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RINGKASAN: lnteraksi kimia di antara aluminium (Al) dan silicon karbida (SiC) 
membentuk aluminium karbida (Al4C3 ). Pembentukan ini menimbulkan masalah di 
dalam proses penghasilan dan penggunaan bahan Al/SiC komposit tersebut. Alp3 

yang terbentuk boleh menurunkan ciri kekuatan bahan komposit tersebut. Kerja 
penyelidikan ini mengkaji tindakbalas antara muka pada komposit Al 7075/SiC yang 
telah ditekan dan disemperit pada suhu masing-masing 300°C dan 500°C pada 
nisbah penurunan 20: 1. Bahan komposit yang telah disemperit telah dilakukan 
rawatan haba di dalam keadaan suhu yang berbeza, pada ju/at 560°C, 600°C, 
640°C, 700°C ke 800°C. lni bertujuan untuk mengkaji tindakbalas antara muka 
bahan komposit. Bahan komposit yang telah dirawat haba seterusnya dianalisa 
menerusi mikroskop optik, mikroskop belawan Sinar-X dan mikroskop imbasan 
e/ektron dengan agihan tenaga e/ektron untuk mengkaji tindakbalas antara inuka 
bahan komposit tersebut. Keputusan daripada analisa tersebut didapati bahawa 
terdapat tindakba/as antara muka di antara SiC dan Al. 

ABSTRACT: Chemical interaction between aluminium (Al) and silicon carbide (SiC) 
produces aluminium carbide (Al4C3) which presents potential problems in the 
production and application of AI/SiC Metal Matrix Composite (MMC). The Al4C3 

formed can reduce material properties such as strength in the MMC. This research 
work investigates the interface reaction in Al 7075/SiC MMC made through hot 
extrusion process. Mixed Al 7075/SiC MMC powders were pressed at 300°C and 
extruded at 500°C, with a reduction ratio of 20:1. The extruded MMC was then heat
treated in air at various temperatures from 560°C, 600°C, 640°C, 700°C to 800°C 
in order to observe the interface reaction of the MMC materials. The heat-treated 
MMCs were then analyzed under the optical microscope, X-ray Diffraction (XRD) 
Spectroscope and Scanning Electron Microscope (SEM) with Energy Dispersive 
X-ray (EDAX) attachment to observe the interface reaction within the MMCs. This 
investigation confirms there was interface reaction between SiC and aluminium. 

KEYWORDS: Aluminium alloy 7075, silicon carbide, aluminium carbide, extrusion, 
heat-treatment, X-ray diffraction, interface reaction, optical microscope, scanning 
electron microscope, energy dispersive X-ray. 
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INTRODUCTION 

Al based MMC is of great interest particularly in the automotive and aerospace industries 

due to their relatively high specific strength, low weight, low cost, excellent corrosion and 
chemical resistance. The ductility of the matrix alloy is reduced by the presence of the SiC 

reinforcement. 

Studies have been carried out by several investigators on composite SiC particulate in Al 

alloys. They found that melting of the Al matrix can bring about a serious interfacial reaction 
between the Al matrix and SiC reinforcement. Hu and Baker (1997) predicted that at 

temperatures between 667°C to 1347°C in the AI-SiC system, the reaction 

(1) 

takes place. However, Peterves et al. (1990) showed that at temperatures just below the 

melting point of Al (650°C) the reaction that takes place is as follows: 

SiC + Al so1;d ~ A14C3 + (AI-Si}uquid (2) 

The reaction will continue until the equilibrium between A14C3 , (AI-Si)1;quid and SiC is established. 
The formation of Al4C3 is undesirable as it results in the decrease of its composite strength 

(Liu et al., 1990; Cocen et al., 1997; Zhou and Xu, 1997; Xiangun et al., 1985). Kohara and 
Muto (1985) stated that the decrease in strength is due to the brittleness of A14C3• It has 

also been pointed out that Al4C3 has a tendency to be corroded by water (Wu et al., 1987; 
lseki et al., 1984). 

In this paper, a hot extrusion method for the production of Al 7075/15% SiC MMC is 
described. The extruded material was heat-treated in air at various temperatures from 560°C, 

600°C, 640°C, and 700°C to 800°C for 30 minutes. An optical microscope, an XRD, and 
a SEM with EDAX were used to observe the interface reaction within the MMC materials. 

EXPERIMENTAL PROCEDURE 

MATERIALS 

The base material used for this experiment is Al alloy grade 7075 and Table 1 shows the 

chemical composition of the alloy. The particles are spherical in shape with sizes of less 
then 45 µm. The SiC powders used as reinforcement are angular in shape, with an average 

particle size of 0.7µm. 
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Table 1. Chemical composition of Al 7075 alloy in 
weight percent (wt %) 

Cu Mg Cr Zn Al 

1.8 2.5 0.23 5.6 Balance 

PROCESSING 

The Al 7075/SiC composite powder was produced by ball milling method. The volume of 
the SiC particulate fraction was 15 vol.%. Al 7075, SiC and 1 wt% of zinc stearate (ZnS) 
used as the lubricant, were put into a 2 litre ceramic container with 400 ceramic balls (11-mm 

diameter). The milling was performed for 12 hours at a rotational speed of 60 rpm. 

The blended MMC powder was compacted into a billet by hot pressing at 300°C and 
50 Tonne force pressure, after which it was extruded at 500°C with an extrusion ratio of 20:1 . 
The extruded rod was then quenched in water to prevent grain growth. 

It was then heat-treated in air, at various temperatures of 560°C, 600°C, 640°C, 700°C to 
800°C for 30 minutes and furnace cooled. The heat-treated samples were then analysed 

using the optical microscope, XRD and SEM with EDAX attachment. 

EVALUATION 

The transverse section of the heat-treated MMC was examined using an optical microscope. 

The XRD analysis was conducted on a Rigaku-Geigerflex Spectroscope, using inorganic 
radiation, at a setting of 35 kV and 15 mA. Scanning was performed at a range of between 

20° and 80° in steps of 0.02° at a scan speed of 5°/min. 

RESULTS AND DISCUSSION 

OPTICAL MICROSCOPY 

When heat was applied at the various temperatures to the extruded MMC, the microstructures 
obtained are shown in Figures 1 (a) and 1 (b) . 
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Figure 1(a). Microstructure of cross 
section of extruded AI/SiC MMC 
before heat treatment (1000x mag.) 

XRD AND SEM WITH EDAX ANALYSIS 

Figure 1(b). Microstructure of cross 
section of extruded Al/SiC MMC after 
heat treatment at 640°C{1000x mag.) 

The XRD work was carried out on both the heat-treated and non heat-treated MMCs. The 

first search match by the XRD standard card indicated that there was a formation of (Al-Si) 

phase and the expected phase was Al3_21Si0.47' For the second search match, using ICDD 

(International Committee of Diffraction Data) standard card data of Al3 21Si0.41 and Al, it was 

observed that the 28 values for both cards were almost similar. Table 2 illustrates the 28 

values of the MMC and the standard card data for Al321Si0.47 and Al. From these data, it was 

observed that the 28 values for the MMC matches that of Al3 21Si0.41 which involved the least 

error. However, there were some 28 values that matched well with the 28 for Al. 

Table 2. 20 values of AI/SiC heat-treated at 700°C and standard card data 
of Al3.21 Si0.47 and Al 

MMC Standard card Error (%) Standard card Error 
20 (deg) Al (deg) AI,.21 Si0_47 ( deg) (% ) 

38.40 38.500 0.26 38.406 0.02 

44.64 44.733 0.21 44.63 0.007 

44 .80 44.733 0.15 44.63 0.37 

78.12 78.230 0.14 78.116 0.005 

78 .24 78.230 0.01 78.116 0.16 

65.06 65.155 0.15 65.050 0.015 

65.16 65.155 0.007 65.050 0.17 

28 .38 - 100 28.358 0.08 

47 .22 - 100 47.226 0.01 

56.04 - 100 56.053 0.02 

69 .42 - 100 69.074 0.5 

76 .38 - 100 76.308 0.09 
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In SEM observations as shown in Figure 2(a), the presence of black and white phases were 
evident. EDAX analysis showed that the white phase contained a high Al content and the 

black phase contained a high Al and silicon (Si) content as shown in Figures 2(b) and 2(c), 
respectively. Subsequently, EDAX analysis was carried out at ten spots randomly distributed 

on the black phase of the MMC materials after heat treatment at 700°C. Table 3 shows the 
result of the EDAX analysis and it was observed that the atomic ratio of (Al-Si) was not 
consistent. Therefore justification on the existence of Al3_21 Si0.47 with the atomic ratio of 6.83 

could not be done. However, there exists an (Al-Si) phase in the MMC materials, the 
proportion of Al-Si is unknown and the phase is unstable. 

Table 3. EDAX analysis randomly distributed on black 
phase of AI/SiC MMC after heat treatment at 700°C 

Spots Al (atm wt%) Si (atm wt%) Ratio (Al-Si) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

98.856 2.217 44.59 

97.647 1.750 55.79 

62.559 36.575 1.70 

81 .579 15.944 5.11 

86.621 13.005 6.66 

13.116 86.881 0.15 

21 .389 78.407 0.27 

85.497 14.503 5.90 

90.48 9.00 10.05 

77.644 21.826 3.56 

Figure 2(a). Scanning electron micrograph of 
AI/SiC MMC after heat treatment at 100°c . 
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'Figure 2(b). EDAX spectrum on black phase 
of AI/SiC MMC after heat treatment at 700°C. 
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Figure 2(c). EDAX spectrum on white phase 
of Al/SiC MMC after heat treatment at 700"C. 

Referring to Hu and Baker (1997), at the heating temperature of 667°C to 1347°C, peak labelled 

A in Figure 3, was expected to be Al4C3• There is a possibility that the unknown peaks could 

be obtained from the already known phase, which is from ICDD standard card. In this study 

the expected phase was Al4C3, therefore ICDD standard card data for the phase was chosen. 
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Figure 3. XRD spectrum of AI/SiC MMC after heat treatment at 700°C 

Peak A in Figure 3 is associated with 20 values of 40.093° (error= 0.13 %) of ICDD standard 
data for Al4C3 , which was identified to be 83 % of the strongest peak for the phase quoted in 

the data. Other peaks expected from the phase were too weak to be recorded because of a 
small volume of the phase in the material surface. Figure 4 shows the A14C3 intensity at different 
heat treatment temperatures. Initially, there was no formation of Al4C3 on the extruded MMC 

materials, since the extrusion process involved a low temperature, which was 500°C as shown 
in Figure 5. At the heat treatment temperature of 560°C, the Al4C3 intensity peak started to form 
with values of less than 1 % (1/lmax). It was observed that an increase in heat treatment 
temperature increases the Al4C3 intensity whereby, at above 700°C there was a sudden increase 

in the Al4C3 intensity. Furthermore, at the heat treatment temperature above 800°C as shown 
in Figure 6, A14C3 (indicated as A) and alumina (A1p3) peaks appeared. The formation of A1p3 

_ peaks was due to the oxidation of Al in air at high temperatures (Khanna et al., 1996). 

From XRD spectrums of the MMC materials after the heat treatment process, it was observed 

that there was SiC present in the MMC material. 
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Figure 4. Alp3 peak intensity versus heat treatment temperature of AI/SiC MMC. 
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Figure 5. XRD spectrum of AI/SiC MMC after extrusion process at 500°C 
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Figure 6. XRD spectrum of Al!SiC MMC after heat treatment at B00°C. 

CONCLUSION 
t, time, ad 

There was formation of (Al-Si) phase in the heat-treated and in the non heat-treated AI/SiC 

MMCs. No formation of Al4C3 phase was observed in the non heat-treated MMC. However, 
after the heat treatment process at temperatures between 560 - 640°C, Al4C3 started to form 

at 1/lmax of less than 1 %. Increasing the heat treatment temperatures increased the Al4C3 

intensity. At temperatures above 700°C there was a drastic increase in the formation of Al4C3 

phase. Consequently, temperatures of above 800°C saw a fmmation of Alp3• 
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