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 The micro-structural changes and mechanical properties were investigated in 
an Al reinforced with SiC particles which synthesized using powder 
technology technique. SiC/Al composites containing four different weight 
percentages 40%, 50%, 60% and 70% of SiC.  X-ray diffraction was used to 
characterization and observes the phases formed in the process of sintering at 
different temperatures (800 0C, 1100 0C). Crystallite sizes calculated from 
Scherer relation, the grain size of the SiC/Al are observed to increase with 
the increasing in the sintering temperature of the samples.  The hardness tests 
were conducted in the suitable Hardness Testing Apparatus by choosing 
appropriate scales of loading and measurement. The test revealed a marked 
increase in the Vickers hardness with respect to the base composites as well 
as silicon carbide. It was found from the experimentation that the hardness 
rate increases with increasing weight fraction of silicon carbide (SiC) and 
sintering temperature. The best results have been obtained at 70% weight 
fraction of SiC particles at 1100 0C. The aim of this investigation is to obtain 
the fundamental understanding of the micro structural changes of the Al 
matrix composites reinforced with SiC particles and mechanical properties. 
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1. INTRODUCTION 

Particulate reinforcement metal matrix composites are very attractive for extensive application in the 
aerospace and automotive industries because of low cost, low density (3 g/cm3), high stiffness, low 
coefficient of thermal expansion (6-8*10-6 K-1), high strength and high thermal conductivity (180-200 
W/mK). The high bonding strength of the reinforced particles and matrix is the main reason for their high 
specific mechanical properties [1]. The main problem of Al-Si-C based ceramics is the presence of the binary 
aluminum carbide Al4C3 in the final sintering product because of its negative effects on the usability of the 
materials [2]. Aluminum reacts with silicon carbide to form Al4C3 and Si according to the heterogeneous 
reaction: 

SiCAlSiCAl 334 34 
  

This reaction is known to degrade the mechanical properties of the composite materials due to the 
formation of Al4C3, which unstable in some environments such water, methanol, ets. [3]. In addition, Si 
released from SiC reinforcement with change the composition of the matrix and this affects the properties of 
materials after the subsequent heat treatment. As a result, much work has been done on the mechanism of the 
formation of Al4C3 and various methods have been suggested to protect the formation of Al4C3 [4]. Al matrix 
composites reinforced with SiC particles can be fabricated by several techniques, among them semi-solid 
forming can be easily brought to mass production and recently much attention has been given to the behavior 
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of material in semi solid state, although the ternary Al-Si-C system has been intensively investigated since 
the early 1980’s. Most solid state synthesis methods were conducted in inert gas (argon) [5]-[8]. 
 
 
2. EXPERIMENTAL SECTION 

The materials used in the present study are fine powders of aluminum metal and silicon carbide 
(SiC) which supplied from BDH chemicals Ltd pool England. The SiC powders were used in particle sizes 
(65 μm). Three batches compositions were prepared, it content Al powder with 40 wt %, 50wt%, 60 wt% and 
70wt% SiC addition. The materials amounts have weighted using a sensitive four digital balance type 
(Precisa Instrument Ltd.). Powders were properly mixed in a porcelain mortar with 5 wt% distilled water, 
then, the mixture was compacted in a plate-shaped steel mold using a load of 2 Tons. Subsequently the 
mixture was dried in a furnace at 120 0C for two hours to eliminate the water. The weighted mass (2 gm of 
powder) was subject to uniaxial pressing forced through a steel die to produce a disk samples with 1.8 cm in 
diameter. Samples were dried for 72 hours in air and then in furnace at 120 0C for 8 hours. The prepared 
samples have been sintered at (800 0C and 1100 0C) for 4 hours at heating rate 15 0C /min in furnace. After 
furnace cooling to room temperature, the specimens were removed for characterization using X-ray 
diffraction (Cu-Kα radiation), the samples were also tested in Vickers micro-hardness measurements, with 
load of 9.8 N and loading period of 40 second was used to obtain the hardness properties for composite 
samples. The indentation impression was subject at four positions in addition to the center of each samples 
and the average has calculate. Equation (1) was used to calculate Vickers hardness [5].  
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Where: 1.854 is a constant, p is the load. 
Lav. is the average of indentation diameter (l1+l2)/2. 
 
 
3. RESULTS AND DISCUSSION 
 
X-ray diffraction analysis 

X - ray diffraction methods were used to characterization and observe the phases formed in the 
process of sintering at high temperatures. Results show that the reaction between Al and SiC is known to be 
deleterious to the properties of the composites since it leads to the degradation of the SiC reinforcement and 
produces a brittle intermetallic compound (Al4C3).  
Results from X-ray diffractions were given in Figures 1 and 2 and Table 1. 
 
 

 
Figure 1. X-ray diffraction patterns of SiC/Al sintering at 800 0C with SiC wt 70% 
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Figure 2. X-ray diffraction patterns of SiC/Al sintering at 1100 0C with SiC wt 70% 

   

Table 1. Phases detected with X-ray diffraction 

Condition Observed Phases 

Sintering at 800 0C with SiC 70% Al4Si2C5,SiC, Al, Al4Si3C6, Al4C3 

Sintering at 1100 0C with SiC 70% Al4SiC7, Al4Si2C5 

 
Figure (1) shows strong peaks with 2  values about (35.69210, 38.52400 and 38.20790), weak peaks 

with 2  value about (28.53770, 33.76490). Figure (2) shows strong peaks with 2  values about (35.64620, 

35.20430 and 57.53950), weak peaks with 2  values about (37.82510, 52.59750).     
 
The crystallites size of the grains in the composite is estimated using the Sherer formula [9]: 




 cos2

K
D                                 

Where 
K: is a constant taken to be 0.94,   

  : the wavelength of X-ray used ( =1.54060
0

A ),   

 2 : is the full width at half maximum of (002) peak of X-ray pattern,  

2 : is the Bragg angle. 
The value of crystallite size is found to be (51.63 nm, 58.11nm).  
The strain ( ) of the sample is determined with the use of the following formula: 

4

cos   

The values of 2 ,  2 the full width at half maximum, grain size, strain and intensity of the X-RD 

peak in the SiC/Al composite of different sintering temperature with SiC amount (70%) are given in table 2. 
 

Table 2. Comparison of structural parameters, FWHM, Grain size, Strain and Peak Intensity of the SiC/ Al at 
different sintering temperature. 

Sintering 
temperature 0C 

Angle 

2  
 2  

radian 

Grain size 
Nm 

Strain 
 *10-4 

Peak 
Intensity 

a.u 
       800 35.6921 0.0028 51.63 6.99 3237 

      1100 35.6462 0.0024 58.11 5.99 3248 
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Iseki et al. [10] have reported that the extent of the reaction between SiC and Al can be monitored 
by measuring the intensities of Al, SiC and Al4C3 peaks. The reaction between SiC and Al is: 
1. Chemical reaction (dissolution) of Sic with Al  
2. Diffusion of Si and C atoms away from SiC surface into Al.       
3. Formation of compounds until the concentration of Al and C reaches the equilibrium concentration of 

Al4C3 
It is believed that increasing the amount of Si in the matrix can reduce the dissolution of SiC and prevent 
the formation of Al4C3 [11]. 

 
Vickers Hardness Measurement 

The effect of reinforcement amount on the density of the composite material, was shown in figure 
(3), from the figure it was clear that with increasing SiC amount density of the composite increases this is due 
to the presents of high SiC content (from 40% to 70% by volume), that is void fraction of the material 
decreases with increasing reinforcement content. 

 

 
Figure 3. Variation of the green density as a function of SiC wt % 

 
The influences of sintering temperature on the samples components were shown in figure (4). It was 

clear that bulk density of the composite increases with increasing SiC amount and sintered temperature.        
 

 
Figure 4. Variation of the bulk density as a function of SiC wt % 

 
The variation of the Vickers hardness of the composite as a function of SiC amount was shown in 

figure (5), from the figure it is clear that with increasing SiC amount hardness of the composite was 
increases. The highest value of V.H. was obtained for samples sintering at 1100 0C with SiC wt 70% due to 
the stiffness of the matrix material. The incorporation of particles in the matrix results in an increase in work 
hardening because of the lower matrix volume [12].  
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Figure 5. Variation of the Vickers hardness of the composite as a function SiC wt% 

 
The variation of V.H. as a function of Temperature was shown in figure (6), from the figure it is 

clear that with increasing sintering temperature V.H. of the composite was increases. The highest value of 
V.H. was obtained for samples with SiC amount 70% sintering at 1100 0C. The mechanical behavior of the 
composite is also very much dependent on the relationship between particle/ matrix interface strength and 
particle strength [13]. It is desirable to have a very high-strength particle/ matrix interface to maximize the 
load transfer to the particle up to the point of fracture. 

     

 
Figure 6. Variation of V.H. as a function of sintering temperature 

 
The hardness behavior observed is ascribed essentially to the perform characteristics. And as it may 

be recalled, the preforms may differ either in percent porosity or in SiC particle size [14].  
 

 
4. CONCLUSION 

The experimental study reveals following conclusions: 
1. Sic/ Al composites have been characterized using X-RD. The formation of aluminum carbide Al4C3, 

which commonly has negative effects to Al-Si-C based ceramics, could be successfully prevented by 
controlling the reaction conditions.  

2. Increasing SiC amount and sintered temperature density of the composite increases.        
3. Increasing sintering temperature V.H. of the composite was increases. 
 
 
REFERENCES 
[1] Xinhe Tang, Ernst Hammel, Walter Findl, Theodor Schmit. “Study of AlSic metal matrix composite based flat thin 

heat pipe”, International Heat Pipe Conference,Vol. 13. Pp. 37-44, 2004.    
[2] Dirk Walter and I Wayan Karyas. “Solid State Reactions in the Al-Si-C System”, Journal of the Chinese Chemical 

Society, Vol. 52. Pp. 873-876, 2005. 
[3] Jung Moo Lee, Suk Bong Kang, Akihiko Kamio. “Microstructural Changes in Al- Cu- Mn Alloy Reinforced with 

SiC Particals on Holding at High Temperatures”, J.of Mater. Trans., Vol/Issue: 40(6). Pp. 537-545, 1999. 

30

40

50

60

70

80

90

100

10 20 30 40 50 60 70 80

SiC w%

V
ic

ke
rs

 H
ar

d
n

es
s 

(M
p

a) Sample at 800 C

Sample at 1100 C

30

40

50

60

70

80

90

100

600 700 800 900 1000 1100 1200

Temperature 0C

V
ic

ke
rs

 H
ar

d
n

es
s 

(M
p

a)

40 w% SiC

50 w% SiC

60 w% SiC
70 w% SiC



                ISSN: 2252-8814 

IJAAS  Vol. 2, No. 2, June 2013 :  67 – 72 

72

[4] J. A. Aguilar-Martínez, M. I. Pech-Canul, M. “Effect of Mg and SiC Type on the Processing of Two-layer, Al/SiCp 
Composites by Pressureless Infiltration”, J. Mater. Sci., Vol/Issue: 39(3). Pp. 1025-1028, 2004.  

[5] Yun LU, Mitsuji Hirohashi and Jin Pan. “Effect of Residual Stress on Mechanical Behavior of SiC/Al Composite”, 
J. Inter. Confer. Comp., Vol/Issue: 33(4). Pp. 325-350, 2007. 

[6] T. Ericsson, A. Ohlsson and C. Persson. Advance X-ray Analysis, Vol. 36. Pp. 461-472, 1993. 
[7] Manoj Singla, Lakhvir Singh, Vikas Chawla. “Study of Wear Properties of Al-SiC Composites”, J. Min. & Mate. 

Chara.& Eng.,  Vol/Issue: 8(10). Pp. 813-819, 2009. 
[8] A. Chennakesava Reddy and Essa Zitoun. “Matrix Al-alloys for Silicon Carbide Particle Reinforced Metal Matrix 

Composites”, Indian J .Sci. & Tech., Vol/Issue: 3(12). Pp. 1184-1187, 2010. 
[9] Ziaul Raza Khan, zulfequar, Mohd, Shahid Khan. “Effect of Thickness on Structural and Optical Properties of 

thermally Evaporated Cadmium Sulfide polycrystalline Thin Film”, J. Chalco. Lett., Vol/Issue: 7(6). Pp. 431-438, 
2010. 

[10]  T. Iseki, T. Kameda and T. Maruyama. “Microstructure Characterization of Sinter-Forged SiC Particle Reinforced 
Aluminum Matrix Composites”, J. Mater. Sci., Vol. 19. Pp. 1692-1698, 1984. 

[11]  Pech-Canul M I, Katz R N, Makhlouf M M. “The role of silicon in wetting and pressureless infiltration of SiCp 
preforms by aluminum alloys”, J. Mater. Sci., Vol. 35. Pp. 2167-2173, 2000. 

[12] Qu S, Geng L and Han J. “SiC/Al composites fabricated by modified squeeze casting technique”, J. Materials Sci. 
Technol, Vol/Issue: 23(5). Pp. 641-644, 2007. 

[13] J.J. Williams, R. Saha, G. Piotrowski, N. Chawla. “Mechanical behavior and microstructure characterization of 
sinter-forged SiC particle reinforced aluminum matrix composites”, J. of Light Metals, Vol. 2. Pp. 215–227, 2002. 

[14] M. I. Pech-Canul, R. N. Katz, M. M. Makhlouf. “Optimum parameters for wetting silicon carbide by aluminum 
alloys”, J. Metal. Mater. Trans., Vol. 31. Pp. 565-573, 2000. 

 


