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ABSTRACT The powder metallurgy (P/M) processed 2009 and 2124 Al composites reinforced with SiC par-
ticulates were studied by focusing on the effect of consolidation temperature on the microstructural and mechanical
properties. The mechanical properties such as tensile properties and microhardness of the second phases were a-
nalysed in relation to the microstructures observed by a SEM and an optical microscope. The in sifu fracture pro-
cess study using SEM showed that the grain refinement and the removal of manganese-containing particles often
observed in the 2124 AL-SiC, composites were important for the improvement of the mechanical properties. This
study offers an optimum consolidation temperature for the control of the manganese-containing particles in the 2124
AJ-SiC, composites that yields mechanical properties higher than those of the 2009 Al-SiC, composites.
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Table 1. Chemical composition of the 2009 and 2124
Al matrices processed in the present work and in
ACMC*, (wt.%)

Matrix Alloy Cu Mg Mn Fe Al
2009 3.83 207 0002 011 bal.
2124 406 200 05 0.007  bal.
2009* 328 121 0014 0.01 bal.

*ACMC; Advanced Composite Materials Corp.

Fig. 1. SEM micrographs of (a) gas-atomized 2009 Al
alloy powders and (b) reinforcing SiC particulates pro-
duced by Tateho Co.

Vol. 4, No. 1, 1997



o8 ' 4714 - A5

ek FE BLYme oF 21 umEA] vlAF Hel 1,
A 2]3le] ZHs)A} FapH o A|A=e] oy
THY T 45 um o]}y vy FAg Rxe) 2
= 25 7 UNeH, 2 Kbyl Al gL
SiC gAke] =] 2 E(@HFYE; 3.3 um)E ehigich

Fluidized zone &8}7| 2 A}8-3}od Al B2ta) ok 15
vol.%2] SiC 7}ElA1S 2 A17F Fak E5tslgdr. o)
Tre< A2 Eg7 oA wheA slHsks F
9] paddledl] ejzlo] B2} 7}3lsixlE Esie
oz Fukat psiedale] JalAels) vy g

201

2009 Al Powder
Mean Size : 21m

Weight Percent

[*} 20 40 80
Particle Diameter (um)

20 |
SiC Particulate

Mean Size : 3.3m

Volume Percent

1 2 3 4 - 5 (-] 7
Particle Size (um)

Fig. 2. Bargraphs showing the size distributions of (a)
gas-atomized 2009 Al alloy powders and (b) SiC par-
ticulates.
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Fig. 3. The amount of liquid vs temperature for the
2009 Al matrix alloy. The amount of liguid was es-
timated from DTA curve analysis.
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Fig. 4. (a) The compact tension type loading stage
used for in situ observation and measurement of ap-
parent fraciure toughness, which was inserted into the
vacuum chamber of the SEM, replacing the standard
sample stage. (b) The shape and dimensions of the
thin compact tension (CT) type specimen. (unit: mm).
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Fig. 5. SEM miicrograph of the mixture of 2009 Al Fig. 6. Optical micrographs of the 2009 Al-SiC, com-
powders and SiC particulates processed using the fluid- posite billets consolidated at (a) 560C and (b) 620C

ized zone mixer for 2 hours. under the pressure of 50 MPa.

Fig. 7. Optical micrographs of the 2124 Al-SiC, composite billets consolidated at (a) 560C, (b) 580T, (c) 600°C,
and (d) 620°C under the pressure of 50 MPa, showing manganese-containing intermetallic particles (arrows).
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Fig. 8. (a) EDS spectra and (b) plot of volume fraction
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Fig. 9. Optical micrographs of the longitudinal cross sections of the 2009 Al-SiC, composntes consolidated at (a)
560°C, (b) 5807, (c) 6007, and (d) 620°C, and then extruded at 4507C.
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Fig. 10. Optical micrographs of the longitudinal cross sections of the 2009 Al-SlC,,, wmposntes consolidated at (a)
560°C and (b) 6207, and then extruded at 450°C, showing finer grain microstructure in (a).
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and (b) the 2124 Al-SiCp composites.
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Fig. 12. Vickers hardness of the matrix vs con-
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Fig. 13. SEM fractographs of fractared tensile specimens of the 2009 Al-SiC, composites consolidated at (a) 560
and (b) 6207. (¢) and (d) are higher magnification SEM fractographs of (a) and (b), respectively.

Table 2. Room temperature tensile results of the 2009

Al-15 vol.% SiC, composites processed in the present
work and in ACMC*

Composite ~ Ultimate Tensile Yield  Elongation
Strength (MPa)  Strength (%)
(MPa)
2009 Al-SiC, 573 408 81
2124 Al-SiC, 609 485 6.0
2009 Al-SiG* 600 350 5.5
2009 Al-SiC, 605 456 39

*ACMC; Advanced Composite Materials Corp.
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Fig. 14. A series of SEM micrographs near a crack tip of the 2124 Al-SiC, composites consolidated at 620C, show-
ing (a) basic SEM microstructure composed of manganese-containing particles and SiC particulates (K;=16.2 MPa
Vi), (b) shear band formation and microcrack initiation at manganése-containing particles (arrows) and SiC par-
ticulates under relatively low stress intensity factor (Ki;=23.5 MPa vm), (¢)-(d) crack propagation along the shear
bands and the microcracks (Ky=24.8 MPa viii).
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Fig. 15. A series of SEM micrographs near a crack tip of the 2124 Al-SiC, composites consolidated at 560, show-
ing (a) basic SEM microstructure composed of few manganese-containing particles and SiC particulates (Ky=0 MPa
"), (b) blunting of the initial crack and shear band formation (Ki=22.6 MPa vir), (©)«(d) crack propagation along
the shear bands and microcrack initiation at SiC particulates located in or near the shear bands (Ki=23.0 MPa vm),
(¢) final propagation path of the main crack.
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Fig. 16. Apparent fracture toughness vs consolidation
temperature of the 2009 and the 2124 Al-SiC, com-
posites. Toughnesses were measured in the thin com-
pact tension (CT) type specimen as shown in Fig, 4(b).
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Fig. 17. TEM micrograph of a 2124 Al-SiC, composite,
showing §' and dispersoids containing Mn or Fe.
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Fig. 18. SEM micrographs of the microstructure
beneath the fracture surface of tensile specimens of 2009
Al-SiC, composites consolidated at (a) 560C and (b)
6207C. Tensile axis is horizontal for the micrographs.
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Fig. 19. Number of the cracked SiC particulates per
unit area vs consolidation temperature of the 2009 Al-
SiC, composites. Cracked particulates were counted on
the area beneath the fracture surface of tensnle speci-
mens.
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