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Production of Sn-In Eutectic Alloy Fiber by the In-Rotating-Liquid-Spinning Process

Mitsuyoshi SHIMAOKA

Development of lead-free solder alloys is very important in recent years, The melting temperature of
Sn-In eutectic alloy is lowest in newly developed lead-free solder alloys. Sn-Pb eutectic solder has good
spinnability on the In-Rotating-Liquid-Spinning process. The author has examined the spinnability of the
substitutive solder alloys such as Sn-Bi alloy, Sn-Ag alloy, Sn-Zn alloy, Sn-Zn-Al alloy and Sn-Sb
alloy. These alloys showed good spinnability in case of using ethanol as a coolant liquid. In this paper,
the spinnability and the mechanical properties of Sn-In eutectic alloy have been examined, The
spinnability of this alloy was berry good. The continuous fiber of circular cross-section and constant
diameter about 11m in length was produced. Optimum spinning conditions were 150, m in diameter of the
ejection nozzle, 3.0s ! in revolution of the rotating drum (inner diameter is 600mm), 0.175MPa in
ejection pressure, (.73rad in incidence angle and 6.6mm in ejection length (distance between the nozzle
tip and the rotating liquid surface), respectively. In this alloy, ethanol as the coolant liquid was more
effective than water on the spinnability and the improvement of the smoothness of the fiber surface. From
the tension test, it was found that the tensile strength of Sn-In eutectic alloy fiber was about 5MPa and
the elongation was about 15%. The spun fiber showed high ductility and the knot could made, The

surface appearance of the spun fiber was berry smooth but that after tension test became rough,
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Fig. 1 Schematic diagram of the In-Rotating-Liquid-

Spinning apparatus,
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Table 1  Experimental conditions for spinning of
Sn-52mass%In alloy.
Nozzle diameter , d, 120 — 210 um
Drum rotational speed , Np 283 — 3175 !
Ejection pressure , P, 0.12 — 0.18 MPa
Jet incidence angle , @q 0.55 — 112 rad
Distance between nozzle tip 1.7 — 165 mm
and liquid surface , ,,
Superheat of the melt , A7 12 — 42 K
Temperature of coolant , 7 17 — 24 C
Section Paper Test Wire A |
\ Z :
N / ,
| I
1
1
Test Length = 50mm | A !
- _ Test Wire
Section Paper | 5 O = K
/ Paper

A — A Cross Section

Fig. 2 Specimen of the tensile test piece,
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(@) d,=120pum, N,=3.17s"1, P, = 0.18MPa, ¢, = 0.55rad,
f,,=16.5mm, AT, = 32K, T,= 22°C

(b) d,=160um, N,=3.00s "', P, =0.16MPa, ¢, = 0.70rad,
l,,=14.1mm, AT, = 12K, 7= 20C
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1,,=9.5mm, AT, = 32K, T,= 24°C

(d) d,=150um, N,=3.00s "', P, = 0.175MPa, ¢, = 0.80rad,
1,,=11.4mm, AT, = 32K, T,= 17°C

Fig. 3 Video images of the melt jet flow ejected

rotating ethanol layer,
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Fig. 4 SEM views of the surface appearance of Sn-In
wire produced under the spinning conditions shown in

figure 3(d).
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Fig. 5 Relation between the ejection length and the

incidence angle,
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Fig. 6 Video images of the molten Sn-In alloy jet flow,

(a) Appearance (b) Detailed

Fig. 7 Effect of the incidence angle on the surface

appearance of produced Sn-In wire,
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Fig. 8 The break-up phenomenon of water and the
surface appearance of Sn-In alloy fiber produced

under the condition of long ejection length,
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Fig. 9 Shortening technique of the ejection length

under the condition of low incidence angle.
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(a) Video image of ejected molten Sn-In alloy jet flow
(b) Surface appearance of Sn-In alloy wire

(c) Detailed surface appearance of Sn-In alloy wire
(d) Fully ductility of Sn-In alloy wire

(e) Cross-sectional shape of Sn-In alloy wire

(f) Surface appearance of Sn-Pb eutectic alloy wire

Fig. 10

and the cross-sectional shape of Sn-In eutectic alloy

The melt jet flow, the surface appearance

wire and the surface appearance of Sn-Pb eutectic

alloy wire,
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Fig. 11 Stress - strain diagrams of rapidly solidified

Sn-In eutectic alloy wire and Sn-Pb eutectic alloy wire,
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Fig. 12 SEM views of the tensile fracture surface

of Sn-In eutectic alloy wire,
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