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Effects of HIP Consolidating Temperature on the Mechanical Properties of
SiC Whisker Reinforced Aluminum Alloy Composites

Hiroyuki MORIMOTO and Ken-ichiro OHUCHI

Synopsis :

The effects of consolidating temperature on the strength, impact value, microstructure and fractograph of
SiC whisker reinforced 6061 (1%Mg) and 5056 (5%Mg) composites were studied. The composites were
fabricated with a powder metallurgical method using HIP. The optimum consolidating temperature was
625°C (semi-liquid region) for the 6061 composite and 500°C (solid region) for the 5056 composite. The
quantitative analysis of Al,C; using gas chromatography showed that the extent of the reaction between SiC
whisker and Al was accelerated by the increase of Mg in the Al alloy. An examination of X-ray diffrac-
tion, SEM and EPMA revealed that in addition to Al4Cs, the reaction produced Si in the 6061 composite
and Mg,Si in the 5056 composite. The degradation of strength and impact value at a higher consolidating
temperature was considered to be due to the presence of such coarse reaction products as Mg,Si and Si,
coarse Al-Fe (Cr, Mn)-Si precipitates and the decrease of the Mg solution content in the Al rather than be-
cause of the decrease of interfacial bonding strength and the damage of SiC whiskers.

Key words : composite material ; whisker reinforced aluminum alloy composite; SiC whisker; powder

metallurgy ; consolidation ; HIP ; strength ; interface reaction ; reaction product.
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Table 1.
(wt%).

Chemical compositions of SiC whiskers

Mg Al Ca Cr Fe Co [¢) H,0 SiC

0.00 0.16 0.13 <0.01 0.05 <0.01 0.27 0.06 Bal

Table 2. Chemical compositions of aluminum alloy
powder (wt%).

Si Fe Cu Mn Mg Cr Zn (6} Al

6061 | 0.57 0.32 0.31 0.052 1.06 0.21 0.01 0.078 Bal.
5056 | 0.28 0.20 0.064 0.070 4.27 0.063 0.02 0.063 Bal.
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Fig. 1. Relationships between consolidating
temperature and mechanical properties for

20%SiCy/6061-T6 composites.
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Photo. 1. SEM micrograph and EDX analysis of
the reaction product observed in 20%
SiCw/6061-T6 composite consolidated at 660°C.
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Photo. 2. TEM micrograph of 20%SiCyw6061-T6
composite consolidated at 660°C.
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Fig. 4. X-ray diffraction profiles of 20%

SiCw/5056 composites consolidated at indicated
temperature using Cu-K. radiation.
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Photo. 3. SEM micrograph and EDX analysis of
the reaction product observed in 20%SiCy/5056
composite consolidated at 600°C.
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a) 550°C
Photo. 4. SEM micrographs of 20%SiCyw/6061-T6
composites showing the size distribution difference
of Al-Fe(Cr, Mn)-Si precipitates at various con-
solidating temperatures.

b) 625°C ¢) 660°C
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Photo. 5. SEM micrograph and EDX analysis of
coarse Al-Fe(Cr, Mn)-Si precipitates observed
in the fractured surface of 20%SiCy/6061-T6
composite consolidated at 660°C.
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Photo. 6. SEM micrograph and EDX analysis of
coarse Mg,Si precipitates observed in the frac-
tured surface of 20%SiCy/5056 composite consoli-
dated at 600°C.
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Fig. 7. Effect of Al,C; content on ultimate tensile
strength and Charpy impact value for 20%
SiCw/6061-T6 and 20%SiCyw /5056 composites.
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