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A Study on the Creation of Porosity in Al Alloy(AA2014)
Large Rod Preforms by Spray Forming
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Abstract

In order to manufacture large rod preforms of 2014 Al alloy with a good mechanical property by spray forming method,
it was spray-formed at a droplet temperature of 715°C, a droplet flight distance of 400 mm, and a spraying angle of 35°.
The rod preforms were extruded at 397°C with the die temperature of 420°C under the hot extrusion ratio 21:1 and T6
heat treatment was performed. The 2014 Al alloys cast by hot top process were also extruded and heat-treated at the same
condition as a reference material. Microstructural observation and tensile test were carried out to investigate the effects of
extrusion on microstructure and mechanical property of spray-formed Al alloy. Spray-formed Al alloys had many
porosities due to inappropriate process conditions such as long droplet flight distance and low droplet temperature but
have fine equiaxed grain. These porosities were reduced with decreasing in grain size by hot extrusion. Ultimate tensile
strength and yield strength of spray formed-extruded 2014 Al alloy were inferior to those of the normal cast-extruded 2014
Al alloy, but elongations were superior. The control of porosity was important to get spray formed preform with a good

mechanical property.
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Fig. 1. Schematic diagram showing spray forming machine.
1. melting furnace 2. runner 3. tundish 4. chamber
5. atomizer 6. tecipient moving unit 7. liquefied gas
cylinder 8, evaperizer 9. gas pressure control unit
10. electric control unit 11. hopper 12. cyclone
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Fig. 2. Spray-formed large rod preforms of 2014 Al alloy.
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Table 1. Fabrication conditions of spray forming in this study
v A b R L e L o) o B B B2 & A orifice  Automizer® w57}
) < =.(rpm) (mm) (S 71} (mm) (mm/min) 73 (mm) +E 3 (atm)
35 100 400 715 35 35 3.8 3 6
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Fig. 3. Optical microstructures of 2014 Al. a. as-cast (Transverse), b, c. as-spray formed (b : Longitudinal, ¢ : Transverse)
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Fig. 4. Variation in optical microstructures with various regions of 2014 Al rod preform (Longitudinal section).
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Table 2. Variation in density of 2014 Al alloy with the fa-
brication process

Materials Density (g/cm’)
As-cast 2.73
As-spray formed 2.44
As-cast extruded 2.78
As-spray formed extruded 2.77
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Table 3. Maximum extrusion pressure and extrusion velo-
city of 2014 Al alloy

Materials Maximum extrusion Extrusion velocity
pressure (kg/cm’) (mm/sec)
Spray Formed 121.8 2.14
Cast 128.1 1.01

Fig. 5. Optical microstructures of 2014 Al alloys with extrusion directions a. as-cast (Transverse) b,c. as-spray formed (b:

Longitudinal, c: Transverse).
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Fig. 6. Aging curves with aging time of 2014 Al alloys.
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Fig 7. SEM photograth and EDS of 2014 Al alloy after aging. a,b. SEM Microstructure, ¢. EDS in A point.
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Fig. 8. Ultimate tensile strength, yield strength, and elongation
of 2014 Al alloys with a various fabrication process
(1. as-cast extruded, 2. cast extruded+T6, 3. as-spray
formed extruded, 4. spray formed extruded+T6).
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Fig. 9. SEM fractographs of 2014 Al alloy specimens fractured by tensile test. a. as-cast extruded, b. as-spray formed extruded.
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in this study.
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