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Aluminum composite materials are created by blending an aluminum alloy (AL-Si12Fe) base 

material with reinforcement elements that consist of 5% graphene oxide (GO). The components are 

fabricated using the stir-squeeze casting technique. A study was conducted to ascertain the 

mechanical properties of these composites. The results indicated that the inclusion of GO 

reinforcements significantly enhanced their strength. The AL-Si12Fe+5%GO and AL-

Si12Fe+5%GO-weld composites exhibited a 41% and 57% increase in ultimate tensile strength 

(UTS) compared to the LM6 aluminum alloy. In addition, the ductility increased by 302% and 

466% respectively when the rotary friction welding technique was used for welding. Rotary friction 

welding is a technique used to enhance and restructure crystals, as well as induce super-

deformation.  
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1. Introduction 

The current study focuses on the potential application of friction welding for the purpose of 

connecting Aluminum Composite Materials (ACM). Aluminum alloys can be reinforced by 

including substances such as graphite or industrial waste, leading to the creation of Aluminum 

Matrix Composites (AMCs). This technique of reinforcing enhances the mechanical 

characteristics of the alloys. The increasing use of Advanced Composite Materials (ACMs) in 

the automotive and aerospace sectors has required the creation of effective techniques for 

connecting these materials [1]. 

Friction welding, specifically solid-state welding, is a preferred technique due to its low heat 

input, absence of filler materials, little heat impacted zones, reduced distortion and residual 

strains, and enhanced material qualities. Rotary friction welding (RFW) is highly suitable for 

aluminum alloys due to its ability to effectively match material properties with process 

capabilities [2]. 
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Graphene is a monolayer of carbon atoms that are closely packed in a two-dimensional (2D) 

structure. It has a smooth surface and the carbon atoms are hybridized in a sp2 configuration. 

Graphene possesses distinctive characteristics as a result of its honeycomb structure, including 

its lightweight nature, transparency, and exceptional mechanical, thermal, and hardness 

qualities. Consequently, it finds applications in a diverse array of sectors [3]. The Hummers 

method, a widely used technique for oxidizing graphite, involves the use of substances such 

as H2SO4, HNO3, and KMnO4 to convert graphite into GO [4], similar to other methods 

based on the Hummers approach [5]. When exposed to various reducing agents, such as 

ascorbic acid, sodium borohydride, and hydrazine, graphite oxide will undergo chemical 

reduction. Typically, the final product is called reduced graphene oxide [6], as depicted in 

Figure 1. 

 

Figure 1. Strategies of Graphene Oxide via Hummer Method. 

 

2. Methods and Methodology: 

In this study, we will analyze the mechanical properties and microstructure of reinforcing 

elements used in aluminum composites. The blend of materials was made utilizing a 

combination of stir squeeze casting and the RFW process, and it contains 5% graphene oxide 

(GO). We will evaluate the properties of the final products.  The GO powder with a thickness 

ranging from 1 to 5 nm is shown in Figure 2.  The outcomes of the GO specification can be 

seen in Table 1, while the findings of the chemical composition analysis can be found in Table 

2. 

 

 

Figure 2. GO Powder. 
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Table 1.  Specification of GO Powder. 

Parameters Value 

Purity ˃99% 

Thickness 

(diameter) 

1-5 nm 

Number of 

layers 

The average number 

of layers 4-8 

Surface Area 210 m2/g 

Table 2. Chemical Composition of GO Powder. 

Element C O Na S 

Wt % 61.67 37.89 0.27 0.18 

Employed the stir squeeze casting method to manufacture an Advanced Metal Composite 

(AMC). Figure 3 illustrates the utilization of hydraulic forging and casting procedures in the 

casting machine to merge and solidify materials. In order to avoid moisture and the 

agglomeration of particles, the preheater chamber of the stir squeeze casting machine elevated 

the temperature of the reinforcement particles to 300°C. Subsequently, the heated 

reinforcement particles were meticulously mixed with molten AL-Si12Fe metal for a specified 

duration to ensure a uniform distribution inside the matrix phase. The samples were created 

by subjecting the mixture to hydraulic pressure. Table 3 includes the specific settings for 

casting. 

 

Figure 3. Cross-Sectional View of the Stir Squeeze Casting Machine. 

Table 3. Process Parameters of Stir Squeeze Casting Process. 

S. 

No 
Process Parameters 

Range 

(Values) 

1 Stirring temperature 740 oC 

2 Stirring speed 600 rpm 

3 Stirring time 10 mins 

4 Preheat temperature of 300 oC 
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reinforcement particles 

5 
Preheat temperature of the 

permanent die 
250 oC 

6 Squeeze pressure 75 MPa 

7 Matrix material (AL-Si12Fe) 95% 

8 Reinforcement material (GO) 5% 

Rotational Friction Welding (RFW) machines are sophisticated industrial apparatuses capable 

of precisely and efficiently joining diverse materials. These devices employ Rotary Friction 

Welding, a procedure in which one component is rotated at high speeds and forced against a 

fixed part, generating heat through friction. This technique is very valuable in industries like 

e-mobility, aerospace, and automotive sectors because it can create parts with complex 

material combinations, resulting in strong and reliable connections. Figure 4 depicts the 

arrangement of the RFW machine. The welding process employs a spindle speed of 1400 

revolutions per minute (rpm), an upsetting pressure of 150 megapascals (Mpa), an upset 

pressure of 230 Mpa, and a friction time of 200 seconds. 

 

Figure 4. Shows the Layout of FRW [7]. 

 

3. Result and Discussion: 

The results provided provide an analysis of the mechanical and physical characteristics of four 

materials: (A) the base material AL-Si12Fe, (B) A with an additional 5% of graphene oxide 

(GO), (C) A that has undergone welding, and (D) A with an additional 5% of graphene oxide 

(GO) that has undergone welding. 
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3.1 Mechanical Characterizations of Composites. 

The ASTM standard E-8 was followed in the preparation of each and every sample, and 

uniaxial tensile testing was carried out on each and every product. Following the measurement 

of each sample's ultimate tensile strength (UTS) and percentage of ductility, the calculated 

results were then averaged. For the four samples that are denoted by the letters A, B, C, and 

D, the stress-strain curves and the average UTS value are depicted in Figure 5. All of the 

samples are shown in Table 4 with their respective percentage increases in ductility and UTS. 

 

Figure 5. Stress-Strain Curves for Samples A, B, C and D. 

Table 4. UTS and Ductility Values of Samples from Tensile Testing. 
Sample 

ID 

UTS 

(MPa) 
% UTS Elongation 

% 

Ductility 

A 110 - 0.48 -- 

B 156 41% 0.18 - 62% 

C 100.2 -9 % 1.93 302% 

D 173.6 57% 1.02 466% 

Friction welding is a method that utilizes severe plastic deformation (SPD) to enhance the 

crystal microstructure. This procedure facilitates the production of materials with small 

particle sizes, which is crucial for attaining super-plasticity. Thermomechanical processing, 

often referred to as recrystallization in the AMC, is another name for this process.  We noted 

a substantial rise in the ductility percentage in the welded samples, peaking at 466%. 

Hardness testing using the Vickers method was performed to ascertain the hardness 

distribution across the composite samples. The hardness testing utilized materials of type (C) 

and (D). The hardness value of each sample was measured individually, as depicted in Figure 

6. 

During RFW procedures, the material hardness in the welding zones is reduced compared to 
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the parent metal due to recovery and recrystallization or removal recrystallization process [8]. 

 

Figure 6. Results of Vickers Hardness Testing 

Figure 7 illustrates the energy absorbed by four samples that were prepared according to the 

ASTM A370 standard. 

 

Figure 7. Energy absorbed by impact testing samples. 

3.2 Physical Characterizations of Composites.  

Figure 8 depicts the microstructural image of an aluminum alloy (AL-Si12Fe). The material 

is composed of a homogeneous mixture of aluminum and a network of aluminum-silicon 

eutectic that is found between the dendrites. Figures 9 and 10 depict the microstructure of the 

heat-affected zone (HAZ) and welding region. Upon meticulous analysis, we saw a reduction 
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in the dimensions of the particles within the crystals as we transitioned from the heat-affected 

zone (HAZ) to the welded region. The results suggest that the crystals in the weld region 

experienced recrystallization due to the super-deformation induced by friction welding 

procedures [9]. Al, Si, O, C, Fe, and Mg elements were identified in the composite material 

during the EDS investigation. The elemental maps illustrated in Figure 11. 

 

Figure 8. The (AL-Si12Fe) Microstructure. 

 

Figure 9. Sample (C) HAZ. 
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Figure 10. Sample (C) Welding Region. 

 

Figure 11.  EDS Map of Sample (C) Weld Composite. 

Microstructural pictures of the heat-affected zone (HAZ) and welding regions of sample (D) 

are shown in Figures 12 and 13. Through careful examination, we noticed a decrease in the 

dimensions of crystal particles from the heat-affected zone (HAZ) to the welded region. The 

data suggest that friction welding caused significant distortion, resulting in the recrystallization 

of crystals in the welded region. The EDS examination identified the existence of Al, Si, O, 

C, Fe, and Mg elements. Figure 14 illustrates the procedure of elemental mapping. 
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Figure 12. Sample (D) HAZ. 

 

Figure 13. Sample (D) Welding Region. 
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Figure 14.  EDS Map of Sample (D) Weld Composite. 

 

4. Conclusion: 

• Mechanical tests were conducted on AL-Si12Fe alloy and composites containing 5% 

GO reinforcements. The results and analysis indicated that the use of GO reinforcements 

enhanced the mechanical properties of the composite material. The ultimate tensile strength 

(UTS) of AL-Si12Fe+5%GO and AL-Si12Fe+5%GO-weld composites was 41% and 57% 

greater, respectively, compared to the base aluminium alloy. 

• The application of the rotary friction welding process resulted in a significant increase 

in ductility, with improvements of 302% and 466% observed, respectively. 

• Micrographs and EDS maps were utilized to analyze the morphology of AL-Si12Fe 

samples containing +5%GO, as well as welded samples from the same user. The study sought 

to quantify the enhancement of the alloy. The importance of the chemical composition, particle 

size, and particle size concentration of the reinforcing phase components was shown. The 

crystal particles underwent shrinkage from the heat-affected zone to the welded area, 

signifying that the process of friction welding resulted in the crystals undergoing 

recrystallization in the welded region. 

• The adaptable technology of rotary friction welding has the ability to improve crystal 

characteristics and cause super-deformation. 
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