIZ4AER, 2.8 -FHEEr—7 V%L
ATEHRE LTS BV A — FER AT 2. 7 —7ViZA
TERERER & B o BB 12 I1Eh — Ry VEE D 95 1T,
RO R F (LET T 7 V) IZELAATIHRET
52 L CEANGEREZFEHT 5. 7S PV — FERIZSE
B — 2SN TBY, &fRTTIrarrseh
%o

®1 T—T7IOTE -

Table 1 Cable dimensions and specifications

Item Description
Diameter 0.404 mm (annealed copper)
Conductor
Pitch 0.80 mm
Dimensions 1.37 X 2.62 mm
Core Insulation
Material Foamed polyethylene
Shield tape | Structure Longitudinally wrapped
(copper/polyester)
Buffer tape | Material Foamed polypropylene
. Tape (aluminum/polyester)
Shield Structure with braided wires
Cable
Material PVC
Jacket
Outer diameter 9.1£0.3 mm
Plug connector shell
Paddle card

(Printed circuit board)

Cable

\

Plug connector shell

3 F—TJIirRiEE
Fig.3 Structure of cable end

OMNIBIT (277 ¥ FEmHO F L A U #ER2% v,
FDD, NNV —FRIEBRDTT Y K28y FE—VF
T—T AT A, Y=V FERHOm T2 ML
TERTLHEE, 79V Fy FIZYy =V FF—7%KE
BT 2 HEVH 5.
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2.2 HEBE
ABEOHESEZE2IRT, Y¥— 7T VEIR, F—
Fery—IlBr5Ty sNEBRORKEZHEZL T3 m
L35,

&2 25 Gbit/s/ch X 4ch & — 7LD BiE4EE
Table 2 Target specifications of 25 Gbit/s/ch x 4ch cable

Item Target Conventional product
Insertion loss (12.89 GHz) = 15.5dB 14.0 dB
COM (IEEE 802.3by, non-FEC) | = 3.0 dB 1.9dB

—WRIZ, =TT vy T OGRS 518
e LT COM MEMEN%, COMIE% FEC T ¢&
WCERINTAZET ¥ AWV T 2B TR 4 A~ —
¥ T®» Y, IEEE 802.3by TiX 3 dB UL EAER SR Tw5,
10 Gbit/s/ch X dch D —7 )7 v+t 71D COM i,
FEC % L, BER 10" ®F ¥ A Vi E&MIZBWT 19 dB
BETHY, 25 Gbit/s/ch fmkicxt LTHaatitz o
TV,

BIFRET0 /4 A~ —3 v COM 2R3 5121,
F=TNEr =T WERORIIC, KIEE, KA F 2 —,
K7 ax b= OUREPLEL % 5. OMNIBIT 12155
BRI OB G Z RO 7MEY 2, ¥ — )V FERmIHN
53 VE— FEROBELZITICLL, o, MRz ¥ —
VEF—THEE®Z V=V FF— 75X SRR 22k
HIR (v 777 M) BEELLZV, IRBHIZXY), F—
TNEFIZOWTIE, 3Rk, A F2—, K70 X F—
2 OWREEZFEILTWE, — T, F—7IERBIzon
T, SRV A— FERO 75~ FEERBSEIKE L7227
TUAN=20HY, TOEENCOM 2 HLIETVD,

JURAM=273ETHREOBRTHETHY, BoHoM
MW, 250377 ¥ FEREIKET 5, 2, BR#ERO
IKBODT T Y FOREERELZT572DTH 5,40,
[VSENVA—FERDZ S > VgL [ 75— 7 VS Tk
Berlb OfEE ] oW E EERICEES 5 2 & 2 B, #
MEEMOME %217 70 R b — 7RI R0 7% —
7V Vi A & IS X D AERR L 72, 25 Gbit/s/ch x
dch ZEMESIEREr — TN T vt v 7)) % FEBIEMEL
HEAMEA S COM 2R L, TOMPEMGET %,

3. AEFE

3.1 JF—JIViEREBEDEHRBER

70 R =27 OFNTICIE, HREREEZH W 3WLE
WFIRNTY 7 N 2T 50 BT SR O T 7V 2 1E %
BMADHZHETHIEICEY, EF XA NVDr TR
=2, BIUOBEBRBESMMiZRD L, 72721, 25 Gbit/
s/ch X 4ch ZBEFEREY — TV DEF X 2V ZIEHT§
BDII R R EM L E R 720, BTN R% —Eo
FXYANVIIRET 5, BHETHLF YA VEOZ7BX b—2
BB RKEWZE, NFVH— FERONEIZBEXZ L
T - EANBTHLIEEEEL, /SFVH— FERERE

16 HBi£BHER Vol. 33 (2017)

DOBEHET v AV, REREORET v A VE O 7 T A
=2 IZHRE L 723N 2479 6

AN RETHF Y FINVBIOIOA b= DEHRLR
4R T A =27 %Z} A (Victim : #5E#) %
INENVH— FEREROF ¥ AV TX3E L, ZHA b=
7 %Y.z M (Aggressor: EH) %, [A—H LOBHEF v
ANV TXL E LT ERERO 7 =2, BXUO, %
WMEMMONTF v 2V TX4 & L2THEBEHO 2 a2
b= ] &R %,

Channel TX3
(on top plane)

Top plane P

Bottom plane

Crosstalk between
adjacent channels
Channel TX4 on the same plane

(on bottom plane)

Crosstalk between opposite

Channel TX1 channels through PCB layers

(on top plane)

4 BMMROF v I ETOX =T DESE
Fig. 4 Definitions of channels and crosstalk for electromagnetic field
analysis

ZaA =27 OIFIZIE, NSFIVAH— FEREROF v
AIVHE, BEXUNRFIVA— FIEREREOEMIZZ T~ B3
Y —VEBETHIEPRENTH L, LELEHIS, F
TR AR CIEERE— F L V=¥ VAR T T
b7, INFI— FEROEBEFH Sy FETREIZIE, %
ERERERT H7200T7 v F 28y F (7T v FEDRT
BB 25 9 1F, E#A v E—F V22 Emo bHE%
L BWED D D,

FRNTS % r — 7V Al 2 R 3R T BRI

}3 BWHROT — TIViHREE

Table 3 Structure of cable end for electromagnetic field analysis

Structure

Micro-strip line,
4 layers, shield
tape soldered on
ground pad with a
quasi-drain wire

Grounded coplanar
waveguide,
6 layers, shield
tape soldered on
ground pad with a
quasi-drain wire

Grounded coplanar
waveguide, 6 layers,
shield tape soldered
directly on ground
pad without a
quasi-drain wire

Number of layers 4 6 6
Signal line Micro-strip Coplanar Coplanar
PCB dimensions| 16.4X22.2 mm | 16.4X22.2 mm 16.4X25 mm
le_ferennal mode 100 O 93 0 93 0
impedance
Pitch of
ground via 3.0 mm 0.6 mm 0.6 mm
Shield tape |Soldered on ground|Soldered on ground Soldered directly
" i X . X on ground pad
termination pad with a quasi- | pad with a quasi- . .
L Lo without a quasi-
method drain wire drain wire

drain wire




25 Ghit/s/ch X 4ch ZENESmEr — I DEI/OX b= 1k

DFFAT R P $0E 50 MHz 75 30 GHz & L, JE¥E ke
10 MHz &9 %, f#H¥ri interpolating € — KT\, B
OIURSEA: (A S) 1% 0005 &35,
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[6 8 GCW &EAHTIZ, ¥ — v FEFRHOMT2 Hw
T, V=V FF =T RN S — FEHRICEEERT 5.
g, EWmREERELL, BERNEO S v FEE
THILT/7URA M= KBEERTL2HDOTH 5,

3.2 ®EYLTILO COM

(68 GCW &EATT D/ KV 71— FIEMR 2 8L
F—7NVE2m, 25 m, 3 m®25 Ghit/s/ch x 4ch )
BB — 7 V% COM % EBIZFHET 5.

Z7OA M= OWMEICFI6R—F Ry v T—=2TF T
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Ay NT=0TFIAF =68 v F A7 74 VX
TTHr—2 &Y ML, BEEHEY 7 M2k ) COM &Ko
%o COM % iz, IEEE 802.3by @ FEC 2 L, BER
107 OF v AVERESRLZHHT 5,

4. FER

4.1 r—JIViGnKREBEEDEHABITER

[FEMEREO a2 =2 | %2E 512, [FERERO 7 0
AM=27 %R 6 IR,

[4 7 MSL & 1 & 0 3 [6 8 GCW & ki
DB, FEWERE, EREHOWTILos A M =27 H/h
W E MR L. 2L, 7SNVl — FEREED T
SvFy FasL— %74/?%%:k,ﬁ%ﬁ%ﬁ%ﬁ
TIZT v FRy FaEGZWT S FeNBICE> T
[EEO 70 A =27 | DMERT 5 2 & 2RTHET
H5bo

F7:, [658 GCW &¥fedin -1 & 0 b [6 k8 GCW & A
FIDTiH, EWEEOZ T A b =2 HVNE W & LR
L7zo 2hid, LoZFRITMA, B9 iEbilE T on
J&27 5y FRWET LI ETIHEREMO 70 +—7 |
MERT B2 L 2 RTHERTH S,

SHH D — 7 IV I ARREE T g o 7 a X b —

7 ICBEEREDBROSND Z Lo h ol £2T, 5
BT A BT D 2% KV A — W B0 % B S RAT
WCEOBZE L EHRER7ITRT,

Magnitude (dB)

Frequency (GHz)

5 HIRREO Y OX h— 7 HFTRHER
(a) 4 B MSL & #ZE#tin T
(b) 68 GCW & #ftin T
(c) 6 /B GCW &EffS

Fig.5 Analysis results for crosstalk between adjacent channels on
the same paddle card plane
(a) micro-strip line, 4 layers, shield tape soldered on ground pad
with a quasi-drain wire
(b) grounded coplanar waveguide, 6 layers, shield tape soldered
on ground pad with a quasi-drain wire
(c) grounded coplanar waveguide, 6 layers, shield tape soldered
directly on ground pad without a quasi-drain wire

Magnitude (dB)

Frequency (GHz)

6 EREBEODIVOX b—JEEFER
(a) 4B MSL &##timT
(b) 68 GCW & HEftinF
(c) 68 GCW &EfF(F

Fig.6 Analysis results for crosstalk between opposite channels
through paddle card layers
(a) micro-strip line, 4 layers, shield tape soldered on ground pad
with a quasi-drain wire
(b) grounded coplanar waveguide, 6 layers, shield tape soldered
on ground pad with a quasi-drain wire
(c) grounded coplanar waveguide, 6 layers, shield tape soldered
directly on ground pad without a quasi-drain wire
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Quasi-drain wire for
shield termination

(a)

Conductor

Conductor

Isurfla_per_m]

5. 0000 «00
. B429%e+88
Y. 2857e+00
3.9286e+00
3.5714e+20
3. 2143e+00
2.8571e+80
2.5000e+00
2.142%9e+00
1.7857e+00
1.4286e+80
1.8714%e+80
7.1429-01
3.5714e-01
0. 0020 +02

T —

(c)

Insulation

7 EERIALZERSOERAKMEOER S
(a) 48 MSL & ZEftinT
(b) 68 GCW & EftinT
(c) 6B GCW & EffiF

Fig.7 Electric field at solder joint point of paddle card, sectional view
(a) micro-strip line, 4 layers, shield tape soldered on ground pad
with a quasi-drain wire
(b) grounded coplanar waveguide, 6 layers, shield tape soldered
on ground pad with a quasi-drain wire
(c) grounded coplanar waveguide, 6 layers, shield tape soldered
directly on ground pad without a quasi-drain wire

[4 )8 MSL &Edbedn 7 11378 Fov o — FHEME I % ik
T5275 Y FEENBICR RV, T (Ko k
) DB HAEE (KO T I2)EAT > T B BT A30E
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T

[6 Jg GCW &$beim 1 | (XM I % 5% 75 ~ F
BEWNBIZHEDbOD, /S FVh— NS E 75 v K
@RS NE 7 T v R L Wb § 2% 221 T, 2k
W O BRI ERER TN TV D Z LR TE
7oo W, BOBEMEZZEL, BHAEOS T Y M
FEBOH T TR R v. Foo, EHmIZIZ, HET S
Y NI L R VRS URICETTLE ).
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Boundary Lubrication Mechanism for Self-lubricating Specialty Steel with Low Friction Loss
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Kunichika Kubota
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FIS45 7 SLD-MAGIC™ (3 2005 EICRIFE & h, ZOET U 7> a Hick ) 4RHEMNTIS
FOEEMBALE L TEICMA D VEICBh TWA AOIERICTK ESRIBEALTE L, LALEDS,
ZDF/LANIVDADZZLIEHSATEVWEP >/ ZIT, F/LANLDOEHEBSNS
XPS (X-ray Photoelectron Spectroscopy), R&t¥, v axEE AV, EEEREDOMILTH
WMZEIT-FECH, AETTERBTHOEEMERICEY, BV a ErHRIBLZORERAIM,
HEHPEE L -REBERED A TICLVIBBTER PP o2 COLDBEERBBTICSE
T2EEEEZHBAT I, RFHERDHEE (CCSC; Competitive Crystal Structures of
Carbon) EFIVEREL, 2016 FREGHHEFORBRERBRICCHBERS TH 3. £HE TS,
ETFIVEEOBEEZThIPLBEIHEIND N1 R AT LOEBEIZODWVWTHRNS,

The Hitachi-developed steel SLD-MAGIC™ has become popular in the Japanese die and
mold market for cold-working processes because it exhibits superior galling resistance to
other steel and iron materials. However, until recently, the nanoscale mechanism
responsible for its lubrication properties has not been well understood. To clarify this issue,
samples of different types of steel were analyzed using ball-on-disk tribometry, X-ray
photoelectron spectroscopy, Raman spectroscopy, and X-ray fluorescence spectroscopy using
synchrotron radiation. The results led to the development of a new boundary lubrication
model, referred to as the CCSC model. This report describes the foundations of this model

and its tribological implications.

@ Key Word : 5B, Bigm, 75774 NERBLEYD
@ Production Code : SLD-MAGIC

@ R&D Stage : Mass Production
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BB EMIBEDO A h = X L% 3HHTE 2 Y, A
EHTI, TOETIVORAIHBERELEZIZOVWTHET S,

2. REBRAHE

R1ICEHIRE DS X OG- 2R3 . BEEREGEHH 0K
ERB$IE ASTM G MY DR — vk 7 14 A 7 i BB
TAAZMETAPME=RLL, F—=VIZEZE6 mm D
SUJ2 (62HRC) & H 720 XPS i S #A/ET# 4 -ESCA
AXIS, W9t 1dJ-Park KEK-PF HMYEH I 4 ~
BL-11B, 7 = ¥4 6iE HAREF# JRS-SYS200 % v 72,
K2 IIFFERICHV2ESMNE R T HOBEZ KA1
DORBIIEFEHETOT A M2, B10 TEMEZ &AM LT
fiTHE L STV, ThlBEoTF—2ICHL TiE
Eppendorf #H#A5#% Xy b (10-100 x 1) ZHw, 7 b
YAHUS L WL EROEHEEIT 5720
1 FERESSURH
Table 1 Analysis methods and conditions

Name of |Manufacturer - -
equipment or place Details of conditon
ball; 26 mm SUJ2 (AISI 52100) 62HRC, radius of
Ball on disk Nanotec friction track; 2.89 mm, pressure; 80 MPa,
(Japan) velocity; 11 m/min, disk specimen; 220 mmX5 t
(Ra; 0.2 um), equivalent to AISI G99
XPS . .
analysis Shimazu u-ESCA AXIS 15 keV target; Al,O4
Synchrotron L . .
radiation J-PARC KEK-PF, exclusive line of Hitachi BL-11B
Raman . X
analysis JOEL JRS-SYS2000 (infared wavelength; 633 nm)
-Cu (61.6)
0.6 |
j 8%Cr (63.1) SKD11 (61.1)
= 0B mdp
c
Q0
e 04
[0}
Q
O
c 03
ke
2 02
% \SLD-MAGICTM (61.4)
c 0.1 \
& ‘ . -Al(61.4) .
0 20 40 60 80 100 120

Holding time (sec)

1 BEEEHICERAT2547xE () AEFIIEE HRC)
Fig.1 Effect of alloying elements on frictional behavior (numbers in
parentheses show hardness (HRC) of disk specimens)

3. EBRER

3.1 SLD-MAGIC MDEE#E4SM

3.1.1 AETTRDHEE (Cu &t S DR
B1I3E4ERICE VPO SN2 BEEEEI /T
LER/ITCHFELRT. AERTIE, HOEEEICEDEED
N2 5t# % SLD-MAGIC » 53k CTEEB & 1T - 720 BX
BT bR TRV NS ORE LY, -Al (SLD-

MAGIC 75 Al 23\ 7280%), Bi% SLD-MAGIC @ &

PRIFIRE] 40 # DLF T BB AR B IR, Cu & S& W
RERML 72 ORI ERLTWA I LG h o
727,

K2 xR 1 ®»JIS SKDI1 & SLD-MAGIC 721} 0 E
BRBORHZELEZHEB LD TH L, ZOFT, fHH)
% 10 BPIIAT - 72 B8 H 1) L B L O KT 54T % XPS T
To7e BIBICEDRRERT, REIRFENDIT V¥ 3
A= a YHLEVH, Ar ANy ¥ 2D D L5 %2 Fe,
ODY—=DLMNo70 LHL,Cul SiImBEhihro
720

=2 HEAMOILFER

Table 2 Chemical compositions of samples

SLD-MAGIC™ Fe—1.0%C—8.3%Cr—Ni—Mo—W—Al—Cu—S

SKD11 Fe—1.5%C—12.0%Cr—Mo—V

8%Cr steel Fe—1.0%C—8.3%Cr—Mo—V

-Cu Fe—1.0%C—8.3%Cr—Ni—Mo—W—AI—S
-S Fe—1.0%C—8.3%Cr—Ni—Mo—W—AI—Cu
-Al Fe—1.0%C—8.3%Cr—Ni—Mo—W—Cu—S

Without friction ~ With friction

0.6
=
S 0.5
=
[0
8 04
c
S
£ 03
E 0.2
g - SLD-MAGIC™
< o1

Stagel Stage2 ]
1 l l l
0 20 40 60 80 100 120

Holding time (sec)

2 SKD11 & SLD-MAGIC™ ? XPS S #fi#tR
Fig.2 Frictional behavior of samples used for XPS analysis

-4~ SKD11 with friction

— B — SKD11 without friction

- -A - - SLD-MAGIC™ with friction
—>¢— SLD-MAGIC™ without friction

~
o O O

o

= N W b O O
o o

C content (atomic%)
o

Fe content (atomic%)

Sputtering depth (nm)

3 REXEHLS3IMMDEIETCOTELT
Fig.3 Composition profiles from top surface to 3 nm depth
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®i)

R A4IZIZANSY ¥ Lsholtad XPSIZL b Fed
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nm Y H#EAZZ EIZE D SKDI1 AR EEmF LA T
LI TWAE I EERLTWS, RIBIZASYF L
o 72 A D 0-1s ¥— 27 Th 575, Kt (FeOOH),
EBILY (Fe;03 or Fes0y), FeO D 30D I Hh N7
PSR S Nz BEEES R T W WwIE ) IZBI%EH], SKDI1

~/data/AN940_S2 XPS Sp Fe 2p3/2/1
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~/data/AN940_M3 XPS Sp Fe 2p3/2/1
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Fig.4 Fe-2p XPS spectrum before sputtering
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Fig.5 Fe-2p XPS spectrum after 3 nm sputtering

22 HiII£REHIR Vol. 33 (2017)

M# e H FeO DY — 7 HSE\\ 0 T KO MBAL RS &
FeO R TH D & h b, Tz, BEHD Y O SKDIL
ILEBIMOE =7 25555 0, KBRILWO Y — 7 555 <
oTWhIEND, BALEDRIIKELWIREIZ R - T
W EWGNE, —H, BEED)ORBEROE — 71T,
BEBIM O — 7 DFENFE LW &9 b, FeO BE
ERAW~NEE L2059 H R Do
PEO#REZR7I2E LD BFEHNI IO
RO SN VA, RNEE L RILI DRI X 0 d iR
m%«*gbfwéo~ﬁ,%anu@mﬁﬁﬁzmn
REREZZ 2RI -TBY, IhDs, BEEREDS
LBENTH S Z LD b, 72721, BEER M LOW
M BBIGIC X o THZH O BRELIE 86 L e B o 72
DN E LTARATH - 720

~/data/AN940_S2 XPS Sp O 1s/1
~/data/AN940_S3 XPS Sp O 1s/1
~/data/AN940_M2 XPS Sp O 1s/1
~/data/AN940_M3 XPS Sp O 1s/1

. Fe,05 and ———+—» | «—Fe0 binding
Fe,0, binding energies fi  energy
90 ! m
FeOOH —», '§ “SLD-MAGIC™
80 binding energy! ft  with friction
3 | |
s 70 SLD-MAGIC™
-’?, 60 [ without friction
S SKD11
g %of SKD11 i
40 | with friction
30
20 It
o _"‘- »_‘::-:*:‘TQ‘—_{% =

542 540 538 536 534 532 530 528 526 524
Binding energy (eV)

6 XNy LOO-1s#EE—Y
Fig.6 O-s1 XPS spectrum before sputtering
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Fig.7 Schematic illustration of sliding wear test based on XPS
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Fig.8 Synchrotron radiation results for SLD-MAGIC™ and SDK11
(a) electron yield (EY) (b) X-ray fluorescence yield (FY)
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Fig.9 Differential EY and FY values for SLD-MAGIC™
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WXL LORNTHELTH L. HOEEEEY R L7726
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Fig. 10 Results of ball-on-disk tests with (OA) and without (FR)
turbine oil adsorption
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Fig. 11 Raman spectra from frictional surfaces for the case of oil
adsorption (a) SLD-MAGIC™ (b) SKD11
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Fig. 12 Schematic drawing of crystal structure of H.SO,-GIC
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Standardization of Fe-based Amorphous Strips and Magnetic Testing Method
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Fe E7TIL7 7 AFHOEEMMBIL (IEC HB) ICmV HIBHERAEEE®RFLLER, V7
774 FEAVWAEI—-JHERT, BROMIOKREICIEHIMIIVEEBVBEREBREDE
LTWBZEPRR oo EXRHABROBERELY, REL ZBREARETERICER S h 2 EEE

RE3% UTOREBRMEEEF TS LR L 2. KMTABRRE D EICL ABRRBHRAEES &
UM EDHRIEE%Z IEC/TCE8 ICHRIERL THRE S h, 2018 FNRITEEHRICERTTH S, JIS
12 IECHRIEL RS 2016 FEICRITENBIRAHTH 5,

To establish international standards for Fe-based amorphous strip materials, and a
method for measuring their magnetic properties, a standard measurement method was
studied. It was found that a single sheet tester using a single yoke made of soft ferrite and
a H coil for measuring the magnetic field strength was adequate for this purpose. Through
round robin tests it was confirmed that measurements of the specific power loss using the
proposed method had a relative standard deviation of less than 3%, which is a sufficiently
high reproducibility for the standard. The method was approved at IEC/TC68 and
discussion is underway with regard to issuing this standard in 2018. It is expected that the
JIS will be issued earlier than this, in fiscal 2016.

@ Key Word : Fe E7 BT 7 Z&&EH, HiRHRSE ARt

@ Production Code : Metglas” 2605SA1, Metglas” 2605HB1M

@ R&D Stage : Research
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Table 1 Configuration of single sheet tester for 60 mm wide
amorphous strip

Soft ferrite Grain-oriented
silicon steel
Conventional magnetic path length, 240 mm 245 mm
Length of magnetizing winding 230 mm

Magnetizing winding ¢ 1 mm, 200 turns

100 mm

B coil ¢ 0.5 mm, 170 turns

Length: 100 mm,
Thickness: 2 mm,
Width: 50 mm

0.125 turn *+ m?

Length of B coil

Size of H coil

Area-turn of H coil
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Fig.4 Hysteresis loops measured by H coil and magnetizing current
methods
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Table 2 Specific total loss and stacking factor for high permeability
grades of Fe-based amorphous strip

Material grade Maximum specific total loss Minimum
& at 1.3 T/50 Hz (W/kg) stacking factor

AMO08-25P5-90 0.90

AMO08-25P5-88 0.88
—_————— 0.08

AMO08-25P5-86 0.86

AMO08-25P5-84 0.84

AM10-25P5-90 0.90

AM10-25P5-88 0.88
—_————— 0.1

AM10-25P5-86 0.86

AM10-25P5-84 0.84

AM12-25P5-90 0.90

AM12-25P5-88 0.88
—_————— 0.12

AM12-25P5-86 0.86

AM12-25P5-84 0.84

AM16-25P5-90 0.90

AM16-25P5-88 0.88
—_— 0.16

AM16-25P5-86 0.86

AM16-25P5-84 0.84
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The letters AM for Fe-based amorphous strip
One hundred times the specified value of
maximum specific total loss at 1.3 T and 50 Hz,
in watts per kilogram
One thousand times the nominal
thickness of the strip in millimeters
The characteristic letter

-S for conventional grades

-P for high permeability grades
One tenth of the frequency 50 Hz

— One hundred times specified value of
minimum stacking factor in percent
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Fig.9 Designation for Fe-based amorphous strip
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La-Co BEEMBET7 15414 POTIVF R —IVERIR
Multi-Scale Analysis of La-Co Substituted M-Type Ferrite

FJIl &

Takashi Nakagawa

N\ ®%5*

Tunehiro Kawata

AR EE EH RE*

Etsushi Oda

BREOEERA, READNE - SMET—42—ICAVSIhE 7154 MERAICIEEY —BOB
SHEHEMOEESROSNTWVWE, ChzEEICLa-CoBEMEB I 714 MIH T2 CoDEHEY
1 bET T4 MEEBAORFEEEICE T 2MMEEEEIT L 2. hEFER &L X SRR
g (EXAFS) ICk 2B EMEITORER, Coldaf, 2a, 12k rEEHEELTVWB I EHR
BEhi, RRANE7 174 MNEAMHAORTIEIREIMEDEV Ca-la-CoxMET 51 FOB
rmEmEL BRI, 4 B4 MEBTEIEIICAECDFe®™ % Co® TEOMICBHBRLAEZ &
L&D EEZO5ND, EFEMBICLIBITORR, 7154 MIFFREIC Ca-Si-La-Fe D
BAEMEPTHEE SN, TORERATYITFSAEBEERY, ATy TOESIEIMBEDO cBHED
1/2 (115 nm) BETHD L&A L. 774 MEFREICNTEL TL 5 Ca-Si-La-Fe 2D
BRI, 754 PRIFERIMNICHISE, REHRBRICEELTVWEEEZZS5N S,

An investigation was carried out into the occupation sites for cobalt ions in a La-Co
substituted M type ferrite compound, and the grain-boundary microstructure in a
sintered magnet produced from this compound. The results of a local crystal structure
analysis using neutron diffraction and extended X-ray absorption fine structure (EXAFS)
suggested that Co™ is partitioned at the 4f;, 2a and 12k sites. An improvement in the
magnetization of the Ca-La-Co-M ferrite was shown to be attributed to partial
substitution of Fe’* by Co” at 4f; down-spin sites. Transmission electron microscopy
revealed the presence of a Ca-Si-La-Fe-based oxide with a step-terrace structure at the
boundaries between the M-type ferrite grains. The maximum width of these grain
boundary regions was 1.15 nm, which is about half of the c-axis unit-cell length for the M
phase. This suggests that the ferrite grains are magnetically isolated by the presence of
the Ca-Si-La-Fe-based oxide phase at the grain boundaries, thereby improving the
coercivity.
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La-CoB#ME 7 1 51 bDTILF Xy — ILERHR

AWFZETIE, ThH La-ColBIEMEAE Y = J 4 MDA
WEm EEREFHS A2 &2 B E LT ET & Bt
W& 2RISR 2 MG L, ComiE#iyr 4 MEEL
oo T2 WHBEMKOBF L LTHW LS CaCOs R
SiO; DR AMIEEANDEBEL L N7 = 74 MRTF R
I B DRI & BRI GE A E AR RE & 250l L 7o A% 8
TS (Cs-STEM: spherical aberration corrected
Scanning Transmission Electron Microscope) {2 & 1) 4347
L7245 RAZ DO W TR B,

2. La-CoB#RMET = 51 MEADIHEK A
IE

Sr%&, Sr-La-Co %, Ca-La-CoRMM7 =54 Mgf
OB A (WIS EAHK, a = 19) & AT
IZDOWTET1IZRT. SrRICOWTIESr & Fe Dic#FElt
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#£1 Sr&, Srla-Co®, Ca-la-CoRxMET 154 FMERDHEMR
RIS

Table 1 Composition and magnetic properties of Sr, Sr-La-Co and
Ca-La-Co M-type ferrites®

B, H,

Composition M K A;Jm )
SrFe; 60, 0.430 278
Sroglag,Cog,Feq; 40, 0.440 358
CapslagsCopsFe; 10, 0.453 435
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1 SIEMET 51 b (SrFei2010, R : P6s/mme) D 1/2
Bz

Fig.1 One half of unit cell for Sr M type hexaferrite SrFe;,01¢ (space
group: P6s/mmc)
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DIrotze T72, 4f A FANDSEED60% DL & 7
D, Sr-La-CoRMM 7 =54 b & BT 5 & Co™ 7284
P A PAEEISEALTWD Z & 2R L 72,

3.2 XMCDIC& % La-CoBEBEMBI 7 254D
Co E#at 1 b DfFMR

foWfgE 7 Vv —FI12&k % Sr-La-Co ZfMB 7254 +d
Co" i 4 POMMMERER2ICRT. 7TV 7 3
(ALCHEML Atom Location by CHanneling Enhanced
Microanalysis) $12 & B M H ¥ TIIEE L O R E L
—H AT, EDO—JT, AANT T 5 k0,
“Fe % "La » # % & 3t W (NMR: Nuclear Magnetic
Resonance)V"'"? 7% & T Co™ 1 2a % 12k 4 P2 5GT
5T EDVRIINTE Y, % 5 ONTHER & —BT 5727,
K2 MOMREBICL > TIRESINASr-La-CoxMET 51k

IZHFB ConEEY A K

Table 2 The occupation sites for cobalt ions in Sr-La-CoM ferrite
proposed by other researchers

2a 2b 4f, 4f, 12k

ALCHEMI® O - O - O

Méssbauer spectrometry® o - - 0O -
Raman spectroscopy'? A - = O &

NMR! 12 Fe A — A A —

®a - — - A -

®Co — — A A -

Neutron diffraction and EXAFS (Ourstudy) O — O — O

O: Sure or very likely
\: Possible, but dubious, impossible to choose between different crystal sites

(b) 100
@ 22
S s A A 4f,
8 A B 12k
2
% 60 A A
[
kel
E
2 40
Z 0l |
o
Q
7 20I '
0 @ O
0.2 0.25 0.3 0.35

Co content in CagslaysCo,Fe 4.0,

M2 LaCoBMME 7151 hD CoGFHA M dUIC Co HEED Co BEKTEHE D ©

(@) SrixLa,CoFer16x0a (b) CaoslaosCoxerosxOa

Fig.2 Dependence of cobalt ion site preference on cobalt ion content

in (a) Sri..La,CoxFerr6x0a (b) CaoslaosCoxFensxOa
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VA4 e HAETHIERRBLTWANTHEL S,
FIT, EZSIIHERET N E EXAFS 2 X AT
WRORZUEMITHZ 2 HWE LT XMCD HlE%
Bt L7ze SCRAMAEI 7254 b, Sr-La-CoRMA 7 =
FA MRS UICCalaCoZaMEIT7 =54 b Fe ® K W
IS B 5, WX M2 v 72 XOM W I O 50T 5 1
(XANES: X-ray Absorption Near Edge Structure) A-X7%
V& XMCD ARZ FIVERI 3 IZRT . XANES AXRY
PVIZBWT, BIGHEORD 711 keV TIPS WE —
7 (BRM, 7)1y V¥ —2) PR TE S, TDOE—
71, BBEREO 4ARMNALEMIIHEFOY -2 THDE T L
BHEERTVE Y, Lo TME T4 MIBWw
T, ToOFVTy I¥—21%, BEIFTLBEMAE %5 4
A IDFI A ZEDOF ICRETHAEEZLN
bo ZOE—ZITHIE L7z XMCD A2 bV (Rt 2],
TITMOE—=27)12BWT, Sr &I~ T Sr-La-Co & M
7274 POYE—=ZHEINS LS RoTWDE, 2O E
X, 4f A P OBEE— X ¥ MIHT 5 Fe O 5559
BLTWBIE, Thbbafi A4 MIBRE—AV M 2
Bz wWit#Ed 50 iE, BEAE— XA Y PO/NSWITENE
BLTWBIEZRETELDTH S, EXAFS OFFN#E
BE, S R L 2 2d A bOREEET LI L 2R
LTBY, BRE—X Y MERwinH2 4, 1 b &
HETHIEIIBRETE S, TDO—HT, BEOWKAE—
AV ROPNEVITEENERLTWAH I EIE, SrLaCoR M
BT 254 MIBWTIE Co™ 254 4 P2 5HT 5w
3, BRI PETF I & EXAFS 12 X BT R & A5 5,
Dbz ehs, BREPETHYTE EXAFSIZE % Cod
TR IRATAE R T Y b DTH S LI L 7,
Ca-La-CoZRMM7 254 MESr-La-CoZRMAI 7 = 5
A MED LEREBIEE (B) L, TNFTEHLAR
VCIRHEETH 572046 T YLD B, #EBLY LTw 3,

0.003 5)
0.002
~ 0001 g
c =]
= g
g 8
g  op S
o ]
g =
2 0001 3
<
— SrFey; 60
-0.002 11.6Y19
l — Sro7LagsCopsFe1150. H 1.5
....... — CapslagsCogsfFeqo10,
-0.003 b 1
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Photon energy (keV)

3 Sr&, SrLa-Co%R, Ca-La-CoRMET 51 hD FeK K
RIS 81 B XANES X7 hJL & XMCD 2R h L 97
Fig.3 XANES and XMCD spectra at Fe K-edge for Sr, Sr-La-Co, and

Ca-La-Co M-type ferrites® ™7

La-Co ¥t MM 7 = J 4 B THASHEE 2 & RS
BEMBEICIE R E 221375 <, B,OMEERIIMB 7 =25
A4 b LI E L2 il BbnlEZ NS,
ZZT, Sr-LaCoiMM7 =254 +& Cala-CoaM Al
774 MIBU L EAILOAER L RSO SR E O
R 12D W T XMCD CTHGE L 7245 B % flf HC /A3
Bo B L72E 4 FA FDF T VA Y E D Fe
WWhRETAELETY Dy V¥ =27 120e L7z XMCD A
X7 MV (R3HFRBE) IZBWT, Sr-La-Co %2 M
794 MIHRTCalaCoZMMT7 54 bO¥—2
REPNE VW E DR TEL, 2O LIF, FI Uy RE
YOREE— XY MIHT 5 Fe’ OFGHE 51T L
TWbLZE%RIET S, JEib L7z X 912 Sr-La-Co & M %l
T zI4 MIHRTCa-La-Cof MM 7 =54 DT
Co™ @ 4fy F A4 "D EENE N & 2RI L720%, B
RKPPEF D) — b~V MR 2 5 Ca®™ O — A 4f)
YA r2E5T5628d, RADODTNV—TFTIEHERL T
%%, XMCD 0513, ThEXHLTwBEER, 4
P A PN Ca® % Co™ DEHT A LT, Cala-CoRM
M7 254 PBSrZME 7254 b% Sr-La-Co & M #!
Tz A4 MEDIEOBILZEA LTI DLEZ LN
b

La-CofE#t MM 7 =54 MZBWT, Co™ DWERL
T— A Y MARESEIIC K o TR T, KA e
BHAREL D2 ETREFMEBANMET L EEZ 50T
Wb, $72, ML CoBIHREIZCBWT CaLlaCo 2 M7 =
4 P& Sr-La-Co R M7 254 b X1 BGHRAD
20% < BT ENMHRIRTED Y, Coo DEEHA
FHLVIEEEEGICE o THRRBARTE~NDEFS.
(LEREZ 25T EPEBERAE— A ¥ bADOFL) 357
HoTWhL I EDREEINE, Eitd X & La-Co B
MM7 =54 b ORERWERN EERZ BT 5720121,
EIITCR O HAME &N R TN % MRS 5
CEDETHY, RWFFETRLUZZ L) LR T O 547
HA MEITICMA, A4 FPTEDOWRE— AL FPDOKREE
R, WEEET- T OB 2 U EAE % 5Eli S % & & 235
OHETH %,

4. EFHEWEEAV/-Ca-La-CoxME 75
1 b OBEFER AR 1Y

T4 MEADE L% A EMERILO-0121E, #Eo
S LI X 2 S b= S PRI & v o 7ot o i
ERHME L2BENE & DI, KARAOMEROIRETSH
5B R H;# s ¥5ZLEETHH, JFITEHN
HWAREEET L7 294 MEAOH TR D BVERY
Wa475 % Ca-La-CoRMEI 7 =5 4 M D Hy 1%, H
FHHRD 15% ~ 20% ETH ), FOXRTF Iy vz
Tzl &g T s EEFvEv, 7254 MEAD
H &, FAHFHE A ORK R M L BRI/ LTV
LEZBND, TDO—HT, 7254 MEAOADEERE T &
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AN BT B FAHA LRI BT, BEEFI L L
TIHIMENS CaCO3 B LU SIO, 72 EDRIMP A E L2 1%
HERIZLTWDLEEZLNDY, TOREAH =X L1
WE BRI EHRLEW D Lo T, 7254 Mk
AOENRILD 7DD T A% T 59 AT, ZTOMH
AL 2P L CBL S ERIERICEREICR S,

AWF7eTlE, Cs-STEM 12X Y, CaLa-CoRxMA 7 =
T4 MR OBERSRIC 3313 B T ARSI £ O BRI & 45
ML RO W Tk B,

4.1 Ca-la-Co®k7 71 MEABREFDKTIBEN

7 = 74 MRS O EMRELE O TEM %% X4
(@), B4 (b) (RRFEM)IZ, ZhoPERBAOMEITE

A TE R R AR 5 B 2 AV F — 88 X AT B

it (EDS: Energy Dispersive x-ray Spectroscopy) iZ& 0

TCHEIM LR EZERS (@), £3 (b) IR, BB Z
)

:i/l\ll\ty‘pe ferrite

M-type ferrite

-junction phase Qltiplesjunction phase

200 nm 200 nm

M-type ferrite

M-type ferrite

X4 BERRO SR TR FABERE IS 1 5 TEM 81521& 'Y
(a) CaCOs3:1.25 mass%, SiO2:0.68 mass%, (b) CaCO3:0.0
mass%, SiOz : 0.34 mass%

Fig.4 TEM images in vicinity of multiple-junction phases for sintered
bodies with additives' :
(a) CaCOgs: 1.25 mass%, SiO,: 0.68 mass%, (b) CaCOs: 0.0
mass%, SiO,: 0.34 mass%

R 3 BHEEROSRTRFAOHHHER 'Y (a) CaCOs : 1.25 mass%,
Si0,: 0.68 mass%, (b) CaCOs: 0.0 mass%, SiO2: 0.34 mass%

Table 3 Analyzed compositions of multiple-junction phases for
sintered bodies with additives' : (a) CaCOs: 1.25 mass%, SiOs:
0.68 mass%, (b) CaCOs: 0.0 mass%, SiO,: 0.34 mass%

(a)

Si (at%) Ca (at%) La (at%) Fe (at%)
1 30.2 63.5 1.2 5.1
2 30.9 62.0 1.5 56
3 30.7 63.3 1.7 4.3
4 30.1 62.2 1.9 5.8
5 31.7 60.5 1.1 6.7
Ave. 30.7 62.3 1.5 55

(b)

Si (at%) Ca (at%) La (at%) Fe (at%)
1 29.3 64.1 2.7 3.9
2 27.7 67.2 1.6 3.5
3 324 60.2 2.0 5.4
4 29.7 60.4 33 6.6
5 30.9 63.9 1.3 39
Ave. 30.0 63.1 2.2 4.7
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TUE, ABRMERIE AR BERS O Bh#] & LT CaCO; & SiO;
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&L, SIO, oA ERML7SE (R4 (b),F3 (b)) %[ H
M &3 5. EEBRMOEEE T, SR TFRIHITEH
Mo Si & £ TH 5 Ca, La, Fe DAFEN DD SN,
ZNZM atmic% (LU at%) FHCHE4a Si: 31 at%, Ca:
62 at%, La:2 at%, Fe:5 at% &> TWw5hb 2 & &R
L7zo —HHEMEIMOYE T, SRR RHIc@mmy o
Si & EMBEHSTHDH Ca, La, FeDfFfEDZBOLN, %
NEN P TR S - 30 at%, Ca: 63 at%, La:2 at%,
Fe:5at%h &L%o TWb I L&A L. Dbl &nb,
CaCO; DIRMAMIZ Db ST, BINWS7% 6 TICE
MG TH A Si, Ca, La, Fe DZR TR AMIBIU 545
TEIEEAA30:60:2:5 &> TWB I LD G057

4.2 Ca-lLa-Co%7 1741 MNERRIEED 2 K FH
FOR O ESAET

HMuRn & AWM BER R TEM 1§ & R FR 5k
EIZBIT B EDSICX AcE~Y vy ¥y 7&K 5 (), X5 (b)
R L, BEERMOEEOEMERREHAYE (HAADF:
High Angle Annular Dark Field) STEM %X 6 (a),
K6 (b)l2RT. ¥9, RISOEDSOILE~Y Y KV T h
S5, wWIFhoRmwalcx LT, TR R ARICIE S
R CaPBELTWA DI LT, Fe* LaldFEMICHAR
TZDOWEPEL o> THBY, LR R L FHHKCa &
Si & L& $ 5 CaSi-La-Fe ROMLMH & 75TV 5
CEHREENS, HAADF-STEM % Tid, Ji¥&I2MK
AL T P TA N7 L 5720, 6 (a)
ICBWTCaRSiZERGET LN TR AMOEST
BEWaAY S AMER-TEBY, ZOMDOERIIY—T
<, cHICH LTI 2mEICAT Yy 72 EELTWAS
N ote T2, 7294 MRFREEZAT Y T
FAMREL D, AT v TOESIIR 6 (b) H oK (Sr
FAMMT7 274 bOHNRE, HOOR T Fe i1,
BORFIE S FT) TRTLHIC, MO clmED 1/2
BED115 nm THAHIE, ZLTIOLALAY—IZIEM
B EPClXLad b Vid CadfFrEmETAHLAY— (ST
Oy Z7)Th)ZENETIAME LTSI L LRERL .
F 72, MR OYE T d R R SN R O Mg %
MEZE L 720 Si05-Ca0-FeO D=L RICBWT, Si:Ca:
Fe=6:1:7 @K TIZ1,100TC 2> SHWEMHAHB L, Si:
Ca:Fe=3:1:4 MK TIE1,150C THAHI T 2 =
ERHEESNRTVE Y, Ldso T, EARNR WA
Mo¥EI1ZiE, 1,100C 22 5 BERRED 1,200C F To 7 =
I 4 MREA OBERBIICBWT, RFRHICHEAET 5 Ca-Si-
La-Fe RO A 7 { &b —HIdmRCHtice > ¢
BY, 1200C 25 =ik E TORRBRICBNT, ol
MAEERE S5 2 LT, MAHPIER SN0 LEZ LN
%o THYUAIZAAE L T 5 Ca-Si-La-Fe RBALWAHIZZ
DB S I LR s, 7254 MRT &AW
WAL S, REAEBUCHFG LTS D EE X b5,
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774 MEAOBEK T O A, KB LzX 9IS
Ca-Si-La-Fe RERALWAN 2 4 L 72 HUAHBERS IS0 S N %o
WAIBERT DYy, B (M), i (Ca-Si-La-Fe SAH&AL
WAl), S (RER) @ 3HFOMHAFETE L, A AHM 0 L
IANF—2/MET 2 &9 IR EL . bbb,
I} AV F — Dk & WPE A B & ACtE 5 B B I~ D%
LD BERL & 7o T, WHIBERE 2R S 2 Y0 Z o i~
IVF—IZBRT 2 7 = 74 MEATERSEMX, bk
(M A ORLEE, KLEEDA), BEfh S (BER AL, MR%
YL MARKLEG), BERSEIN & 2 08 O SRR, K

10-nm

M5 MHEARO 2 HFRREECS T3 TEMBRGE TRy ELS ¥

RAMGAG) R ENFT SN, L7zAoT, INbEMIC
#H LB B OGS 2 & 512D, 72514 M
A DOWAHBER % LIS 5 5H 1 OBERHIRIZ A~ D25 &
ZOREA I = A LORE L DIR(LL, 72914 Miga
DELHLEHERILICHEST LI LVBSHOBETH 5,

(a) CaCOs: 1.25 mass%, SiO»: 0.68 mass% (b) CaCOs: 0.0 mass%, SiO : 0.34 mass%
Fig.5 TEM images and elemental maps in the vicinity of grain boundaries in sintered bodies with additives'
(a) CaCOs: 1.25 mass%, SiO,: 0.68 mass% (b) CaCOz: 0.0 mass%, SiO.: 0.34 mass%
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H6 BEAHRD HAADF-STEM & ' (a) 2 HIFRSFUERE (b) MAERTF

Fig.6 HAADF-STEM image of sintered body with additives, CaCOs: 1.25 mass%, SiO,: 0.68 mass%.""

(a) in the vicinity of grain boundary (b) illustration of M-phase unit cell

5. #&
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Hi & L7z Rk Enr &, PR O XN & 7 % Bk
BiFl & LCiRmE s CaCO; B X U SIO; 7 EOTMP D
AT B <2 F T B O SRR T I~ D 3 2B % AR L 7
e DT oftamz 587,

(1) HEF- [T & EXAFS % H v CRiis 2 T L 724G
H, Sr-La-Coma M7 =54 bTid, B 20% D5 AR
T2a% A4 MEEAEL, #AR40% O 5B # T 4,12k ¥ 1
FEEETHI ED Dol TD—)T, CaLla-Cos%
M#7 =54 MTIE 2a¥ 4 bPNIEHRAT20%, 12k ¥
A PNERAKTA% OREEL D LDorh ol F
72, 4f A P ANDOGEEEDI60% UL EE %D, Sr-La-Co %
MB7 =54 MEET 5 E Codddf; A4 MAEELRIC
HELTWDZEZMER L. 20 Co D 4fy 44 F~D
e 5 A DRI LB OV LD TH S 2 LA H -
720

(2) Cs-STEM IZ & b FAHFME 1 3BV 5 ML 2 8
BLURE, Calk SixERG LT 2R TRAMTI,
FHOERIEZY—T% L, clilcx LTHT42mEIZA
Ty TERELTHWEIENGro7z 72, 7294 b
WFRMEIAT Y T I AEE R, AT v TOE S,
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ZOLA Y =121 M BREEF T La ® %\ id Ca DAETE
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Influence of Alloy Elements on Production of Ferritic Heat-Resistant Cast Steel

NN A%
Masahide Kawabata

7 274 P RMEAFRIEOHBIROLD, BREOBIRBADPFR Y ZR—IVNICEL 74
HTHB, LAHL, xMHIL, BEVAR, TAXRBAR, BhXBEAIREEDHFERMHIFEEL
IV ELS, EFEMEVWDhTWS, 22T, FRARTE, 7174 bRMBASFREORS
IKBLETEETFOEEERFL, Nb OHRR(EMERIEMDO MnS 2R ESESHLET, LR
REEHETEDH_LEZHSPICLE,

Heat resistant ferritic cast steel is a material that is suitable for an exhaust manifolds of
automobile due to its low thermal expansion coefficient. However, the material is known to
be difficult to cast because defects such as misruns, blowholes and cracks can occur. In this
study, the influence of alloying elements on the production of ferritic heat-resistant cast
steel was investigated. The results showed that such defects could be suppressed by the

formation of eutectic Nb carbide and MnS crystals.

@ Key Word : T#E&FH, 754 MR, 5l
@ Production Code : & L

@ R&D Stage : Mass production

1. #

WERBRBEMEO O & D TH 5 L FE OB % FH$
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W, BEROT YV VL ARTEDOHM A ATEILE L o
TETW5, 201D, PRI =F— IV Ry -t Ny
VT EOPERRIEMICIE, IhE T IICEE SR
TELMBGERI D G, X 5IENEEE 2 FOf 24
RSB L ENTWD, ¥ —E g Yy 73 EinmeE
PLBETHD I LD, F—AFF A4 b ROl B 72558
LTWwWb, 2 LT, HER~ =4 — v RI3EE I
PLETHHIEND, 7254 NRADMESHANE L T
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771 MRIHFHOHNEHEICHLETEETROTE

WK T EE TS, LELAEDES, VT3
OB & ) BEBEAMET L, BEStSVLB AL TH B,
F 72, S5 & N X — h — KA A TRIOHER,
Y= VEFHELTT7 294 MRIHEMOHEZ1T-> T
WA, Iheo C®IETXT0.1mass% (LA, % TR
T)UTOMKC D7z, EREFGIREIZR <, SFMEITA
WThHHY TV, 22T, AWIRETIR, 7xT4 bR
S OBIEEICB XL IZTAEEILROBEII OV TRHAEL
MErzHEdT 5, B, SHoOMETIE, 2 X MixEE
LCHMEAT L2\, 2F D, y 25, &5
HLZWwZ Exqidts L,

=1 ASTM CB30 O1tZEmk%
Table 1  Chemical composition of CB30 in ASTM

CB30 C Si Mn
~0.3 ~1.5 ~1.5
S Ni Cr
~0.04 ~2.0 18.0~21.0
2. EBRAE

2.1 Thermo-Calc | & 3 Fiatast

BEE BRI E O T B L OB L 2 RET 34720
W2 RERIBIFE4H Y 7 b = 7 [ Thermo-Cale ] (7 7 —
YarvSs T—%~R—ZTCFE6) % i, F2 &
L 742 o #iPR % 78§, #METe#EIE C, Nb, Cr & L7z,
CIlIEEMBREAZ KT S AILHT, Nbix C %MK
ftE LTHAESEL2ET, yORHNZHH S22,
Crizy oMtz IHIL, d2RESEALLLE BT, M
HRE LCied BRI 2 ED 570K TH 5,

#+ 2 Thermo-Calc TH&5t U 7=k % &5
Table 2 Chemical composition of samples for Thermo-Calc
(%)

Examined elements Other elements

C 0~0.8 Si 0.6
Nb 25~55 Mn 0.7
Cr 16.5~18.5 Ni 0.75

2.2 #EMBLUIVOEBHRE
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Fig.2 Shape of stepped ingot
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& L7zo B BMGIRE IR S = v 78O R B
&=V CD v 7 (HE 40 mm, &S 55 mm) IZE
WRIEE, WHID 5 RD 72,

2.4 EREM

EREEOAGICIE, ¥ vV ¥ — R A FE L 72,
17 B SR BRAR VR I R U A o FSCh (%3 50)) %
iz RERIEBEORETH PR~ =F—IV FOILY

Hi£E+H% Vol. 33 (2017) 43



B LEIZBWT, B TENHEE 2 56800 WEIL 10
mm P THEI s, WEHIR 1 IR TR &
70y 7 ® 10 mm #5550 SR L7z, BRI S
10 mm XJE 75 mm XxEE55 mm D/ v F4& LT, bk
WA T TEZ b RKRED 0C & L7,

2.5 HARMRESZM

TARKAD Y, FEBIAEETS TEEL TV
A~v=Fk— )V FEdEl, &8 X MTRGHND T KK
DA % Bl L 720

3. XRBRHLVER
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Fig.3 Equilibrium diagram for 18.5%Cr-4.0%Nb
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Fig. 4 Equilibrium diagram at 1,200°C for 18.5%Cr
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WNb/C8 UL ETHNIZE, y#EREIELNWT L2V0Hh
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Fig.5 Equilibrium diagram for 0.4%C-4.0%Nb
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Table 3 Chemical composition of samples z \/
(%) = 150 P
. 1)
Examined elements Other elements £ 100
C 0.3~0.6 Si 0.6~0.7 50
1,300 1,350 1,400 1,450 1,500 Temp. (‘C)
Nb 25~55 Mn 0.4~0.7
Cr 16~18 (b)
Nb/C=9.4~11.2
Number of samples: 12
= 250 J
= 7
E L —
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2 150 \/
40“; \
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5 \
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7 ZECHLIUNbIZH TS DSC DAEITERER
(@) 0.30% C-17.1%Cr-3.4%Nb (b) 0.38% C-16.9%Cr-4.0%Nb
(c) 0.50%C-16.9%Cr-5.3%Nb
Fig.7 DSC results for different C and Nb contents
(@) 0.30% C-17.1%Cr-3.4%Nb (b) 0.38% C-16.9%Cr-4.0%Nb
(c) 0.50% C-16.9%Cr-5.3%Nb
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(c) 0.47%C-15.5%Cr-4.6%Nb (d) 0.56%C-15.6%Cr-5.3%Nb
Fig.6 Dependence of microstructure on C and Nb content
(a) 0.33%C-15.4%Cr-3.4%Nb (b) 0.39%C-15.5%Cr-4.0%Nb
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Fig.8 Solidification curves for different C and Nb contents
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Fig.9 Dependence of starting temperature for solidification on Nb
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Table 4 Chemical composition of samples

Examined elements Other elements
C 0.3~0.6 Si 0.6~0.7
Nb 25~55 Mn 0.4~0.7
Cr 16~18
Nb/C=9.6~10.5
Number of samples: 5
20
S
£
S 15
S
X 10
=
i)
5]
= 5]
[%2]
k3]
3
= 0
- 25 35 45 55

Nb (%)

10 Nb & ¥ v ILE —EREOERF
Fig. 10 Dependence of Charpy impact strength on Nb content
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Fig.11 X-ray images of the flange portion of exhaust manifold for
(a) non S (b) S addition
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Fig. 12 DSC results for S addition
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Multi-Lumen Tube for Catheters
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H. 48, 2016 SF I REICH
WCAT =T IVHF 2 —THEL R
B9 % HTP-MEDS, LLC % EI{¥
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RNVFIN— R F 2—T DI %

112, fEpl =& 2, EHE %X 3
IR,

HTP-MEDS, LLC ®< L F )b —
AT a—TORREZDTIORT,
(1) ZV— R it

BRI 3 2EHTH 5
PR B Rt S RN o] e BN Y
0, R 24 IV — A v OFEME % Rk
DF 2 —THEENWETH Y, WL
WERZLRICHIG TE 5 (F 1)
(2) NSV TER

— IR T 2 — T ALY Tl
53 K $ % %%, HTP-MEDS,
LLC T IERICF 2 — 728
WOV E ) ICHEST 272
B, PHHEIZ X BEADIVNE N,

(3) LMk bRl % 16 F 7T g

PR3 O S FA R, B 2 XA =
FLv, RywLyy, KY7IF
ZIZLDE LT, WL BT PR
JRZBMHTHIENTEL (K1),
(4) B — X v 3G

FH BRI % 806 %
HEEBEL VLD, EHER LS
RAKD 5N BRI — X TR
T& %,

HTP-MEDS, LLC Ti&, g%
IbF 2—=TRELBF 2T EDH
i D BETRETH Y, I HHR
WHIEREHMAGDELZ LT, &
5 7% 5B REF 2 — 7 OIS AR
TX 5,

(BARATE A v 8= —)

1 TILFI—AXAF1—THE

Fig.1 Appearance of multi-lumen tubing

Multi-lumen tubing

K2 <ILFI—XF 21— T OREEESG
Fig.2 Example of multi-lumen tubing section view

F1 TIUFI—ALF1—TOERERE
Table 1 Multi-lumen tubing properties

M3 VIFI—X*>F 21— TOERG
Fig.3 Use of multi-lumen tubing

Iltem Multi-lumen tubing properties
Polyethylene, Polyurethane,
Material Polyamide, Pebax®*1,
Fluorinated polymer*?
Max. num. of lumen 24
Min. inner diameter 0.12 mm
Min. wall thickness 0.025 mm

*1 Pebax” is a trademark of ARKEMA FRANCE SA.
*2 Fluorinated polymer does not include PTFE.
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HiFC®Applicable Vehicle Communication Cable
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DBERMAEEL SN TETS
D, G, EWEEFETr— 7 IVOER
ML TWwW EE2 N5, Hic
T L ] C U H I 42 R o i A B
F W85 — 7OV AT A X
NHPINRWEZ TV 5,

WM A 2 8 L 72 B AE o —
TIWAL, KREWFIZFE T A DI HS
Bhweonayry 7 ) =R 2R L
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%o

SOICHWEEr —7 VI 5L

HE B AE BA% MVB (Multifunction
Vehicle Bus) 3% 0, fakfitEo %
KD S 2% 5%,
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3% &EFEEI LY, WEED
BALT 2 72 DR B HILT 5,
L72h35C, ey —AMER L
THEAE 2 RFF T 2 LB D 5

CNHOREERERT 570, &
HIZIE TiZMERML , BEAENO
A & HAE L 7z Bl AE o — 7V
2B L7z EARIIEH LR OB
M ETH B HIFCY 2 L, ¢
KO L D b EVEEER 102%
(IACS: International Annealed

Copper Standard) #EH L7z, &
SICHR AR OBEL T, FEEL
T B MR X D, SR
EHEH D 50% 25 T0% (2 F T LhUF
7o THUTL D, FHER LB
B E O E T 72 (B1),

AP, EN RBEEAE (F1)
& MVB#AE (R2) oMl % i 72
FTHOTHY, AT XY iEse
WETr—TNVONYE~BATAHZ &
HUHE L 7o 72,

Gk, BNV TE 5% AHREOL
RKOIFETE %0

(BRI A v = —)

Frequency (kHz)
100 1,000

Inner conductor 1
19/0.18TA-HiFC® 0
5
€
4
& 10
c)
High foam 5
insulation 2 15
@
=
=
2 20
<
25
30

—— Developed cable

1 HiFC® Ef&fE s — 7 IV OME™
Fig.1 Cross-section view of HIFC® cable

F1 HIFC" EM@BE4 — 7LD EN BRIERIE T X MER

Table 1 Test apparatus and result

M2 HIFC” =Em@E4s — 7/ MVB B DE=E

Fig.2 Attenuation of HiIFC® cable

Test apparatus Requirement Result
Flame retardant single : EN60332-1-2 Charred portion 0.5~5.4m 42~50m
Flame retardant multi : EN60332-3-25 Charred portion <25m 09m
Smoke density : EN61034-2 Minimum light transmittance 60%< 89.5%
Toxicity : EN50305 9.2 Vehicle category 1a  <1.0 0.37
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Wiring Parts for Automotive Motor
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Insert molding

Response acceleration
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Fig.3 Response acceleration spectra during vibration tests
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Fig.1 Application of wiring parts Fig.2 Appearance of developed wiring parts
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—
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Fig.4 Insert molding part of developed product
(a) primary molding (b) secondary molding (c) cross section
of wiring parts
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Target Materials for Mo Alloy Films with High Humidity and High Oxidation Resistance
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IELRd W CulEo ¥ v v FIFIZE KSR T & 5,
HT&%&h ol —J, MTD5X (EBRERA 8= )

—— MTD-53

(New alloy)

_ —— Mo-15Nb

B —o—Mo-10Nb

© —O— Mo

(8]

c

o]

(6]

2

¥

o

Mo Mo-10Nb Mo-15Nb . MTD-53 L
(New alloy) | .
0] 100 200 300
20 T Time (h)
1 BESITHARZEOMOEEEDHEEE (EH25 X 50 2 Mo &2RNEESTHBREORIELEIL (85T X 85% RH)
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Fig.1 Photograph of Mo alloy films on glass after humidity tests films (test conditions: 85°C, 85% RH)

(test conditions: 85°C, 85% RH, 300 h)
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Fig.3 FE-SEM image of Mo alloy films after heating at 350°C in air 0.00 - -
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Fig. 4 Effect of heating temperature in air on sheet resistance of
Cu and laminated Cu films
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Gas Turbine Stator Vane by Metal Injection Molding
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Fig.1 Stator vanes of gas turbine
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Mn-Zn Ferrite with Low Loss at High Frequency

ML91S
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Fig.1 Ferrite cores for transformers operating at high frequency
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High-Quality Plastic Molding Steel

CENA"-V
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Fig.1 Example of mold produced in CENA®-V

CENA®-V

P21
conventional steel

2 REEZEDOMA TSRS

Fig.2 Interference figure comparison for mirror polished surface

£ 1 CENA"-V O{EREF

T T

Removable by
diamond
polishing.

(8 min)

Not removable

by diamond

polishing;

re-polishing

with emery

paper required
(13 min)

8 Table 1 Application examples for CENA®-V
3 HPM®38
(50HRC) only 1 Use Conventional Evaluated properties
. . P21 « Polishability
@ 3C7IE4I\12,?_|1F§®C CENA®-V ,;A:rtnomo;lr\tlse conventional steel | + Rust resistance
% (37- ) (35-41HRC) PP (40HRC) - Applicable for large size mold
@
B . . -
o Bathroom E21 Pollshab_lllty
e P51 fixtures conventional steel | - Rust resistance )
2 . HPM®7 (40HRC) - Applicable for large size mold
o conventional steel (29-33HRC)
(40HRC)
+ Polishability
Home CENA1® * Rust resistance
> appliances (40HRC) - Applicable for high-speed heat
Thermal conductivity Good cycle molding

3 fisEtE & MR B DM E R T
Fig.3 Rust resistance and thermal conductivity
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Current-Collecting Clad Foils for Secondary Batteries

CLNC-1, ACU-1
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ZHELCTBY, BHEHG % D
ThHbo
RSV EREA LT TIV)

High strength - rolling workability - | Center metal : Ni-Nb alloy |
Low electrical resistivity # | Surface metal : pure Cu |

- | Cu/Ni-Nb alloy/Cu three-layer clad |

Cu layer
Ni-Nb alloy layer I9 um

1 75y RMORREI 27~ EMFER
Fig.1 Development concept and components of clad metal

1,600 = 30
€
1,400 . [
= Ni-Nb alloy i S
o 1,200 5
= Clad T 20
X f .
ﬁ 1,000 | / Target = Ni-Nb alloy required Nb
£ 800 ———~— e s 15
= k)
; 600 Cu/Ni-Nb /Cu Clad 2 10 4 Cu/Ni-Nb /Cu Clad
% 400 (thickness ratio: 1/3/1) = cled | (thickness ratio: 1/3/1) - Tareet
S - Pure Cu [$]
~ 200 Required Nb =
‘ 3
0 2 4 6 e 2 4 6

Nb content (mass%) Nb content (mass%)

2 NiDBEICRIET NoDRZEE CutD 7y FEDIFE 3 NiDBETHEMICKITT NDDFEEELECuLDT Ty RED
Fig.2 Effect of Nb content on tensile strength of Ni alloy, and the i
property cladded with Cu Fig.3 Effect of Nb content on electrical resistivity of Ni alloy, and
the property cladded with Cu
®1 ROEEEEOBELER
Table 1 Properties of present current collecting foils and proposed clad foil

Clad foil Electrolytic Cu foil Rolled Cu foil Stainless steel foil
Material Cu/Ni alloy/Cu Pure Cu Cu alloy Fe-Cr alloy
Tensile strength (MPa) 880 300~450 400~550 1,000~1,400
Electrical resistivity (X108Q-m) 43 1.8 1.8~1.9 55~75

HiL£E#%R Vol. 33 (2017)
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LTCC Interposer for High Speed Transmission

LSB Series
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Fig.1 Appearance of LTCC interposer and fine lines

25 um dia. Cu via pad

connected to memory
L/S=2/2 um
Cu trace

F£1 LTCCA>a—FR—H&Uarq1ra2—FR—FDLHK
Table 1 Comparison of LTCC and silicon interposers
Units LTCC interposer Silicon interposer
LTCC interposer Silicon interposer
Fine line layer
Structure -
Substrate 2/2 (Fine line layer) 2/2 (Fine line layer)
N um
Line/space 30/30 (LTCC sub.) 30/30 (Organic sub.) 1
Stacking _ 1 >
levels
Channel
loss  |dB/cm 0.93 1.55 9
(12.5 GHz)

fine line layer

Fine line layer

LTCC interposer

2 LTCC 1 > & —FR—VOHER & MMEIFE DRiE
Fig.2 Schematic of LTCC interposer and cross-sectional SEM image of

L/S=2/2 um
Cu trace

Insertion loss (dB)
N

LTCC interposer
model

— — measurement

L Si interposer + organic sub.
model

LSI pad to motherboad pad
30 um wide strip line
15 mm long

0.6 dB/cm
(12.5 GHz)

B3 LTCCA >a—FR—-—H&o)arasa2—K-—F%
DETHIFIE
Fig.3 Electrical performance of LTCC and silicon

interposers

5 10
Frequency (GHz)

15 20

56 HI&EHIR Vol. 33 (2017)



gll/,

Nd-Fe-B % — MR K A

Nd-Fe-B Bonded Magnet Integrally Molded with Metal Parts

HIDENSE"
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Fig.1 HIDENSE® series lineup
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Fig.2 HIDENSE® magnet integrally molded with metal parts
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Fig.3 HIDENSE" series demagnetization curves
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Short Stroke Actuator

Dual-Max®
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Fig.1 Structure of Dual-Max”
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Fig.3 Thrust characteristics
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Fig.4 Inductance comparison
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Fig.2 Thrust generation principle

F1 ARG

Table 1 Basic specifications

Dimensions : 88 mmX88 mmx117 mm

Weight :2.5kg

Rated

:1.8A
current

Resistance : 5.2 Q (20 C)

Power

17T W
consumption
Running direction
Rated . .
thrust - 140N Guide roller
Thrust 177 N/A 5 DUaI'MaX® BV £ L B
constant

Movement
Movement
Current (—)

Guide rail

Fig.5 Dual-Max” mounting model

Current (+)

Elevator box
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Consolidated Mass Flow Controller (c-MFC)

HG200 Series
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EROTFOa7ZEHTDL 57—
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IZXIB LT b,
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mass flow controller (c-MFC)

Fig.1 Appearance of HG200 series consolidated

F1 HG200 ¥V —X EAR{EH
Table 1 Basic specifications of HG200 series

Model code

HG200 series

Flow range (N2)

0.01x10° to 50 x 10® m3/min
(BIN 9 divisions)

PI function

Available

Electronics

0-5VDC Analog, RS-485,
DeviceNet, EtherCAT

Accuracy

+1% of set point (10-100% FS)
+0.1% of full scale (2-10% FS)

Response time

1 ##& MFC (c-MFC) HG200 & \J — X448

Less than 0.3 sec (Multi 1~5)
Less than 0.5 sec (Multi 6~7)
Less than 0.7 sec (Multi 8~9)

Control range

0.5% - 100%

products

Material SUS316L, Ni-Co Alloy, PCTFE
. Maximum
= : HG200 15C~50C
0.3 sec PR temperature
120 .
Multi <0.1% FS @ N2 50kPad
110 — 9
100 0—100% Response 1~6 *PCTFE poppet
s ® Valve internal Multi <0.1% FS @ N2 70kPad
Ez 70 leak rate 7 *PCTFE poppet
3 60 50O
2 so| |, +——/— [ 10--50% Response Multi | <0.1% FS @ N2 250kPad
3 40 i 8~9 *PCTFE poppet
T 3offf /7
20 0—10% Response Zero drift < 0.3% FS/Year
10 | .+ —
£ | Lz Multi-gas/
0 02 04 06 08 1 12 14 16 18 2 Multi-range option Standard
Time (sec) T
s NN T LL Cgﬁif?:; Standard
2 HG200 ¥V — X ERERMmDICE KT LLER
Fig.2 Response waveforms for HG200 series and our previous Data logging ) )
and save Available (option)
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Branch Jointing Technique for In-use PE Pipe of the Same Diameter for Middle Pressure B

EF-HOT 100 X 100-1U, 150 X 150-1U, 200 X 200-1U
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T LT&72, 5H%ITE SICHENR
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KEHOF T3k, hEB
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PSSR 7 A F3EH 841, HAZ
SR/BIOTAERA—H—12X 53k
B CTHED 7z, T/, REEEH L
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72o HIL&IEIE, FFE B ~aEH ] i
LEHAMKT L LT, MO 100 x
100, 150 x 150, 200 x 200 @ 3 L'
a7z
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(1) ALEORE
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DF — AT EEL, B A
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(a)

Bypass pipe

Branch
pipe

1 ATHEEERTEDER

Branch fitting for in-use PE pipe of the same diameter

Existing pipe

Branch pipe

Existing pipe

Stopping tools
of gas supply

Fittings (tees, socket)

technique

K1 ERIECHTIRBEALEDHR
Table 1 Problems of the previous method and advantages of the new

Subject

Problem of the
previous method

Advantages of
the new technique

Environment

Safty

Require the gas releasing

Almost without
the gas releasing

Customer
satisfaction

Require a temporary
outage of gas supply

Without an outage and
reducing the pressure

Space and cost

Require large
saving excavated area

Small excavates area

Workability

Require an instllation of
bypass pipe and a lot of joints

Only one dedicates fitting

dedicate tool

Part for branch jointing

Cover flange

Body flange for connection with

(ductile iron, polyamide coating)

Closing plug
(polyethylene) el
Clamp for fusing

([QEEES CE)

Electrofusion saddle
(polyethylene)

Fig.1 Comparison of the new branch jointing technique
and the previous method
(a) new technique (b) previous method

M2 ZEARBFOSNER (FURE 150 X 150)
Fig.2 Appearance of the dedicated fitting (nominal diameter 150 x 150)
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Metal Seat Type Segment Ball Valve

U10FW series
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I —HF—~OREEHED TV 5,
¥ R
(1) 7SV T DOFR— bl & R [H

HEHLOAMREG L TB Y B0 A

TR E 2 — M AT A [ ZEiR

OfgE] (B2 ik, ¥—F

HoaHEZ K TE, RPN

B TR Oy FRE ¥ — F

AL THEIEN VY DK%

ilcx %,

(2) AZ VY — b & RmMMLULEE %
L7z RIC L), v — MERE R
ILLTH D70, BFES - X
D RPN X B EERE, B, ARE
KgT&E s (K3,

(3) WV THERIZRAT v M (3L
TNFBDIZETR) A3\ 7z N
TN TR LIZC L, o
Wz LIS Wi TH Y, ZEL
7eEE R kBT X o

(4) WIBHECTHETE, iS50k
A& L CHHRETH 5o

(B5) AFZ VY — MIBIEHE Y — N &
DHBNED S YR TT DY — bDA
NEADVESTH 5o,

(HI SV TS )

1 BRRERmOIE
Fig.1 Metal seat type segment ball valve

Closed
[ Center of rotation of disc|

| Center of valve port |

|
v

50% Open

F1 EARMEH
Table 1 Basic specifications

Specifications

Fluid type (suitable)

Slurry
(gypsum slurry)
(cement slurry)

Body SCS13A

Materials Seat SUS304

Disc SCS13A

Hard chromium electroplating

Maximum pressure 0.5 MPa

Service temperature 120 C
Size 15~200 A
100 mm Connection JIS 10K flange

Operation method for valve

-Manual operation
+Air cylinder
-Electric motor

|
E%LJ ]

Body Seat Disc

2 “EfRiEE
Fig.2 Double eccentric structure

e

3 FAR&ZDY— M
Fig.3 Valve seat
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