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Production of Lead-free Copper Alloy Wire

by the In-Rotating-Liquid-Spinning Process

Mitsuyoshi SHIMAOKA and Shun SATO*

The spinnability of copper alloy castings on the In-Rotating-Water-Spinning Method has been investigated.

The surface appearances of the obtained wires were observed with a scanning electron microscope. CAC406,

Eco-brass and Safe-alloy have been used as the sample alloys. Eco-brass is equivalent to CAC804 and Safe-

alloy is equivalent to CAC911. Eco-brass and Safe-alloy such as lead-free alloys have been selected, because the

preservation of natural environment has been strongly advocated. Long wires from 100 to 7400mm with circular

cross section were produced in cases of CAC406 and Eco-brass. However, in case of Safe-alloy, long wire above

100mm in length could not be produced. The surface of CAC406 wire was not smooth and the cross-sectional

shape was not circular. On the other hand, the surface of Eco-brass wire was very smooth and the cross

sectional shape was circular. Continuous CAC406 and Eco-brass wires with fully ductility and with circular cross-

section could be produced relatively easily.
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AT T7UA, Ta27T AP HBIBEBRIMENT
WHZENL, TNHLOMEEIIDONTE  ANiEED
DRI D TR BV h & OB T 59,

Z ZTARWIZETIE, CAC406, ¥4 7704, =37
FTAD IEDOEEIIOWT, [\lfEK#REIC L 2 Ef
HMIFROBUYER A, 2O DEEDOFHRMET DV TGS
THIERHMET 5,
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CAC406 122w, #EEHDZ 121 999mass% D
Cu, Sn, ZnBLUPhARIICRTEHERIIZR S LD
ICETFRFECTHEL, ZILEY v~ Y ERICAR, &E
PERFEIMBSE S X D gk - B L, AT T AREE
(74249 35mm, WER 04mm) THoIc##E L 72
WEH) Tmm DHIET T A TR ETHEIRGURS
GSElEl L7z, 20k, BEEGELERET I AE LD
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Algz K R30S & 2 MR E R 2 RO L 720 2 A
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N 7 & =M TS D S5 L TIHW 2 )
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ENTWD, AL 7T7H41E, Bi&SeWbTricagF
NTWELEETHL, INODOEELERILTIEE % R
L, 2~3gMEL LD &)W L TR s k% 15
B L 720

Table 1 Chemical composition of sample alloys.

(mass%)
CACA06 Eco-brass Safe-alloy
CACB04 CACI11
Cu 85.0 76.0 88.2
Sn 50 | e 43
Zn 5.0 21.0 5.5
Si | - 30 | -
Bi | | e 1.8
Se | - | e 0.2
Pb 50 | - small amount
Pl small amount small amount
Zr | e small amount |  ------m-

[ 1A RIS T R B O BN % T, [N T A
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DIzDIZ, BOIFNDZERE T VT Y A THorERL
Toth, EEIERE AR X > TR L, [z T 24

(A 600mm, MF 60mm) WIZ7 VT > H A THIE, B
L7z ABHARIE S L HIEN T ADRUGIZE B 7 X )V
EED RS L0, BREMEIITT VT YA A
MLZRDIHINE - B L7720 T, BEHEEOREIEIZ LT
W,
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Y a—=FIZMY AR, ) vy HIWHER S Y 2
NS (po), 2o Y =y A EE COMEE (1
GIHERE 1) 2RO 7z,

B, AT, HEHTREERFRGEHE, Yo
NS 9o, T A Ny, EFATAET) Py &
L. (Ekomfem ™ s, Y=y bASA g% 07 ~
1.05rad (40 ~ 60deg), KT 2 [HEEFL N % 3.3 ~ 50s !
(200 ~ 300rpm), MG ST Py & 0.3 ~ 05MPa #2/% &
HZIZLT, R2ITRTHAEETHARIEREIT 72,

BoNMEB X CEEY 2 6 O & E A& O
Blg 12, EARE T M (Scanning Electron
Microscope : LA, SEM EBEEL %) & H 72,
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Fig. 1 The principle of the In-Rotating-Water-Spinning Method.

Table 2 Experimental conditions for spinning of copper alloy castings.

(a) CAC406

Nozzle diameter , d, 120 ~ 220 um
433~ 483 5!

020 -~ 035 MPa

Drum rotational speed , Ny,

Ejection pressure , P,

(b) Safe-alloy ( equivalent to CAC911)

Nozzle diameter , d, 100 ~ 170 um
400~ 433 s7!

030 ~ 035 MPa

Drum rotational speed , Ny,

Ejection pressure , P,

(c) Eco-brass ( equivalent to CAC804 )

Nozzle diameter , d, 150 ~ 180 pm
4.00 -~ 5.00 s!

0.30 MPa

Drum rotational speed , Ny,

Ejection pressure , P,
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3. KBRIEREZDER

3.1 CAC40BDfHRIER

H# L 72 CAC406 #1122 C, Bl ofiRIER % 4T -
T, HEWEFZMESES N RE K2 I2RT,
Vv MAEA%E 082rad, N T ANHERE A 433s 7, M
W% 03MPa & L7236 T, BRlGEY = v Mo
B, O NEEYOIMRB L IR TH 50 &
K A3 100mm F2 B OAMBEAE S 7z,

(a) Melt jet flow in water layer (b) Obtaied wires

(¢) Detailed wire surface

(d) Cross sectional shape

Fig. 2 Video images of the melt jet flow and the obtained
wires, SEM views of the wire surface and the cross
sectional shape in case of CAC406.

5 N O R RIS M TIRF ISV L D TH
D, MRRETER S BT R o 7278, K3 ITRT &
I, OHZEELAZENTELIIEOAMZAEL T
720 CACA06 Msix &H L T B DT, Sihld TR
mme LT SN2 AR RO T, L) ERE

Fig. 3 Fully ductility of the obtained CAC406 wire.

REZ AT B 155 -0 DR ORI H 2 T
blhholze LML, #iRENEVT LIIHEZETEZ0
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RICEN BB s BEC X B REENH S L EZ S
AN

3.2 B 7701 DIFRER

CACA406 T b BIF 2= MR AF 5 N8R - CTh
%, Yy NAFHAA087rad, FT L [EEEEAT 4.33s 7!, IE
Y125 03MPa Th 260, HREGEY = v MED
HeF 412, BonaERYOIMElE KX %E e
NS5 EX6ITRT . K4IRT L), BREEY = v
MK EZEAERIZTE SN TBY, 5% 612
RT LIS, L OMEKTIERVL O, KR OE:
EAE SN2 THh o720 K6 DEFP O L
BERIRIZZR > TWBH, A4 7704 Ty MpSHlEzEK
WIS Lo TUMT S N/-t%, BEBEHOREEIICL DR
RICHBEL72b0EEZ N5, ITIRT LI, &
A 77 uA ) 3FEOFEE SO T b AHRIRE A
B, WK E OB & B IIEHEANERIC A DA E

Fig. 4 Video image of the molten Safe-alloy jet flow.

Fig. 5 Photograph of the obtained short fibers of Safe-alloy.
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Fig. 6 SEM view of the obtained short fibers of Safe-alloy.
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Fig. 7 The liquidus temperatures of the sample alloys.
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(c) After 1.5 sec

(d) After 2.4 sec

Fig. 8 The change with passage of time on the melt jet flow.

ELMREAHLOTE LI EEZEZ NS,

3.3 TOJSRDHRIER

K92, FIaMESE 400 ~483s ' FTELEHE
TN EITo 72 L EOBEMAEEY = v MROKT 2R
T B, HEEEY v NOMSETIX 03MPa TH
%o M9 (a) & (b) WWRT LI, BEREEY = b
DAFHAIVNE TH, HREEY = v MROBNIK
EEVIROONT, BikFEEARKE (AL T
B ES LD TRV EEZ SN2,

K5 L AHEHA 400 s, 417 s ' B X433 D & X,
RARESH Im 2B 2 M2 H 50z, 1012/ 5
N7 OFMEBIE SEM 12 X 23RN ZRT, BoHhr:
MR O KR IL CACA06 MHFR & Y BAFTH Y, Wi
NOAEMICBVTHHE S 22 MR S 7z,

RS AREERA 400 s, 417 s ' B X 1433 D
EH S N O MR 2 K 11 1SR T, K11 (a)
& (b) OMFEBITOHEIZIE, b oONIZR SN S
L%, bTRRINNATED 5N, F T A REHA 4337 @
BaliZn &) zMM3RBo 5T, HEEZEL RS
Morze MMOFSHERIRE LCid, 7 CESFHEIISR L
TiE, FIARBPME TS 2ICOoNTHEMESEY = v

(a) Drum velocity : 4.00 s™!  (b) Drum velocity : 4.83 s™!

Fig. 9 Video images of the molten Eco-brass jet flow.
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Fig. 11 The cross sectional shape of the obtained Eco-brass wires.
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V), SEDSIRINTE TV 2 54 TOMBEIES S L2
EDSY SIAWIMENTWSE Z & b2 m LS
TWA LN, o, BoNhi-na7 T AMHIE,
121289 £ 912, CAC406 L RIFIZHOHZES 2
EDTELIFIEOH|ERAF L Tz,

KT AR EBONTTaT I AMBORKES

Fig. 12 Fully ductility of the obtained Eco-brass wire.
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Fig. 13 The relation between the the maximum length of
the obtained Eco-brass wire and the drum velocity.
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77 2RI, EHRAK PR REE &S i o 5
E% A, TNENDOEEDORARME TNz T OREE,
UTFOZEPHENITR 572,



18 RETHEREEIFA

(1) B4 77811220 TIE, B EETL &
MNTEGrolz, HFHEZZEEAKTTOY = v b
FAZEFMEDMR 2 T W72, REIE G BBE D
FRLTWS 72720, Yoy MBGHIEINTHEK
ROBEWIHE->TLE T BHOEEE ) T H
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