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ABSTRACT: 

This paper details the friction stir processing (FSP) and mechanical behaviour of hybrid composite materials. Boron 

carbide (B4C), silicon carbide (SiC), aluminium oxide (Al2O3) particulates are reinforced with aluminium alloy (LM25) 

to fabricate hybrid composite specimens via FSP. The effect of FSP parameters such as tool rotational speed, 

traversing speed, groove width and micro hardness was investigated. Scanning electron microscopy analysis has shown 

that B4C, SiC and Al2O3 particulates are dispersed well into the Aluminium alloy matrix. Mechanical test results have 

shown that the tensile strength and Vickers hardness of FSP aluminium alloy with B4C and Al2O3 particulates are better 

than FSP aluminium alloy with SiC and Al2O3 particulates.  
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1. Introduction 

Metal Matrix Composites (MMC) can be processed 

using liquid state processing, semi-solid processing and 

powder metallurgy. In MMC, the matrix binds the 

reinforcements together. Good wetting is an essential 

condition for the generation of bond between the 

particulate reinforcements without failure. Friction stir 

process (FSP) is a solid state technique which has the 

ability to modify micro structures and provide improved 

properties over conventional processing technologies. 

FSP is used recently in aerospace, automotive, marine 

and railroad industries along with various applications. 

Friction stir processing is most commonly used with 

aluminium alloys [1-4]. Aluminium alloy exhibits 

extremely poor resistance to seizure and galling [4]. 

Experimental [5-7] studies of FSP were undertaken by 

many researchers. FSP is a process in which a rotating 

tool is driven into a desired weld seam and traverses 

across the length of the seam to form a solid joint, where 

as no melting of the work piece occurs in friction stir 

welding process. First the tool without pin traverses 

along the groove to forge the reinforcement particles as 

shown in Fig. 1. Then, the tool with the pin, as shown in 

Fig. 2, may moved along the desired line to cover the 

region. Due to the friction between tool and work piece, 

the work piece tends to soften and then plasticizes the 

composite materials introduced along the groove. During 

this FSP, the materials undergo plastic deformation 

resulting in the improved grain structure. FSP aims to 

modify the microstructure of a single work piece or 

multiple work pieces.  
 

 

Fig. 1: Aluminium alloy filled with reinforcement 

 

Fig. 2: FSP tool with pin 

The material flow behaviour in FSP is 

predominantly influenced by the profile and dimensions 

of the FSP tool and process variables. Sun and Fujii [8] 

fabricated Cu-SiC particulates MMC using FSP in one 

and two passes. The joints processed after two passes 

have resulted in a particle-rich and free region formed in 

the stir zone. The particle rich region has a refined grain 

structure due to the SiC particulates. Barmouz et al [9] 

fabricated Cu-SiC particulates MMC using FSP with 

5nm and 30 nm SiC particulates. FSP of copper with SiC 

particulates has increased the percentage of elongation 
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and decreased the tensile strength compared to the base 

metal. When there are a minimum of three materials, it is 

called as hybrid composite. LM25 aluminium alloy is 

considered as the base matrix material. In this paper, 

hybrid composites are fabricated using aluminium oxide 

(Al2O3) with boron carbide (B4C) and silicon carbide 

(SiC) particulates as the reinforcement materials. 

Mechanical tests are carried out to investigate the tensile 

strength, micro hardness using Vickers test and 

particulate dispersion into matrix using scanning electron 

microscope (SEM). 

2. As-received and FSP specimens 

Aluminium alloy plate of 1605034mm is machined 

out of blank using a vertical milling machine. Then, a 

slot of 1601.42mm is made at the middle of the top 

surface using wire cut electrical discharge machining. 

The machining is carried out as two aluminium alloy bar 

specimens. In order to produce as-received composite 

specimens, Al2O3 particulates were contrived in the 

groove. The groove has to be made in the advancing side 

which is 1mm away from the centre line of the tool 

rotation on the aluminium plate [10]. The top surface of 

the groove was closed with a FSP tool without pin to 

prevent the escaping of Al2O3 from the groove. In the 

next stage, the FSP tool is plunged with the pin into the 

plate to stir the material along with the reinforcement to 

produce the MMC. The specimens were clamped to the 

backing plate using bolts. Then, FSP is followed for 

joining up of the aluminium alloy. 

The base material used in the FSP is 16070mm 

aluminium alloy LM25 and conforms to British Standard 

1490. The reinforcement particles which have effect on 

the wear and mechanical properties were identified as 

SiC, B4C and Al2O3 [11, 12]. A square groove was made 

with dimensions of 10mm width and 3mm depth tangent 

to the pin in the advancing side, which is 1mm far away 

from the centre line of the tool rotation on the aluminium 

alloy LM25 plate. Various mixer ratios of SiC, B4C and 

Al2O3 particulates reinforcements are packed in the 

groove. The groove opening was initially closed by 

means of the tool without pin to avoid the escapement of 

reinforcement particles from groove. Tool travelling 

speed of 40 mm/min, axial force of 5 kN and tool 

onward tilt angle of 2.5 along the centre line were used 

in the FSP. The experiments were carried out on a 

vertical milling machine. The schematic of aluminium 

alloy plate for FSP with tool traverse is shown in Fig. 3. 

The finished FSP specimen is shown in Fig. 4. 

The SEM analysis was also utilized for measuring 

the reinforcement particles size and worn morphology of 

surface hybrid composites. After FSP, micro structural 

inspections were carried out at the cross section of the 

nugget zone of surface hybrid composites normal to the 

FSP direction. Before taking SEM images, the surface is 

mechanically polished and etched with Keller’s reagent. 

The size of the nugget zone is normally equal to the size 

of the rotating pin, width and depth of 8mm and 3.5mm 

respectively. The SEM of Al-B4C/Al2O3, Al-SiC/Al2O3 

in rpm surface hybrid composites and as-received 

aluminium alloy were analysed. The particles of SiC, 

B4C and Al2O3 were observed to be dispersed uniformly 

in the nugget zone for all hybrid composites made by 

FSP. The rotating tool gave sufficient heat generation 

and a tangential force to distribute the reinforcement 

particulates to flow towards the wider area [13]. From 

the SEM image at the stir zone for Al-B4C/Al2O3 

composite, as shown in Fig. 5, it is observed that the 

bonding of carbide particles and solid lubricant with 

surrounding matrix depicts any interfacial reactions. 
 

 

Fig. 3: FSP of hybrid composite during tool traverse  

 

Fig. 4: Finished FSP specimen 

 

Fig. 5: SEM microstructure of processed composite 

3. Mechanical testing 

The tension test specimens were taken from the surface 

hybrid composites normal to the FSP direction and made 

as per ASTM E8 standard by using wire cut electrical 

discharge machining to the required dimensions. The 

tensile test is carried out to the pin normal to the FSP 
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direction. Tension tests were performed at room 

temperature using the FSP composite and as-received 

Aluminium alloy specimens. FSP used the rotational and 

traverse speeds of 1400 rpm and 40 mm/min 

respectively. Table 1 gives the comparison of tensile 

strengths for as-received and aluminium alloy reinforced 

with SiC-Al2O3and B4C-Al2O3 specimens. It is seen that 

the combination of Aluminium alloy with B4C-Al2O3 

specimen has higher tensile strength than the base metal. 

The tensile strengths of the FSP Aluminium alloy with 

SiC-Al2O3 specimens were reduced as compared to the 

B4C-Al2O3 specimens. The presence of hard SiC 

particles enhances the hardness and consequently 

reduces the elongation of specimen. Moreover, the 

presence of SiC particles could restrict the grain 

boundary sliding. 

Table 1: Tensile strength (MPa) of hybrid composite specimens 

Specimen 
LM25 with 

SiC-Al2O3 

LM25 with 

B4C-Al2O3 

1 153 200 

2 250 240 

3 260 280 

4 240 290 
 

Micro hardness tests were carried out at the cross 

section of nugget zone of surface hybrid composites 

normal to the FSP direction. Samples were tested with a 

load of 15g and duration of 15 sec using a Vickers 

digital micro hardness tester. Vickers hardness test 

specimen of 15×5×10 mm dimensions is shown in Fig. 

6. The physical quality of the indenter and the accuracy 

of the applied load as per ASTM E8 must be controlled 

in order to get the correct results. After the load is 

removed, the two impression diagonals are measured, 

usually to the nearest 0.1-μm with a filer micrometre to 

obtain averaged Vickers hardness (HV). Table 2 gives 

the comparison of micro hardness test results for as-

received and aluminium alloy reinforced with SiC-

Al2O3and B4C-Al2O3 specimens. Reduction in hardness 

for FSP specimens may be due to remarkable softening 

which occurred during FSP. The micro hardness is high 

for B4C-Al2O3 reinforcement. 
 

 

Fig. 6: Micro hardness sample 

Table 2: Vickers hardness (HV) of hybrid composite specimens 

Specimen 
LM25 with 

SiC-Al2O3 

LM25 with 

B4C-Al2O3 

1 110 160 

2 115 155 

3 80 135 

4 105 160 

4. Conclusions 

The primary research on FSP focuses on aluminium 

alloys. FSP forces material flow at the temperature lower 

than the melting temperature. Lowering the tool 

rotational speed and the feed rate has resulted in poor 

distribution of B4C, Al2O3 and SiC particles. The 

increase in groove width did not affect the distribution of 

B4C, Al2O3 and SiC particles in a significant manner. 

From the SEM analysis, it is observed that the particles 

were distributed uniformly throughout the matrix. The 

tensile strength and hardness are high for FSP materials.  
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