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Characteristics and microstructure of laser brazing Si,/Al composites
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Abstract:  Laser brazing method was used to join 1.5 mm thick 65% (volum fraction) Si,/4032Al composite butt joints.
The wetting and spreading behavior of brazing filler metal, characteristics of weld shaping, and morphologies of eutectic
silicon with different process parameters were investigated. The results show that the V-groove is favorable to the weld
back shaping, the weld shaping is easy to be controlled when the spot diameter is up to 20 mm and the laser power is
higher than 1 500 W. Compared with laser fusion welding, the laser brazing method is more suitable for joining high
fraction Siy/4032Al composite. Weld heat input has great influence on Si dissolution and diffusion, so various silicon
morphologies are found in the weld under different laser powers, including strip, polygonal, petal primary silicon and
lath-shaped eutectic silicon. The eutectic cells are formed at the centre of weld because of the lower cool rate.
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Fig.1 Microstructures of base material and filler material:
(a) Si,/4032Al composite; (b) Al-12Si filler metal
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Table 1 Chemical compositions of 4032 Al substrate and

4047 Al filler wire (mass fraction, %)
Sample Si Fe Cu Mn Mg
4032A1 11.99 1.0 05-13 - 0.8-1.3
ER4047 12.0 0.80 0.30 0.15 0.10

Sample Zn Ni Ti Al
4032Al - 0.5-1.3 - Bal.
ER4047 0.20 - 0.15 Bal.
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Fig.2 Schematic diagram of laser brazing
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Table 2 Seam appearances and cross sections with different process parameters

Process parameter

Appearance Cross section

P=800 W
Laser power
(v=0.5 m/min P=1200W
v,=0.5 m/min)
P=3 000 W
v,=0.2 m/min
v, =0.5 m/min
Travel speed v, =0.5 m/min
(P=2 000 W) v,=0.8 m/min
v,=1.0 m/min
v=1.5 m/min

P — Laser power; v,— Welding speed; v,—Wire feeding rate.
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Fig.5 Diffusion layer with different laser powers (v,=1.0
m/min, v=1.6 m/min): (a) P<2 000 W; (b) P=3 000 W
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Fig.6 Morphologies of eutectic silicon under different heat input (v,= 0.5 m/min): (a) Eutectic silicon and dendrite a(Al),
P=1 000 W; (b) Strip primary silicon, P=1 200 W; (c) Polygonal and petal primary silicon, P=2 000 W; (d) Lath-shaped eutectic

silicon, P=3 000 W
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Fig.7 SEM images of eutectic cell: (a) Morphology of

eutectic cell; (b) Short rod-like silicon inside eutectic cell; (c)

Eutectic cell with primary silicon
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