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Abstract 

Nano particles are used to enhance the strength of the surface when mixed with appropriate ratio. In this work, metal matrix 

based surface nanocomposite is attempted through Friction stir welding (FSW) process. FSW is a type of solid-state welding 

process does not involve any chemical reaction, melting, secondary phase formation and also microstructure-controlled 

welding process. FSW process is performed on AA 2024 and AA 7075 aluminum alloys when filled with nano Al2O3 in the 

nugget zone. In this regard, micro hole is introduced before welding on the nugget zone for filling of nanoparticle addition. 

Process parameters considered are weight % of nanoparticle, tool rotation speed, and welding speed. Response parameters 

considered are tensile strength and bending strength. Taguchi L9 experimental steps are followed to perform the experiments. 

The result of the experiment is realized that surface nanocomposite is developed by varying the weight percentage of 

nanoparticle to the welding zone. The result of the experiment is understood that nanopowder addition is used to enhance the 

strength. The better strength is noticed with 2% nano particle due to proper stir action and material mixing. Process parameters 

are significantly influence the strength of the welded sample. FSW process is easiest method to produce surface nanocomposite 

with better strength. 
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1. Introduction 

Metal matrix composite is category of light weight materi-

al in which matrix are light weight metal such as aluminum 

and magnesium are used. Reinforcement particles are namely 

alumina; silicon carbide and boron nitride are dispersed uni-

formly. MMC can be manufactured using stir casting method 

[1-5]. In this research, the focus of MMC manufacturing 

through friction stir welding process by introducing rein-

forcement with different weight ratio in the welding zone. 

Solid-state welding methods involve the fusion of surfaces in 

a thermoplastic state, which is created from the frictional 

heat either between the surfaces or by an external tool. FSW 

employs a rotating tool that traverses the joint, heating and 

forging the metals. As the tool start to rotate and moves in 

the length of the joint, it induces heat and get material soften, 

effectively blending them and removing the interface. FSW 

is one of the solid-state welding processes in which sufficient 
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heat is generated due to string action of tool and followed by 

induced local heat intensity. It uses non consumable based 

tool and contains shoulder and pin. The shoulder and pin of 

the tool are main parameter for generation of sufficient heat 

and appropriate metal flow [6-11]. 

Joining of aluminum alloy is widely used in aerospace, au-

tomobile and marine industries due to its significant proper-

ties like corrosion resistance, and high strength to weight 

ratio. Conventional welding on aluminum alloy has different 

issues like poor weldability, solidification-based crack and 

porosity. It has significant advantages like no melting, un-

wanted secondary phase formation and no chemical reaction. 

To eliminate this issue solid state welding is attempted by 

various researchers [12, 13]. 

The tools used in FSW play a crucial function in the effi-

ciency of weld joint. They are specifically designed to with-

stand the high temperatures and mechanical stresses. The 

choice of FSW tool type is directly influencing the welding 

process's outcome, including weld quality, mechanical prop-

erties, and suitability of different material combinations. 

Each tool type offers unique advantages, making them essen-

tial elements in achieving high-quality and reliable friction 

stir welds [14, 15]. 

The incorporation of nanoparticles in the nugget zone of 

FSW holds significant importance due to several advanta-

geous effects it can impart to the welded joint. Nanoparticles, 

often added as reinforcement materials, it enhance the 

strength of the weld. They act as strengthening agents, effec-

tively reinforcing the microstructure of the weld and reduc-

ing defects such as voids and porosity. Moreover, nanoparti-

cles are used to refine the grain structure of the weld, and 

increased resistance to fatigue and crack propagation. This 

refinement is particularly beneficial to improve high strength 

and durability of joint [16-19]. 

2. Literature Review 

Nikhil and Govindan [20] et al. utilized FSW process to ex-

ecute dissimilar aluminum alloy welding. The mechanical 

strength was estimated by varying the process parameters. 

Response Surface Method (RSM) idea was used to estimate 

the best combination of process parameters. The result indicat-

ed that RSM idea was significant for prediction the optimum 

combination of process parameters. Predicted optimized re-

sults were improved the performance of welded joint. Zhou et 

al. [21] investigated that serrated joint width effect in FSW 

process for joining of dissimilar metals of AA 2024 and AA 

7075. In their work, strength and microstructure performance 

after FSW were investigated. The widths of joint were 

changed and investigated their performance. The result indi-

cated that enhanced mechanical strength was noticed with 

increase of serrated joint width in FSW process. Gebreamlak 

et al. [22] executed that dissimilar metal (AA 2024 and AA 

7075) welding embedded with nano powder in the welding 

zone. In their research, RSM was used to analysis the experi-

mentation. Mechanical strength and microstructure analysis 

were investigated. The result pointed out that enhanced 

strength and microstructure refinement after nano powder rein-

forcement in the welded samples. Mouria et al. [23] investi-

gated about FSW process by included nano particle in the 

nugget zone. The nano particles considered were SiC and TiO2. 

The result of the experiment was noticed that mechanical 

strength and hardness were improved with the incorporating of 

nano particle. 

Thimmaraju et al. [24] conducted FSW process on Al 

6082 alloy using different tool pin profiles. In their study, 

mechanical strength and microstructure analysis were inves-

tigated. Triangle, square and hexagonal type pin profiles 

were considered. The result of experiment was indicated that 

hexagonal type pin profile performed better than other pro-

file considered. Gopi and Mohan [25] investigated the effect 

of about tool pin profiles on mechanical strength in FSW 

processed Al 6082 alloy. The result revealed that tool pin 

profile was influenced appreciably. Mohammed and Birru 

[26] performed FSW process on Al6082. Nano particle 

Al2O3 was incorporated in the welding zone. Experiments 

were designed with different tool rotational speed, traverse 

feed and hexagonal tool profile. Two and three weld passes 

were executed. The result discovered that three weld pass 

was performed better than two pass. 

Singh et al. [27] developed aluminum-based nanocompo-

site using FSW by adding nano alumina while welding pro-

cess. The result revealed that heat affected zone with restrict-

ed growth of granular and refinement of microstructure due 

to addition of nano particle in the nugget zone. Singh et al. 

[28] used two different types of nanoparticles such as Al2O3 

and TiO2 in FSW process. The result showed that welded 

surface was smooth, higher hardness and better grain struc-

ture with the addition of Al2O3 nano particle. Bodaghi and 

Dehghani [29] used FSW process and added SiC nano parti-

cle to the nugget zone. Process parameters effect on response 

and its optimization were investigated. The result was point-

ed out that refined microstructure as well as improper distri-

bution of nano particle in the welded samples. Bahrami et al. 

[30] developed a metal matrix composite with the help of 

SiC nanoparticle addition to the welding zone during FSW 

process. The result showed that increased tensile strength of 

FSW samples 31% to 76% due to nano particle addition. 

From the literature, it is realized that joining of aluminum 

using conventional welding method called fusion welding 

may leads to defects, gases, porosity and cracking while so-

lidification. Also, joining of aluminum with matrix elements 

through fusion welding method leads to segregation of parti-

cles. FSW is one of the suitable solutions to avoid such a 

issue. Mechanical properties of the FSW joint can be en-

hanced through by adding reinforced particle to the joint. 

Friction stir welding of dissimilar metal is greater challenge 

due to chemical composition, melting, and thermal expan-

sion. These dissimilar joints are most requirement in differ-

ent filed such as light combat aircraft, submarine vehicle and 
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bridge layer tank. Tool pin profile is influencing the contact 

area, material mixing, heat generation, flow of material and 

pulsating action. Process parameters are also significantly 

influencing the strength of the welded joints. Hence, the ef-

fort towards to estimate the better strength through applying 

optimum process parameters in the addition of nanoparticles 

environment. 

3. Experimental Setup 

Dissimilar material joining is used to achieve combined ad-

vantages of both base materials. It is currently used in aircraft, 

defense, military and automotive field. The dissimilar grade of 

AA 2024 and AA 7075 aluminum alloys are considered in this 

project [20-23]. The dimension of 150 mm length, breadth 50 

mm and thickness of 4 mm used as dimension of raw materials. 

Power hacksaw is used to cut the required dimension from raw 

materials. Before FSW process, raw material is cleaned to elim-

inate rust and dirt. Geometry of tool pin is significantly played a 

role in material mixing and flow during FSW. Tool material is 

used as H13 tool steel. Chromium rich based hot tool steel is 

classified into H steel category. H13 steel is categorized into 

high chromium-based steel which has good toughness proper-

ties as well as fatigue resistance. It is widely preferred where the 

requirement of higher durability of more temperature environ-

ment. The major process parameters of the FSW considered 

are  % weight of nano particle, tool rotational speed and welding 

speed. Tool pin shape considered is hexagonal shape. Taguchi 

method is a unique method to plan, analyze and investigate the 

process parameters effect. Taguchi L9 is a standard experimental 

design to perform with minimum number of experiments with 

more interaction [31-32]. Computer based vertical CNC ma-

chine is utilized to execute the FSW process Figure 1 a-d shows 

the experimental facilities used. 

 
Figure 1. a-d testing facilities. 

 
Figure 2. SEM image of Al2O3. 
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Nano particle Al2O3 is added before in the region of weld-

ing to be carried out. Nano particle Al2O3 possesses better 

hardness, mechanical strength and wears resistance. Based 

on literature and trial experiments 2 wt%, 3 wt% and 4 wt% 

of Al2O3 is added in the micro hole. In this regard micro 

holes (200 µm) are performed using drilling process. Figure 

2 shows SEM image of nano Al2O3. 

  
Figure 3. WEDM setup. 

 
Figure 4. a Testing Facilities (Universal Testing Machine). 

  
                           Tensile test                 Bending test 

Figure 5. a-b Samples for testing. 

  
                        Tensile test                        Bending test 

Figure 6. Tested samples. 

Response parameters are outcome of the experiments per-

formed. It is also called quality of weld obtained. In this 

work two responses are considered. Responses considered 

are tensile strength and bending strength. After FSW, Wire 

cut Electric Discharge Machine (WEDM) is used to prepara-

tion of sample for tensile strength and bending strength. 

ASTM E8-04 is adopted to prepare the sample and followed 

by testing. Figure 3 represents WEDM setup. Ultimate Ten-

sile testing Machine (UTM) is used to carry out tensile 

strength of FSW samples. Figure 4 a-b shows the UTM setup. 

Tables 1 and 2 shows the process parameters and experi-

mental results. Figures 5 and 6 show the sample prepared for 

testing and tested samples. 
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Table 1. Process parameters. 

Parameters Level 1 Level 2 Level 2 

% weight of nano particle 2% 3% 4% 

Tool rotational speed in rpm 550 750 950 

Welding speed mm/min 30 40 50 

Table 2. Experimental results. 

Sl. No. 
% weight of nano 

particle 

Tool rotational speed 

in rpm 

Welding speed 

mm/min 
Tensile strength Bending strength 

1 2 650 30 253 305 

2 2 750 40 261 311 

3 2 850 50 268 318 

4 3 650 40 274 314 

5 3 750 50 281 320 

6 3 850 30 289 331 

7 4 650 50 228 285 

8 4 750 30 233 293 

9 4 850 40 241 301 

 

4. Results and Discussion 

In this work, metal matrix-based surface nano composite 

is developed using FSW process Figures 5 and 6 show the 

main effect plot of input parameters on output parameters. 

The result of experiments is indicated that tensile strength 

with higher value from hexagonal profile of tool pin, low 

value of rotational speed and low value of welding speed. 

Weld quality is an important characteristic after FSW pro-

cess. Tool material is used as H13 tool steel which has 

higher hot hardness and resist crack due to fatigue. It will 

be better whenever heat and cooling are involved in cyclic 

type. Profile of the tool pin is appreciably affecting the 

welding performance. Tool pin provides adequate mixing 

and followed by appropriate material flow which will lead 

to tunnel effect. The main reason behind in the tunnel effect 

is called as thermomechanical effect. It also provides high-

er rubbing action and adequate material flow. Hexagonal 

profile is lead to high contact area during FSW which is 

used to obtain better tensile strength. This is because of 

sufficient heat generation and material flow using hexago-

nal tool pin. It is also called pulsating action which is better 

with hexagonal profile. 

Stirring action is playing a significant role in FSW process. 

Heat input generation is mainly depended on the stirring ac-

tion. Low value of rotational speed is proving more heat 

generation and longer duration in contact with base material. 

Figure 9a-b shows the microstructure image with fine grained 

microstructure as well as equiaxed material flow at better 

strength condition. Dynamic re-crystallization is called as 

grain size refinement which will influence the tensile 

strength of the FSW sample. Dislocation movement and ho-

mogenous formation of material are also based on grain size 

refinement after FSW. Better pulsating action, homogenous 

material flow and mixing are the indication of quality and 

defect free weld. The result revealed that appropriate heat, 

proper mixing of flow and followed by quality weld using 

nano Al2O3 addition in the weld zone. 
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Figure 7. Main effect plot for tensile strength. 

 
Figure 8. Main effect plot for bending strength. 

  
                                                  a) Microstructure                                                                        b) SEM image 

Figure 9. a-b Microstructure and SEM image. 

http://www.sciencepg.com/journal/ijmpem


International Journal of Mineral Processing and Extractive Metallurgy  http://www.sciencepg.com/journal/ijmpem 

 

86 

 

Surface nano composite is developed using FSW process by 

introducing nano Al2O3 to the welding zone. The percentage 

of nano Al2O3 is significantly influenced the strength of the 

FSW samples. It is understood the result FSW welded joint in 

terms of strength. The result of the welded joint in terms of 

strength and hardness are better due to the process parameters 

as well as addition of reinforcement. Addition of reinforce-

ment with higher percentage (4%weight) leads to brittleness 

and reduction of hardness. The low value (2%weight) and 

medium value (3%weight) of nano powder addition is used to 

increase the strength and hardness. Higher value of nano pow-

der addition is noticed with lesser strength reduction and hard-

ness. 

5. Conclusions 

1) Surface nano composite is developed using friction stir 

welding on dissimilar material. VMC is used for per-

forming the experiments. Results are analyzed with the 

help of main effect plot. 

2) Tool pin profile is influenced the mechanical perfor-

mance of welding strength. The result revealed that 

mechanical performance is influenced by area of con-

tact, effective material mixing flow and strength. It is 

understood that tool pin profile is influenced signifi-

cantly which is induced sufficient heat generation and 

material flow during FSW process. It is realized that 

profile of tool pin is played a significant role in heat 

generation in sufficient quantity, microstructure of fine 

grain refinement, flow of material, pulsating action and 

inter metallic bond thickness. 

3) Micro holes are introduced using drilling process in the 

welding zone and filled with nano powder before weld-

ing. FSW process is conducted using addition of Al2O3 

nano particle. The result revealed that nano particle ad-

dition is enhanced the mechanical strength. 

4) The result of the 2 % weight variation of nano powder 

to the welding zone is significantly improved the 

strength and hardness. 

5) The result of tensile strength (234 N/mm
2
) and micro 

hardness (261VHN) are enhanced with nano powder ad-

dition. The corresponding input parameters are of tool 

rotational speed (600 rpm) and medium welding speed 

(40 mm/min) with hexagonal tool pin profile. Low range 

of tool rotational speed and welding speed are given bet-

ter strength and hardness of welded sample. 

6) Microstructure and SEM images of FSW sample with 

nano particle incorporated are shown fine grained. 

7) FSW with the different tool pin profile, nano powder 

effect, nano powder size effect, raw material and other 

optimization tools are the future work directed from 

this work. 

Abbreviations 
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SEM Scanning Electron Microscope 
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