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B1E B &

1.1 FRAOEH

KHIZ & o THEBE SN BERE PR REE, Fig. 1.1 [RT X912, & O TERK
SNMEEBHPICERIEEY = v PRES L, S5 3 CEREEMR T £l S
HHLDT, WERE, EEIROTY Yy IV 2bDTHs V@ KihEicko
T, BHPL1I/3ATHERZE 02 mm BEULTOEGESEHEIES ITEON, MR
E7OE APKEICEELINS.

Fig. 1.1  Photograph of In-Rotating-Liquid spinning.
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L Ladsh, LFIORT &) 2FEHFERELZREL L TERINTW S,
WZEMP 7 EN 7 7 AMEBHESELI10E, Yy M EERBIIHZOY = v b
DEHEREY HO, KBAEZERTLILILETHL. #hiI2ETT, Yoy
b & BIEREIE M OB EIEES X R E I CL, Yoy FOBHIEEL T
BT A2FELRLTILENS L. T/, HEEDHREISGEIVEE L WikE
TOYXRATHB7DIT, Fe-SiREE " RCu-Mn-ALREE 19 72 LN T M E O
ML ES THH DD, Vv VEE, Vv PAFA, NERERERERE
DWAFHIT Lo T, BONDMBOWMEILIRIEAERILT S, 0z, ik
DEBIEICE VIREBEZ LI HH), BEIAMIERTAL, BBl EICk
D REERIEATATEEEDDH D O, MEMTLA T 5 ERMMREESL20DK
BRSO REEOEIFEI N TWE, —F, /AN oHAERERY = v b
WATES SN 728 LT EEARIC 252w add 5. BIL, HVWEELERZ
HTAEEICOVTIE, NEERET TORRREXMEIEL 20, BEMNIESME:Z
MRFTELVWTHAHH) LEIOND, BALEERERLIRET A LELHEMT 5 &M
BB THERY = v MR SN CERMBAITEO K32 b LigfHsh
TR | COBREORMETHRIEESINIPEHLPICTH I EPEET
HbhH. 6T, BEEHERETIE, BEINBERY = v FPOEERBRCEA
LV, HE5WVIEBERE TNV Y FL, BERCLoTE FIA0HITABLT/
AN oADK R E, MBBEDOALLTEERELICBVTHRIEL 2535
PEL, HA5MeRE T2 TEIEETE RNV ELH L, &£ 2AH T, EfEMl
AR L CEMMEM & LTHERT 25635 1), KRB L o T T iEEE
MHELIUE, SN EE T A KBS E NS,

F 2 CARZETIE, BESEERER 702 R8BI 5B EIES OB & G
TR ERRR S 1TEE L7-BIERAIEEORIL O, UToZEHZHE L.
(1) FRIEEY 2y MROBEB LY 2y b & AR M ORBEIEEL I
FOEBBREEHLPIIL, Vv VORESHRGHEEDOFREEZHELT 5.
(2) HEEHEBFTHY =y POWEBIROEALER, Thbb, MR ERRH
WBrBHo»C L, MENEZE T 5 EREMEE 155 7200 8k &M DOk B3« L
T5.

(3) BALB R 2 RETATLRLR/RMT 2 2 LT, ERMEIHFLNIICVE
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ERDEFMBAL T ER T2 HFELREL, EEMGO TR EELHS
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% AR TR L CRIERBHICEASE T, BEESOREREZ KD, L
PL%DS, BEFRBHICBIIRBENORBEESOBG BT ERD Y2y b
Bc—H S5 L BOTHRBEEEZ2 NS, /2, EBRORERET R TIE,
BEEFHRE S~ IR S IE, BBAS EICBITA DUy b DR EIIRRHIC
IEF—ZBEEZTIVDOIIHNL, BRODERTIE, HEBEARICATWHEAD
I ANFOMBI V72012, WA EIC BT 2 BB R ORE A4 Z) 4 K
TLTWLEWIBEDIRITBY, Yoy FOSHBARE2ELICIYI2L—T
ETWhEIXE 2%\, —7F, Gillen and Cantor “? X, €BVEEICI>TEL -
EEFRTAHIEICERBL, BELEDLIVIIEELOEFKEETFORD, o—ik
W& B EEETFEEROETOGIHEE 2 HE L, Soares “¥ & IXEBHIHG IR
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LA, T2, BoOV VECHEAMY Ly FEBEREL, FOEEEE»S
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TKPHW SN S, Motte and Bromley ®® {%, Bromley 5®? DR % b & (T HIEAK
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DTELHABER, BBEED Yy METHMESD2FIHELE T2 E L
TWw5b, ZORRIIPb-SbEEIIXTT HAbeH O DRRICO U TIEEF AL L) TH 5.
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i

Mo | t“en
(b)

Stainless Wire

Fig. 3.2 Photographs of separated flow around molten alloy jet and stainless wire
(Drum velocity 7.85 ms~ ', Water temperature 285 K).
(a) Molten Cuyg Be,, Fe, alloy jet (Ejection temperature of the melt : 1333 K).

(b) Stainless wire at room temperature.
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NZE, o BRAEEE, V., RBERDWEE) 25 0013 L/hd3nize, Yy bl
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Wwa, LaL, [EEFROIRE, Fig.32(@) & (b) TERKELELR->TWAE, 20D
BEAT VLV AL LZEETCHE. 22T, EFLTOTLHBHRR 2
bl LT, Fig. 3.3 12Sn,,,Pb,, &Y = v F &7 FIliHICHEE ( EEHR
Bt I Sl AL TICRE ) LIhE 2T, Z0HGEDORBIERDIEIRIG Fig.

Fig. 3.3 Video images of separated flow around molten Sn,,; Pb,;, alloy jet
(Drum velocity : 5.24 ms™', Ejection temperature of the melt : 506 K,

Salad oil temperature : 289 K).
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Distance in Circumferencial Direction , X / mm

0 5 0 15 20 25 30
I | | | |
: L
N
~ 10F Gas-Liquid Interface

-g V, = 7.85 m-s1
a (A) CugsBe,Fe, Alloy Jet

5 Stainless Wire ( Cleaned by Methanol )

(C) —— Stainless Wire ( Greased)
20

Fig. 3.4  Effect of wettability between filament and water on the separated flow.
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3.3.2 BRE&& v FORESHOREE
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BIREIE, BW, B, BERBE, BB L OFRE WO RREL EH. B
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T—F SFEL B,

FITARYI2VL— a3 ry T, Fig 3.5 IWRT £ 912, KFEHAESHBKFRES
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< 7 0 70 FEE BRI IR R B A IC L Y, 7, ERDIETHRIC
BWTIE, Vv M HHKSERERT L MERERZEICL o TY 2y b
Mmans ke 7.

Vapor + Uncondensable Gases

b | A | /
—H - i — K= _ —_
- — — _H- _ <—— Gas - Liquid
— | -~ g _ /=\ — Interface
|
"A A - A cross-sectional view

(a) Water quenching of high temperature horizontal Platinum filament.

Vapor + Uncondensable Gases
Water Surface ¥

Gas - Liquid _ | \"¢—— Gas - Liquid
Interface _ __ Interface
Molten

Alloy Jet B - B cross-sectional view

(b) In-Rotating-Water-Spinning.

Fig. 3.5 Sketches of water separation in water quenching of horizontal
filament and in In-Rotating-Water-Spinning.
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—x f(9) (3.1)

A ReZOS(B)OSB

A, Pr0.3
L rl 0.35+0.34Re;0- + 0.15Re;0-98 ) x £ (19) (3.2)
( ] 1777)

by =

(@ r=A¢ (b) r=2A¢ (c) t=3A;

Fig. 3.6 Change of region of calculating jet temperature every time step

and definition of the length of cylindrical element.

.42_



£(B) = 0.462528 - 2.81715x 1073 - 9 + 4.27842 x10~4 . 92 - 5.2657 x 10~ . 3

+1.75205x 1078 . 94 (3.3)
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C,., AT C ., \T;-T,
A= pv sat _ pv(] Sat) (3.4)

Pr,-L, Pr,- L,

g PGy M P2 0BGy (Tt P2l
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P i
V., -d
Rey = I* (3.7)
Vi
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Water Surface

Melt Jet

Fig. 3.7 Relative velocity between the jet velocity and the water velocity.
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Fig. 3.8 Relation between dark and light gradation of the surface of Cu
sphere on the photographic paper and temperature.
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Fig. 3.9 Cooling curves of molten alloy jet in the rotating water layer.

(Ejection temperature of the melt : 1528 K)
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Fig. 3.10 Cooling curves of molten alloy jet in the rotating water layer.
(Ejection temperature of the melt : 1343 K)
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Fig. 3.11 Relation between the cooling rate during the solidification
interval and the diameter of filament.
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Fig. 3.13 Ralation between dendrite arm spacing and ejection temperature of the melt.
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Fig.4.1 Schematic diagram of the In-Rotating-Liquid-Spinning apparatus.
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Table 1 Experimental conditions for spinning of Sn., ,Pb,., at%

(liquidus temperature T,, =459 K) alloy.

Nozzle diameter , d, 140 - 300 pm
Ejection pressure , P, 0.1-0.4 MPa
Superheat of the melt , AT, 64 - 564 K

Jet incidence angle , ¢, 0.26 - 1.31 rad
Drum rotational speed , N, 1.67 -3.50s™!
Velocity of liquid surface , V,, 2.30-5.06ms™"
Distance between nozzle tip and liquid surface , / 5-30 mm
Temperature of coolant , T; 282-315K
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DWEHEER, T, , 2737y FHBOBFTHEL, m LT 25V vy FOFH
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Fig. 42 Measurement of molten alloy jet diameter with a Laser-Micrometer.

Roundness €

Fig. 43  Definition of the cross-sectional roundness of spun fiber.
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Fig. 4.4 Relation between mass flow rate of molten Sn-Pb alloy jet

ejected into water pool and superheat of the melt.
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(a) t=start ~3 s (b) t=3~6s (c) t=6~end(6.5s)
Fig. 4.5 Video images of the behavior of molten Sn ,,, Pb ,., at% alloy jet

ejected vertically. d, =0.19 mm, P, =0.15 MPa, AT, =264 K.
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Fig. 4.6  Fluctuations in diameter of Sn ,, ¢ Pb ,,, at% alloy jet during €jection

measured with a laser micrometer at the outlet of nozzle.
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Fig. 4.7  Effect of superheat of the melt on the Sn ,, Pb ,,, at% alloy jet orbit.
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Fig. 4.8  Effect of superheat of the melt on the roundness of the obtained fiber.
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Fig. 4.9 Calculated cooling curves of Sn ,,; Pb ,,, at% alloy jet in rotating .liquid layer.
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Fig. 4.10  Effect of ejection pressure on the roundness of the obtained fiber.
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Fig. 4.17 Change in the cross-sectional shape of jet in rotating liquid layer.
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Fig. 5.1  Schematic diagram of the In-Rotating-Water-Spinning apparatus.
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Table 5.1 Experimental conditions for spinning of Co-Cu-Be alloy.
The values in parentheses are for Sat.%Be.

Nozzle diameter , d, 0.05 - 0.28 mm
(0.09-0.16 mm)

Ejection pressure , P, 0.25 - 0.40 MPa
(0.35MPa)

Jet incidence angle , ¢, 0.925-1.187 rad
(0.925-1.100rad)

Drum rotational speed , N, 4.17-6.67s™"
(5.02s7")

Distance between nozzle tip 5.7-9.7 mm

and water surface , [ (64-9.7mm)

Temperature of water , Tf 278 - 284 K
(278-284K)

FHRPCTHEERAHRL, AERN Tmm OAEE TR LI CTHAERKERESE L ERL
7z (LM%, B BT ERRT S ). AEEEOMBUE {Cop_,) Cu, } 0, Be, TET
Z&izl, x=5, 10, 20, 25, 30, 40, 50, 60, 70, 80, 90 B LU 97at% & L, Be ll
DWTIHRAT y=5at% & L7z (U, AEDBSHE at% THKT ). Fig. 5218
Co-Cu BEDFHRER P %287, HEOORMARTEIZHNEGEDCUEETHSH. &
B, INOBESERIT 3gBEL L.

Yz oy MESIRR, BEEFBHTOY y MR HEBEOTBIRITE CCD Y 7 A
HAT (T x vy —FBREER 1074s ) TEBEL, 57— 7IZEE Lz (30 a~<s™!)
L ETFGEE -V PV Ea—FIZHY AL, ) Y RDEERERNS, Ty
AR, @, JANVEESLY v PAFKT TOREM (RHMEME), |, BLUE
HRBE S ko,

SEEAIIKEK E L, SAERICERKFRER CHIKRE, T, ZHELL.

Be% 5at% N L7 AEDERTIE, o7/ Y 2RPNL TE2EkOES 2 HIEL
7. FZANAB® 1.5 mAEDT, BE0:HI2, BN HBBOBIER, IL, ,
IZED 5, 1.5m U EOMIBOKIER, I ,,, DEHAETLEFEEOFMZEIT- /2.

S REMBOBMNME ZFMT 570, BRICBVWTHIERBREITV (0T HHE
Ex 1.667 X 107*s™'& L, SIERBME I/ OA~AY FAE—-F%333 X 10°ms™ ' B&
833X 10 ms™ ' & L7 ), MULFRBSZHEL .
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Fig. 5.2 Equilibrium phase diagram of the Co-Cu alloy system.
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5.3.1 Co-Cug &L UCo-Cu-BeB&D#HixH®
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7200, BEEMBEEEL I TSERMETIEZVWEEZ bR,

ZZT, Bex 5 at% IIE L. ZO%EIE, Fig. 5.2 ’Olﬁl&iﬁcifﬁ L 7z &k
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Wi AR D —Bl % 7R § 45, u\fﬂ@%ﬁfﬂzc:z‘suxf%%ﬁci#% 2 LTk b B —

Fig. 5.3 SEM views of surface appearance and cross-sectional shape

of Co-Cu-Be alloy filaments.
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Fig. 5.4  Spinnability of Co-Cu alloys with 5 at%Be.
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Fig.5.5  SEM views of slowly solidified structure of {Co o, _,,Cu, } osBe salloys.
20 at%, (b) x = 40 at%, (c¢) x =50 at%, (d) x =70 at%,
80 at%, (f) x=97 at%.
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Fig. 5.6  SEM views of rapidly solidified structure of {Co

Cu, } oBe ;alloys.

- x)

(a) x =5 at%, (b) x =20 at%, (c) x = 30 at%, (d) x = 50 at%.
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Fig. 5.7  SEM views of the longitudinal section of rapidly solidified structure of
(Co ,,Cu 4 ) os Be 5 wire. (a) d, = 0.12 mm, ¢, = 1.012 rad, (b) d, = 0.15 mm,
@, =0.925 rad.
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Fig. 5.9  SEM views of the rapidly solidified structure of ( Co ,,Cu ,,) s Be

and ( Co ,Cu , ) o Be ; wire.
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EXTA - VAV VR (=0T, /(pAH,); 22T, o WGEEEN, T, @S, p &
B, AH, ZEEEH) C, D IBAMHP TOBRELBHRETH 5. EER 1 DEDFA
B 7%, HRMED 30at%Cu D7~ FI A4 F2RT7 — 2RI, C, 2EHLLT
MBACuIREE 5 ~ 60 at% DT A, ZFHE L7z, %8B, C, =100at% & LTHEHEK
RDENT 03 % LATH o7, HEEFRE Fig. 5.10 KHEHRTRT. REH, &
EHPEMEFHEMBEIL, 20EAICBVTHBRHBV—BEBRON, TYFI51 2K
7—LHRIE, X (5.1) THARETURLEEZON, TOZEPLD Sa% BED
BeRMNZ Co-CufE D BEMMBIEKICE LB BLIZL TWwiAVnWbDEEZ LN S,
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Fig. 5.11 9 B X U Fig. 5.12 @ ([Z5 BRREBR 2T o R 2R T
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600 :'o (Co (100-x) Cu . ) o5 Be 5 at% Alloy |
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é“ - @ O o o -
E F° L .
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Fig. 5.11 Relation between tensile strength and Cu concentration
of rapidly solidified wires.
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Fig. 5.12  Relation between elongation and Cu concentration of rapidly solidified wires.
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515k S 13, Sat%Cu T 500MPa &k 2 5 E\WIL I Z /R L7275, CugdBEhz e
AMER A S, 60 ~ 80at%Cu D AH 53 BEHLKE T L 400 MPa 2 DK WME & 72 o 72,
80at%Cu LL ETIICuB DB WG IRIE S 2SR HA L7z,

—%, UNE, 0~ 50at%Cu (2B W TIECuBDE ML WIRA L7275, 30 at%Cu LA
TOMBETIE 10 % BELL EOFGWHTEZR L7, 40 ~ 70 at%Cu Tl 5 % LLF D
BNz E £E D, 70at%Cu L EIZB W TIZCuBDBERITIE, HUHSHTRE L 72,

Fig. 5.13 7 |25 [BRAEMIER D SEM %%/~ ¥. 7 N7 4 MEEMAR L 7 - 72 20 at%Cu
DA TIIHBE R EEREEZRLTWS,. —4, :*ﬁﬁ%ﬁﬁ'fﬂ%&c‘: %o 72 60 at%Cu Df
# (Fig. 5.7 (b) D & 912, Co-rich A BKIZHA L 724Kk ) T, 13 ALDRFIE
L TV WIRTLTHEE L TWw 5

(CogyCuyp)gsBes

Fig.5.13 - SEM views of tensile fracture surfaces of ( Co 4, Cu ,, ) 4sBe s

and ( Co ,,Cu () s Be 5 wires.
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ETAT, Y =y MEFT ABEZHLER, PES0mmOMITEEICZITAT L
7% 5. ERTHRR A 95 120E, BEMUATIZ Y 2 v PRI SR W L ISR TH 578,
@@&:waé,9t<t%FiA¥%@%V:miiéﬁﬁ%ﬁL P L 2 Wit
W?%é%%ﬁ%% Fig. 5.12 IZ/R L 72 & 9 12 40 ~ 70 at%Cu DAAFR D OIEIEH 12/

, BigICHEORZLMIFTICERZ SNV B, BoN/lEE
@ﬁm:ﬁw b, Fig. 5.14 IR T L ) ISR HEZERTE 51 EOHITAHfETH -
2. ZOMHOES HBMEOEREEZMEILEDIIEFESG LEbDEEDNS,

BWHFTH Y ZHAOHMEBEORZVHIFOTRETHL L), —RERKTAEI R
DWEITKEZEBRZE Y, Fig. 5.11 1278 L72 & 912 60 ~ 80at%Cu DAl D5 3R X 134t
DA DM E FIRETH Y, Ml FOFEENPENZ Er—HEZEZHNEDS,
DE)BHENEDEL I BRANZALTELZODPEBHT AL LEETH 5.

Fig. 5.14 SEM view of the as-cast ( Co 4, Cu 4, ) sBe 5 wire with full ductility.



5.4 #

il

Co-Cu B &\IAHE 2 B A 28 U, [EKF#E4 BT & 2 Eieil#R o SR LS R #
LFEENTz, EITLFEL L TBekMERML, MHEDERMEDM LI EOR ERRL
HEPERAR. Fiz, BREMERICE JIZTHBIKESE L 2612 X 5 BRELE TN,
BIEERER DT o 724 HR, DTOZ LMoL o/,

(1) Co-Cu 2TCAETIX, CoF I B L UCuF ) O LBMEEIAFIROP KT,
EFARIIE O N Do 7.

(2) Be%Z 1at% FZERIIT 5 721 THEFGMBEIH/ON LK LR, 5 at% HmiML72%
FiiL, SHREMICBV TP ABMAER (1.5m) ML EOEGHMRIHE Sz, Co-Cu
BEITT L TBeld EHANRICICHI R ZR/IMTETH Y, RMEIL Sa%n THHTH 5
ZEDbhrol, T, RELEY v MiEESI121E, BEHE AV &% 28Uk
D, /AN EDRIEAEBEIET LEX L VHICHHEL, BETAZLPEETH o /.

(3) W EVFH (1G4 ) oBEMRRIE, 5~ 70at%Cu % T Co-rich AT FF 4 b
BeE LT, TV FFAF2R7T—LABRBIZCuEDEMICE 2V, 20 um 75 4
pmF TEAD L T {HR\2 S o 72, 80at%Cu L I Tld Co-rich D7 ¥ K7 A MEREIX
FHLNT, Curtich#HOTFT Y FI 4 FAFTDLNT.

(4) FhR 2% A OBEMARIE, 5 ~ 50at%Cu T Tid Co-rich /1A%, 90 at%Cu LA LT
Cu-richfH2SZN FNTV FIA4 NGB L7 TH o7, BHIZIoTHEL 5BEIC
L5 A BT 60 at%Cu THHBRICHIBITE, WHIEEA S\ & Co-rich H & Cu-rich
BENENAIRICTBE L, GHRIFEEIME G E ITIECo-rich #H2%Cu-rich 1D HIZFIRIC
A L7z 7038 L UF80at%Cu Tid, MIFRRTIHEMITRARIC A8 L 2k TH o 72,

(5) WM ETH LHABEMOT Y FI4 F2R7 — 2BBOEY, T EIFEEOREER
ERREBIOHABROGHBROYI2L—Yardb, KEERIIOVWTY, FYF
T4 PRI TR 2 R7 — L HRPRERX B OGEEEDK 1/3 RISHLLIT S
L) —fRAISEATE S LEZONS, T2, Be 25aB M L7ZHETYH, HEH
BIXUEEAHEDLIZ, FUFSAP2RT7T— BRI, R(5.1) THARETFRTAREL
Zzbh, ZORED Be IRIME Co-Cu 2 TLAEDERAMMBIERLE L {EMLEES
bOTIELZWEEZLND.

(6) B ONTMMRMIIETEHDSTE LI EDMITVIETH Y, 5at%Cu T 20 % BED
BWHETER/RLZZ. LA L, CuRDBRICHEWETEED L, 40 ~ 70 at%Cu Tid 5 %
DFOBERNBNCE £F o7z, 5IEEM S 1d Sat%Cu T 500MPa 22 5 B\ MELZ R L 72
5, TOMOMBTIE 300 ~ 500MPa TH o7z, F7z, MBOWTHEIZIRIZOWTIE,
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F6E BHENCLIBREED v MROREBHEEEDOEA

6.1 #&

(]

RV PR BT 2 BRGS0 FE SN TR W0 | 44 &
FETOHEMEEZ A 5 EMHOBIMEICE LTRETL, &EMAREORKD A
AREBRHICT HHEXHOPICLTELD, HR&b0RE 72T CIERIIEEIC
W2 MES 5. 728 21, MAIDL ) IZBEDRSWEER ) ZNVENIEEIC
INSVIEER, BRIV v FOREFICERCEATE LD o720, D WdEEER
AT 7Lz O BARIZE o TREEE R 2NZ L7274V AN
FIEADK R EOMBEEELDZ D5,

F 7z, FEIETITER 0.15 mm #EE D Cu-Be-Fe EEMBOLGET, BREXEDF
PG EEEIZ104~10° K s™' BETHA) LHELZ. LH»L, ZOBREOEHHE
BT, BB —MOEEMBICES D, GHEEL LT 212i13%
HKY 77— VEERESTHIEPHRHTH LI L 22, EIBTHL2ICL
TW5D, ERICBVTIRFISEWY 727 —VE ( 90K Hifk) THR%1ToTH
D, GHUKIREZRET5 2 L THHEELRERICMESE2 2 LI3P/HETER N,
EREEY =y MAEEmEBIRAICE L TERIL TIRNE Z L s, $E3ETIIRE
ERDBLT, fF(0) ERETRRBREERBEL:. Yy bOSSERET 5121
:@ﬁﬁ%ﬁ,fw)%lmﬁdwéztﬁﬁéﬁ,vlybuﬁmiéﬁgmﬁ
EXEAT 20T, MBHHBROMBEMET LTLE ) TEeErd 5.

ZFITARETIE, $AREHORE LZTTE LROMERBIT 5 2 LWL
Z 2, KABAZNMEET A & TEREN 585 CHERPH R 21TV,
Vv MIBEBETAZLILE > TR ONIBRITEREES Y = v MR 2 REIIC
HET2HELZHEBE L. ShCE - T, BEERMAES Y =y Ml E HEICHE
BBMNICRASIELE L BIZ, Yy MikHEEBHRL L OESOE &V E R
EETVzy VOREZREITE L, T2, MHERROBSHEELL &S
L7z, 85612, 3k, AHRETIEERMREO BIEICERPELN TV 505, B
NENVAMIHFEGE LTV bESRTL, SN 8ET 2 b RE L7z,

dB, BERETHAENORDOERAE LT, MEEMBORAaG~DWRET %
FMALT, ERBENY 2170 TEEOEHLZR - 26155 5 9 . Zoigs,
FOTEBEMEHIRE S NS BIC, KR 3 R o7 B RIL 530 TH 5B,
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6.2 RBRERBHIURRAE

Fig. 6.1 \(CEREBOMKZ/RT. AEY T AE (SME 1lmm, P 9mm) & Nk

~— Copper Lead Wire
Rotating — Digital
Drum = - Thermometer
Velocity _
Controller Thermocouple
J
M Quartz
e s 11 Nozzle
il P Melt
Tungsten Wire/// HIN | .
11210 | | Induction
- Magnet o< T Coil
alogen l O Magnet
Lamp ,/ i VB
e
N
N
.. Video
Diffusing quUId Layer Melt Jet Recorder
Film |
Personal 0 Monitor
Computer TV
DC Power 4 —
Supply ~ © Ar | L Dlg——
Relay Unit Gas Pressure
S Gauge
e
Fig. 6.1 Schematic diagram of the in-rotating-liquid-spinning apparatus.
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B LT/ AVE (BT VIR OB EH 10mm LT ) 2 BR S/, Z OB
I AN—BEVERD O ICEBEE R AN, BAHIEDO-0 ) VRO R E TV
TYHATHTERLIZER, SRAEFENREEREICL>THEREL, A7 v VAN
B K7 4 (A% 500mm, 18 40mm, @EEIGERRT 2 UVE ) RICEOHTHERSE
7o (& 20mm ) HICHEST L. 2 ANVER, d,, ORFESEREE (0 RS
10 pm) THIEL, BHEHENZ TV FOEXENET, FI oK IEEMN T 1

Ty VR TEREREIE L.

Fig. 6.2 IZ/RY X 912, Nd-Fe-BRAKAMA%. 80 mm DEMEE BT OIMEREL
TSR L, A VEFERRET CRERELAEL (WEBEX 0~ 1T
DPEL VT £0.02 T ). Fig. 6.2(a) BT IBABDOEKEBES AR % Fig. 6.3 12
TS, WMAMTROGABEFREIRIN 045 T ThHo/z. Y v PADEEIF Fig.
6.1 ITRT &I, BHENICY VY TATUVRETBAL, AF YLV A FI LHEE
SMINCSHE T T L 28 S TEREMBEHR L, ERLELMERICL ) —EBR
zi L7z,

L Y [95/
95
Magnet 1—*/ Magnetic Flux

Magnetic Flux Magnet
(a) (b)

Fig. 6.2  Formations of magnetic field with Nd-Fe-B magnets.
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R NRERRN LARRERRRRE LRRRRRRRRY LRRRRRRRRY LRRRRRERES
y 3
0.5 Center of Magnet x =0 B * 3
( x Direction ) / ) (y E
= : ‘Z?
S~ ! 0 > —:
B 3
- 80 =
2 =
-5 1J :I E
5 03} i x=32mm \\ —
Q ; \\. -
E N A
S 02 ; x=72mm A\ 3
é ” Center of Magnet =
20 (y Direction ) 3
= : x =112 mm -
0.1 =
\ X =136 mm 3

0.0 B
0 20 40 60 80 100

Distance from Center , y / mm

Fig. 6.3 Distribution of magnetic flux density in the static magnetic field
formed by Nd-Fe-B magnets.

T, NIVARERBEBARAALZN—VF VI Ea—FTHERMEE Y =Y b
DEBEEMEZ I PO—) VL7, Fig 62(a) DBE, BREGEY =y MNRICEAT S
BRINEF T LR HETH LA, Fig. 6200) IIRT & 9 RBARE CERIOEH
HR%EZEALS . COGEORARTROFREREREIIN 040T TH o /-,
HEEE&ICE, BOOEELZITRWIERMEAME & L THAL( 99.9 mass%), Sn,,,
Pb,,at% 54, Sn,Pb,, Bi,at% &4, Cu,Be,at% &&x AV, BHAHE L LT
Cog,Cu g Beat% &% V72 (LM%, ERAE&%#AL Sn-Pb&E4, Sn-Pb-Bid<,
Cu-Bed 4%, Co-Cu-BeBS&LMiLT 5. ). Sn-Pb&%, Sn-Po-Bif&ld, #hFhs
E 999% DAX, §f, CATA%ZAV, BHAEDIZTTRAPRHR L TEEICHK LA
A, MFEREABEELER L. Co-Cu-Bed % B &L UCu-BeS &3 % 2 hph BE
99.9% DEMFEINIV L, BEXMBLUOHMENS ORI L% TVIF ¥ vV,
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TVI Y FERRPFCEEEERL, AEE TR EFTHERRESGE LR L.
EHERICDOWTIE, #Al, Co-Cu-BeFEB &L UCu-Bed4ETid 3 g BE, Sn-Pbk
Sn-Pb-BiEE&ENHETIL 6 ~ TgEL L.

MEEER OV y MBFZCCDE T4 H 2T (Vv v & —BIRERH 1074s) T
B GELZ (302<s™)., EFFBEZ =V F VI Ea—F |ZRDRAA,
T Y WBAEGRR,NS, Yy FVARA, ¢ , S ANVERPLT 2y FASRE
TOPEMESER), ¢, BIUOHERBES 2R/, .

HBHWEEIZIEZ Y 2y PANOBEEBEZHICT L0, BREBHRE LT 5massh D
KCl KEREFH, #AERICERKFRES CHHBFRE, T, , zlELZ,

3B, #Al, Sn-PbB L USn-Pb-BiAE&TIIHRE 04mm DHEEN T ZAEL2 AL T,
RE7Z-BKEHEN THHRE, 7, , 2WEL/. Co-Cu-BetG®B L UCu-Beg& T
FEGE /  ANEDRINE TELZIFHNET 572012, TVNIT Uy T ARG L 5H
OmEk - L TS L.

6.3 RRERBELUEER

6.3.1 BWANICKD P v NLEFHIE

CIEREMEM BN DOWT, Fig. 62(@) DL ) ICEALTRE L, EEEE L TERD A
B X7, Vv FAAEAL LT NS ABIZEREL-UBED, EER LY v b
AT ED L ) ICELT B 0%, AbebDENT © #BEICLT, LTOEFLVTY
Ialb—hMLTZZ.

Vv FPEMELT I I ABICEELZUZICBLWTIE, BONICX hEL
TAXD KT ABEZHLNTONE., VANV LB ENBREESY v F
BT THERY Y MiZHELTVWLIDIE, E THWEERIE TEDNT
WhHDEEZLNAD, FILIZEBLAETAYIZE - Thlokbh, Yxv b
HEPMBEINTWEIEEIE, FI20EBL TWEWESIZOE LT »MERT 5
EEZONE. LaL, BALEEO Bl FRE, BIb L7274 Yo iiFmiEil
CIZEEZEP OMITHEIME 2 EXARHTH ), BRRETO Y2y MF2 RO S 2
EERE-EHMELT, Vv FOBMITHIERELIORBECERL, /S ANVr L
B SN BN TR RO ES M E kOB L L Lz, $4bH, Fig 6.4 1IR
TEHIT, EEEREFRTOY v MR EOM/NXE (ABRE ) (BRI 5 idiE
A EBEATHAL L7, REARDBLIUBRIOY = v MR T 58 H
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Center of Drum O

40 Melt Jet o,

r \ _>/
r+ dr A
. iElectric Current J
o

Rotating Liquid

Surface Viw(r)

K

Magnetic A _da

Flux dr D oc <

B(r @ do \ ‘?}/‘ Vw(r +dr)
_— Bﬁ /

V. = dl

Fig. 6.4  Schematic representation of the jet orbit in rotating liquid.

M4 F, BLXOF, L35, Yxv MIET2EHEOHERID S, Fig 6.4 D AB
BTy xy bOERKD do ZRILIZETRE, BABH4Y-YOY 2y hoiE
BHEZEIL(AF, ) EINLDNDET (F, —F, ) £ED894 9. AF, , F, BXU'F,
FENENLTO L) IZEKES.

nD2
AF =—ijj2[T]]~da (6.1)



1

F = ECDpW{VW(r)sina}sz -dA (6.2)

E =1-B(r,0)-dA (6.3)

ZIZT, p Vv MEE, VIdVy MEE, D3V v ME, o BEBINY
M&Tzy FMLBFE DRTARE, C, ZREILIRE, p, IZHIEERE, V, (0 13
KT AEEGHLD? S r ODAEICBTAEBEE, A 3V 2y MIUERIIG o B, |
GV PRRENSER, B(r,d) IBEERRCIBITS (r,0 ) OMETORK
FEETHAH. 1o,

tanazd—r- . dA = A rd®)? +(dr)? (6.4)
rd?d
L0,
d?r dr 2
do \do2) \do
— = 5 (6.5)
de ) (dr)
re+| —
do

E%Y, DExERTLE, ROBBRIFBROLNS.

1 .
(der [ECDpW{VW(r)sma}sz—I ~B(r,19)] { ) (dr )2}
r = Xr™ +

_ "
o ()

do?
JANVHOTD r=ry, o =0, ZetEOHREELTH L, X (64) 225 dr/dd »°
Boh, o OMNES, do, 25222&Tdo BTO r0%fk, dr, ME5H
5. K (66)2DLr=rllBITA r(d2r/dd?) RDODENLEDT, r(d?2r/dd?2) &
dr/d9 (=rytan ¥y) 3 (6.5) IRATHIE, dd BITO o DEAL, do, 25KD
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bNhb, Fizilr=ryg+dr, a =0, — da LBVT, ZOBELZHYETIT 9 &
r DRBRD 5N S,

Sn-Pb&&E & Cu-BeFE&E L HVTRHRA L / XV % Fig. 6.5 IR &9 ICEEL72%
BIZDWT (L, t340mm), K (6.6) ZEEMIHEVIHRE (Vv MEIEZ/ X
WMEEFEILE L), YVzv MLBFOBERRZ Fig. 6.6 II/RY. %8B, Vv b
AN OERHINTHBERZETTAHOBRTEIX, BLZ 01 ~ 04T OHH
Thb. Vv MUBRIC, EIKET 505, WEPTOLA I VAB(V, ()D, /
Vy, , V, ISEHBRABREE) I v, (ISKOEEZAH T HIT 1000 LETH Y, C,MEIR 1
~2 LEZTRW Y| SnPbARIIHEREHTY = v P OWERERITKE (BRI S
N5z &0 F7, QuBeAETRAREORVITEL A T5MM%EoNeT <,
HREHTHY =y FOMERRIIMNEZEREL TWEbDEEZLNSL Z LD D,
@DC, =1.5BITOB)DC, =101 FhZLEELLN, /XL 30mm FE
oL ZAFETOHEZE, SEERLENEROBBES FIMICBIT5ES 0.5 mm
BETHY, KFEFETLVTHYIaL—FTELI bR o7,

Center of Rotating Drum

‘: Rotating
/ } Liquid
Layer
75
L Rotating
Drum

Fig. 6.5  Setting of the magnet and the nozzle.
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14 Ejection Pressure 0.2 MPa =
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E 4 F —_— 06A =
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Fig. 6.6  Observed and calculated jet orbits at the states with and without
electromagnetic force.
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—7%, Fig. 6.6 (c) DFAIDEBERED Y = v MELERE, —HEE FTIZHEATS
OO, TORWMEMICEE EAS L) ZEHE Ro7z, BIIRT LI, C,=1.8
ELTHBHAFELAZLOD, ¢, EOATETRETOMZ L I 2L —FTEL
Mol BEFEBATREE T Y 2y bANT UV RTBEI Eidhdhorzds, Ny v
FEo404L LT, NS OIZHAE Yy M DFREREEHEEDOHIEIC L S
REDZIHRBL TW5., SEERRA ¥/ — Lk LM AIB X U Cu-Bed & L1
WENCH W2 T LT, FOME" X 28 ATmit z B LR
Ti, MAIDOBBNEIICu-BeAE LV Eh o7z, T/, MAIOSIRICBIT A HTH
B Cu-BeBF& L DKL, THICHBRICL B REI»Nb o> THREIZH D Bk e 2 -
2dbDLEZLNS,

Sn-Pb&4E, Cu-BeGE&DWE, HEEREOY = v MHEMIFL T, #E LB
BIZBWTIE, Fig. 6.6() BLU b) IRTLHIZ, EDNEIZBWTHRBHRNT
MEZHEHEOBRAR G 2ETA I eDbrsb, LrL, MAIDOBEIZAS S
BTREEBRNARE ZERAMOBREIELTZHETHEOD, FTHRANI BV TIIHE
BN F OO BHARS 2 BT 2EBIFEAT 5. S0, BEACL) V=
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Fig. 6.7 Relation between the ratio of secondary dendrite arm spacing

and the electric current.
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Fig. 6.8  Setting patterns of Ne-Fe-B magnets.
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Fig. 6.9 Relation between the cooling rate of Cu-Be melt jet and the electric current.
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Fig. 6.10 Ralation between calculated jet orbits of Cu-Be alloy and the magnet position.
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Fig. 6.11  SEM views of cross-sectional shape of Cu 4, Be ,, at% alloy fiber

deformed by electromagnetic force.
(Electric current : (a) ; 0 A, (b) ; 100 mA, (c) ; 400 mA, (d) ; 800mA)
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Fig. 6.12 Change of the incidence point of the melt jet with the electromagnetic force

and the position of the accumlated wire on the inner surface of drum.
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Fig. 6.13 Improvement of the roundness of the obtained fiber

with the electromagnetic force.
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