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Development  of Au – Sn Alloy Fiber by the In -Rotating-Water-Spinning Process  

Mitsuyoshi SHIMAOKA and Motoi WADA  

  The spinnability of pure gold on the In-Rotating-Water-Spinning process is not good because of the low 

formability of the oxide film around the molten gold jet. The development of continuous fiber of Au-Sn alloy by this 

spinning method has been performed in order to clear the effect on the spinnability of the addition of Sn. The 

relation of the amount of Sn and the spinnability has been examined. In Au-20wt%Sn alloy, very long fiber of 12 m 

with circular cross section was obtained at the conditions of 120μm in the nozzle diameter, 3.33 s
1 

in the rotating 

drum velocity, 0.40 MPa in the ejection pressure and 0.803 rad in the incidence angle of jet. In Au-Sn alloy 

decreased the amount of Sn included to 0.6wt%(1 at%), the wire length decreased to about 100 mm. 
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  The spinnability of pure gold on the In-Rotating-Water-Spinning process is not good because of the low 

formability of the oxide film around the molten gold jet. The development of continuous fiber of Au-Sn alloy by this 

spinning method has been performed in order to clear the effect of the addition of Sn on the spinnability. The 

relation of the amount of Sn and its spinnability have been examined. In Au-20wt%Sn alloy, very long fiber of 12 m 

with circular cross section was obtained at the conditions of 120�m in the nozzle diameter, 3.33 s

1 

in the rotating 

drum velocity, 0.40 MPa in the ejection pressure and 0.803 rad in the incidence angle of jet. In Au-Sn alloy, the 

amount of Sn decreases by 0.6wt%(1 at%), the wire length shortend to around 100 mm. 
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Fig. 1   Schematic diagram of In-Rotating-Water-Spinning 

apparatus. 

 

Table 1

SEM : Scanning Electron 

Microscope  

 

Table 1 Experimental conditions for In Rotating Water

Spinning method. 

 

Nozzle Diagram, dn [μm] 150 ~ 170 

Velocity of Rotating liquid of layer , 

ND [s-1] 
3.17 ~ 4.83 

Ejection Pressure, Pn [MPa] 0.30 ~ 0.45 

Temperature of Coolant, Tf [ ] 9 ~ 20 

Coolant H2O, C2H5OH 

Distance between nozzle tip and liquid 

surface : l [mm] 
14 ~ 23 

Incidence angle, �� : [rad] 0.58 ~ 0.90 
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Fig. 2  Equilibrium phase diagram of Au – Sn alloy system. 
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Fig. 1   Schematic diagram of In-Rotating-Water-Spinning 

apparatus. 
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Table 1	 Experimental conditions for In¨Rotating¨Water¨

Spinning method. 

 

Nozzle Diagram, dn [�m] 150 ~ 170 

Velocity of Rotating liquid layer , ND	

[s-1] 
3.17 ~ 4.83 

Ejection Pressure, Pn [MPa] 0.30 ~ 0.45 

Temperature of Coolant, Tf	 [f] 9 ~ 20 

Coolant H2O, C2H5OH

Distance between nozzle tip and liquid 

surface : l [mm] 
14 ~ 23 

Incidence angle, �� : [rad]�� 0.58 ~ 0.90 
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Fig. 2  Equilibrium phase diagram of Au – Sn alloy system. 
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Fig. 3  Video image of the molten Au – 80wt%Sn alloy jet 

flow. 

 

 

Fig. 4  SEM images of the surface appearances of the 

obtained Au – 80wt%Sn alloy fibers. 
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Fig. 5  Jet flow of Au – 20wt%Sn alloy and the surface of 

obtained wires. 
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Fig. 6  Molten Au – 15wt%Sn alloy jet flow, the surface 

appearance of obtained wire and its cross sectional shape  

 

 

Fig. 7  The surface appearance and the cross sectional shape 

of obtained Au – 10wt%Sn alloy wires  
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Fig. 8  The surface appearance and the cross sectional shape 

of obtained Au – 5wt%Sn alloy wires  
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a c e g : Au 3wt%Sn alloy 

b d f h : Au 1wt%Sn alloy 

Fig. 9  The jet flow of molten Au – 3wt%Sn and Au – 

1wt%Sn alloys, the surface appearance of the obtained wires 

and their cross sectional shape  

 

Au 1wt%Sn Sn

1% Au 0.6wt% 1at% Sn

170μm 0.35MPa

3.17 4.83s-1

Fig. 10

Fig. 11  

a b

dc

a b

500 �m 50 �m

a b

500 �m 100 �m

a b

c d

e f

g h

a b

dc

a b

500 �m 50 �m

a b

500 �m 100 �m

a b

c d

e f

g h

^_�34rsGtB<$c���G Fig. 9��§$�a�

��b��wxá�:�¬­f�UVxC�<��/yx

<W?��c���d���qK:z$ mm	
��B<$

���/0.
(
�¬­f.
�noù���Ð§Y

<���CD=E#$W?�`a: Au¨5wt%Sn `��

ñ`(
{BC�#��e���f�����g���h�W

?´?�>|
:Ç�xC�#$�¬­f�z$ mm 	


�J´x<&���|yz ³�}?I��(BC>

|´?�/~xC�B<<��CD=E#$ 



 
a : N D = 3.17s-1  b : N D = 3.50s-1 c : N D = 3.83s-1 

d : N D = 4.17s-1  e : N D = 4.50s-1 f : N D = 4.83s-1 

Fig. 10  SEM views of obtained Au – 0.6wt% 1at% Sn alloy 

wires. 

 

 

Fig. 11  The relation between the maximum length of the 

obtained Au – 0.6wt%Sn alloy wire and the drum velocity. 
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Fig. 12  The jet orbit of molten Au – 1at%Sn alloy in rotating 

water layer. 

 

Fig. 13  The relation between the velocity of the jet ejected 

from conical nozzle and the ejection pressure. 
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Fig. 14  The ductility of the obtained Au – Sn alloy wire. 
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Fig. 15  The specimen of tensile test piece for the spun wire. 

 

 

Fig. 16  The stress-strain diagrams of obtained Au – 

0.6wt%Sn alloy fibers. 

Fig. 17  SEM views of the tensile fracture surface of the 

obtained Au – 0.6wt%Sn alloy fiber. 
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