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The Aluminum metal matrix with particulate reinforcements is the new future of the coming industrial revolution due to the higher strength and availability. Composite reinforcements such as SiC, TiB2, B4C, and others contribute significantly to the increased strength of the Aluminum metal matrix, which can be an optimal choice, also at a lower cost, in some applications where Aluminum is considered or proven to withstand high temperatures. Ultrasonic welding is the process, where, we get the electrical energy, which converts and amplifies into vibration energy for the welding to occur. The challenge we face today is the thickness limitations in ultrasonic welding. The ultrasonic welding of the Aluminum metal sheet with the reinforcements may affect it, as the addition of particulate reinforcements will increase the strength of the Aluminum matrix. Ultrasonic welding can only support a metal sheet with a thickness of up to 2.5 mm in the case of an Aluminum plain sheet. However, if the strength of the Aluminum metal matrix increases, the next step is to achieve ultrasonic welding with the same thickness of Aluminum matrix and reinforced composites that have greater strength than a standard Aluminum sheet. This review will focus on the parameters and the factors which may help decrease the difficulties of Ultrasonic Welding of Aluminum MMC, alongside reviewing the current technologies and research works.
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GRAPHICAL ABSTRACT. A Brief Review of the Ultrasonic welding process flow and sequence for joining aluminium metal matrix composite.
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INTRODUCTION

Aluminum, the most abundant metal on earth’s crust, is well known for its corrosion resistance and low density, which allows it to be a benefit for the aviation industry (Wu et al., 1996; Reddy et al., 2009; Ramnath et al., 2014; Raviteja et al., 2014; Shinde et al., 2020). The oxygen bonds with pure Aluminum are quite strong, which is forms or as alumina from the bauxite ore. It undergoes the oxidation process when exposed to the external atmosphere and forms a coating of Alumina (Al2O3). It is hard to surpass this protection over pure Aluminum when kept in an open atmosphere. It has a higher melting temperature than that of pure Aluminum if taken under ideal conditions. The corrosion-resistant nature caused by alumina’s presence over the surface of pure Aluminum is a boon to the industries. The particulate reinforcement in Aluminum enhances its mechanical properties. Also, this brings an advantage for the welding of an Aluminum sheet, which was usually tricky due to alumina’s presence, which acted as a protective shield over the Aluminum surface. Aluminum is the metal available in plenty and with particulate reinforcements as a replacement can be an alternative in many fields across industrial applications which range from home appliance parts to the large-scale heavy electrical industries, aviation and aerospace industries, etc. Due to this rise in demand and special properties and specific similarities to some metals, Aluminum related processes need some advanced research. Also, it can create feasibility in many processes, where some costly and decrease the usage and wastage of rare metals can especially in automotive industries (Surappa, 2003).

Ultrasonic welding has gathered its own pace, in gaining its importance in the potential industrial revolution and technological advancements. The process of ultrasonic welding is for joining similar or dissimilar metals and plastics (Maria, 2014). This process uses vibration energy and relative motion of two similar or dissimilar metal sheets, and the welding process takes place with the fusion of the metal sheets at the point where a sonotrode tip concentrates will experience frictional heat. Figure 1 shows the general process flowchart.
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FIGURE 1. The structure of the review for understanding the Ultrasonic Welding of Aluminum MMC.



Different types of particulate reinforcement composites are used to make Aluminum ready for welding. Each particulate reinforcement has its distinct properties and depends on the method or the process and the applications to be used. The metal matrix is reinforced with the prerequisite composites (Chak et al., 2020). These usually involve Titanium Diboride (TiB2), Boron Carbide (B4C), Silicon carbide (SiC), etc. For the particulate reinforcement usually stir casting process is used. Further, this is an in-situ method that gives us a better particle-matrix interface and thermodynamically stable outcome.

Mixtures and particles are more delicate. The stir casting process is exothermic, where reactions occur during this frictional heat generation, which gives us a self-stabilizing result once the frictional heat comes into play (Laha et al., 2004; Daoud, 2005; Muñoz-Morris et al., 2005; Pal, 2005; Sukumaran et al., 2008; Mahesh et al., 2011; Bhandare and Sonawane, 2013; Kumar et al., 2013; Inegbenebor et al., 2016; Annigeri Veeresh Kumar, 2017; Horikiri et al., 2017; Srivyas and Charoo, 2018; Vanam et al., 2018; Kumar Sharma et al., 2020).



DETAILS OF THE PROCESS


Aluminum Matrix Reinforcement

The most efficient and used process is stir casting (Segal, 1995; Etter et al., 2003; Ruch et al., 2006; Saravanan et al., 2007; Yin et al., 2008; Kocimski et al., 2009; Ramu and Bauri, 2009; Xue et al., 2011; Alhashmy and Nganbe, 2015; Li et al., 2016; Kumar and Birru, 2017), for particulate reinforcements. Comparing different methods for Silicon Carbide to be reinforced into the Aluminum metal matrix are compared in Table 1. Moreover, to form a metal matrix, there are several methods used, and they have various range of sizes and shapes; also, when their volume fractions vary, they are prone to give damages to the reinforcements as well as the cost of these methods may vary according to the requirements (Amouri et al., 2016; Jeykrishnan et al., 2017; Prakash et al., 2018).



TABLE 1. Comparison of processes for particulate reinforcements (Sijo and Jayadevan, 2016).
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An increment in the Aluminum matrix composite’s tensile strength was reported after the addition of Silicon Carbide (Hashim et al., 2001). As the gradual increment of Silicon carbide by %weight, the tensile strength’s positive change is recorded. With Silicon Carbide, 0% by weight, the tensile strength was 28.5 MPa, and at 5wt%, 20wt% of SiC the composite showed 59.4, 77.56 MPa of tensile strength, respectively, but at 10% by weight of SiC, it displayed a decrease in tensile strength. The addition of SiC displayed less wear of the matrix composite. Also, iron, silicon, manganese, copper, magnesium, and Aluminum can increase the Aluminum matrix’s wettability (Rahman and Rashed, 2014). Specifically, iron gives special properties to the matrix, which involves the uniform distribution of reinforcement, enhanced tensile strength, and grain structure.

Bodukuri et al., 2016, found that the addition of SiC and B4C can cause variation in the densities (Bodukuri et al., 2016). Four types of densities observed are Apparent, tap, green, sintered. There were three combinations, which are as follows:


(1)Aluminum was 90%, silicon carbide was 8%, and boron carbide was 2%;

(2)Aluminum was 90%, silicon carbide was 5%, and boron carbide was also 5%;

(3)Aluminum was 90%, silicon carbide was 3%, and boron carbide was 7%.



Among the above combinations, the second condition’s sample gave the best results. It displayed an apparent density of 1.4, tap density of 1.7, green density of 2.8, and a sintered density of 2.9. Hence this study showed that the percentage of Boron carbide has also played a vital role. The hardness decreased as the Boron carbide decreased by the percentage. Table 2 shows the comparison of the mechanical characteristics for different reinforcements for AMCs, Srivatsan et al. (1991) discussed some standard procedures by sieving follow particulate reinforcement. Then, blending or mixing occurs when we usually add a lubricant in powdered form. Then, it proceeds for compression, which will help us create and consolidate the mixture we have obtained into a particular shape would be required. Then it can machine over the surface of the finally obtained matrix. The process of degassing will take place in such a way we will remove all the entrapped gases from the matrix and would proceed further with the process of forging, extrusion, or rolling (Yashpal et al., 2017). Figure 2 displays further processing after the Aluminum matrix casting with Silicon as a reinforcement.



TABLE 2. Mechanical characteristics comparison for different reinforcements for AMCs.
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FIGURE 2. Further processes after casting of Aluminum MMC with SiC addition by stir casting process.





Ultrasonic Welding

The ultrasonic welding process uses a frequency converter that consumes low power and converts to high frequencies’ mechanical power. Figure 3 displays the Ultrasonic welding setup. It has a clamping or pneumatic force applied along with a convertor or piezoelectric transducer, which converts high-frequency electric power supplied by the ultrasonic generator into vibrating motion or vibrating energy, which is further supplied to the horn, concentrating the sonotrode tip on the weld area. The metal sheets to be weld kept on an anvil which will be static (Tsujino et al., 1996; Truckenmüller et al., 2006; Suresh et al., 2007; Ultrasonic Welding, 2009; Yashpal et al., 2017).
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FIGURE 3. The ultrasonic welding setup.



Then the heat generation takes place, which would due to this heat generated, the sheets to be weld will experience fusion, which will join them. Hence using ultrasonic frequencies, we can weld two similar or dissimilar thin metal sheets. For an Aluminum sheet without particulate reinforcements, a limit of 2.5–3 mm of thickness is considerable. But, when we add particulate reinforcements in the form of composites, we may experience difficulty using the metal sheet with the same thickness as possible in the general case of the probably pure Aluminum sheet. In the process of ultrasonic welding, the thickness of a workpiece of hard material is usually limited to 1 mm (Hassan et al., 2009; Panteli et al., 2012; Wagner et al., 2013).

Welding pressure is the most important factor which may influence the outcome of any resulting weld, its strength, or the workpiece may be obtained damaged if the pressure tends to be excessive. The clamping force or the welding force also has a huge significance, where by using a load cell the welding force should be calibrated for direct comparison of welding forces to be made, this value varies in different machines.

During ultrasonic treatment, the holes and selectivity of SiCp/Zn-Al filters of metal molecules are cut, and the dispersion of SiC particles is assumed to be similar in both large and small sizes (Truckenmüller et al., 2006). A mechanical actuator is used to create an outer vortex of water to mix the metal liquid well, to help move the smooth parts, and to hold the shapes in place in the suspension; an actively mixed solvent accelerates the risk of traps and gas leaks, creating high porosity in the molten material. Cavitation organizes, improves small air sacs, blows, and falls into water under high-power cyclic ultrasound waves. These large air pockets freeze and float outside the pool due to flooding. Thus, the elimination of dissolved gases dissolved in the water takes place. The small size of the closed bulbs and their larger size, being responsible; when the cavitation in water is performed, it is speedy to lower it to make a more comprehensive volume; unfortunately, stresses are still induced in the bond formed by this metal filling (Yang and Li, 2007; Wagner et al., 2013; Yashpal et al., 2017).

Further, this suggests that pure ultrasonic cavitation is formed within the filler. Agglomerate dispersion and prevention of new coagulation of Silicon carbide particles, not all gases can be removed (Panteli et al., 2012). The manufacturing process and classification of the welding process used for joining composite are shown in Figure 4, and polymeric is shown in Figure 5.
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FIGURE 4. Manufacturing process, classification of welding process used for joining composite.
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FIGURE 5. Manufacturing process, classification of welding process used for polymeric fabrication.






PROCESS PARAMETERS

The process parameters discussed are based on the literature surveys, and collecting evidence from various research works done to date. These parameters will possibly direct the researchers to understand and follow the steps which tend to give an ideal result, irrespective of the cost. Key findings of the literature are provided in Results which explains why these parameters are optimum.


(1)The Aluminum will undergo passivation, and the Aluminum-Oxygen bond is very strong and may be difficult to breakdown this bond. Ultrasonic cavitation is a process that can be used to remove the oxide layers from the aluminum surface, which is quite an efficient process in comparison to the other processes when taken into consideration on the surface level.

(2)The stir casting process for the aluminum obtained with the addition of hard composites like SiC would be done. The cleanest interface of an Aluminum MMC is obtained by the stir casting process. Some additions may include molybdenum, titanium, etc., in small amounts.

(3)After we obtain the stir-casted Aluminum MMC, the next step will be to set the ultrasonic welding machine. We will keep the workpieces over the anvil and press the horn tip over the surface. We need to check if the workpieces are aligned correctly or not kept over the anvil.

(4)Trigger force has to be regulated before the welding, depending on the type of metal used. And the effect of pressure applied over the welding spot will decide if the weld strength and if it has been successful or still requires increment in the pressure for the fusion to take place for a successful joint.

(5)The frequency to be used for the welding processes is 15–40 kHz, which is optimum for plastics and some metals, but Aluminum MMC is having higher tensile strength, the frequency may range up to 70 kHz for the process (Kim et al., 2017).

(6)It has a frequency converter, which will use low power and starts to convert to electric power of high frequencies. After obtaining the electric power of high frequency, we will see how the transducer will eventually convert this high-frequency electric power supplied into vibrating energy.

(7)This vibrating energy is targeted toward the horn, and under this horn, we have a sonotrode tip that will be concentrating on the workpiece surface to weld. The sonotrode tip will eventually generate heat of fusion at the point of its concentration.

(8)During this heat generation, the workpieces (usually the plates or sheets of Aluminum) will eventually experience fusion amongst their aligned surfaces, in between which the tip is focused kept over the anvil, here anvil is static for the energy concentration by the means of tooling profile, which is mounted to the anvil (Tee et al., 1999; Siddiq and Ghassemieh, 2009; Tsujino and Sugimoto, 2014; Rana and Badheka, 2018).





RESULTS

The ultrasonic welding process is used to fabricate Aluminum alloys very commonly (Daniels, 1965; Suresh et al., 1993; Yang et al., 2006; Bhandare and Sonawane, 2013). The MMC, which is to be utilized for structure-related processes, also includes ceramic fibers like silicon carbide. The expected results of each element in the MMC are not directly applicable for or reinforcing the ceramic fibers into the MMC. The physical characteristics, along with mechanical, thermal, also chemical properties, come into play. That temperature and orientation of fiber are also the major contributors for reinforcement of ceramic fibers concerning the direction of welding, with each property having its dominance in the role they play in ultrasonic welding of the MMC. The temperature has a significant influence during the process because it has to be kept in focus during the bond formation to avoid excessive plastic deformation during the interface during the necessary bond formation process. Fiber orientation is fundamental during the fabrication process because its isotropic properties concerning welding access are also considered. Hence, keeping all the parameters into count, in this way, it would obtain the final product, which is welded workpieces of Aluminum by using ultrasonic welding. However, this is applicable for some cases of Aluminum thicknesses, which will range up to less than or equal to 1 mm, because if we try to operate the system with a harder workpiece with similar thickness as in a pure Aluminum case, then it will eventually fail to complete the process of welding, or may damage the ultrasonic welding machine in some cases, especially the tip (Ma et al., 2020). Table 3 is shown in the ultrasonic vibration time(s) v/s shear strength (MPa).



TABLE 3. Ultrasonic vibration time (s) v/s shear strength (MPa).
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We know that Aluminum is a high corrosion resistive metal; because of alumina’s presence, which has a higher melting temperature than that of pure Aluminum, and we reinforce Aluminum because it increases the strength of the Aluminum matrix so that we can use it in different fields where we need to replace the traditional methods, which are still in use and are a significant cause of depletion of valuable metal, which can be easily replaced by Aluminum and also pointing out toward the abundance of Aluminum present in earth’s crust (Bodunrin et al., 2015).

The mixing of Aluminum and silicon takes place using stir casting, which will give us an Aluminum with the particulate reinforcements with an appropriate and homogenously dispersed mixture of the composites inside the metal matrix (Khmelev et al., 2016; Sarraf and Akrawi, 2016; Gao et al., 2018). We have to see the ultrasonic welding process’s effect when we take the stronger and an Aluminum matrix, having mixed with silicon. The ultrasonic welding process will have to take place with a workpiece that has a thickness of near about 1 mm or less than 1 mm (thickness depends and varies from metal to metal or the plastic or any other material if used, as ultrasonic welding also works for dissimilar metals) in case of Aluminum MMC, to avoid failure of the welding process. If there is any failure reported, the reasons can be due to the process parameters implemented. Furthermore, Aluminum with reinforced composites is now much stronger than the local or pure Aluminum and consists of silicon carbide added, which increases its tensile strength. Molybdenum is also added in some cases to avoid a compromised ductility in the metal (Tsujino et al., 2002; Yang and Li, 2007; Siddiq and Ghassemieh, 2010; Salih et al., 2015).

Ceramic Matrix Composites, where ceramic is the matrix where reinforcements can take place. Metal Matrix Composites, where metal is the matrix phase, which would be reinforced. Aluminum metal matrix composites (AMMCs), where the metal matrix is Aluminum, and the particulate reinforcements were containing mostly ceramics. For example, Titanium borate, silicon carbide, boron carbide, etc. When it comes to getting a result in the ultrasonic welding process, we have to be very careful about some factors involved during this process, which may affect the process of ultrasonic welding positively and negatively (Neppiras, 1965; Benatar and Gutowski, 1989; Gunduz et al., 2005; Rabiei et al., 2008; Matsuoka and Imai, 2009; Sarkari Khorrami et al., 2015). Table 4 is shown the reinforcement composition in different types of Aluminum matrices.



TABLE 4. Reinforcement composition in different types of Aluminum matrices.
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The particulate reinforcements may have an effect contributing to the final results obtained. Table 4 in the ultrasonic welding process, there is a high frictional force generated by the sonotrode tip, due to the presence of dry friction, at the interface of welding of the two metals joining, which is tangential to the surface of the workpiece, is experiencing a rapid increase in temperature over its surface (Xu et al., 2005; Harichandran and Selvakumar, 2016; Chaubey et al., 2020; Madhukar et al., 2020). Furthermore, if the force is not sufficient during the operation, it may not transfer the ultrasonic oscillations that are supposed to generate the heat of fusion using the frictional motion of the sonotrode tip. The changes in the sheet’s weld interface on a microstructural scale after undergoing the welding will experience the excitation of particles which may lead to the fusion of the metals (Xu et al., 2005).

The particulate reinforced Aluminum matrix’s tribological character can be concluded according to the recent research works and the literature survey in section “Aluminum Matrix Reinforcement,” the stir casting process has obtained a clean surface with dispersed reinforcement particles within the matrix with no internal clustering of reinforced composite particles. Also, there is an increase in the hardness in the Aluminum matrix considerably. Along with this, internal intermetallic bonding should be avoided. The addition of molybdenum is one of the options available, which will substantially show increments in tensile strength and homogenous dispersion of the particles across the metal matrix (Sudha et al., 2013). The ductility of the Aluminum metal matrix may be compromised after the addition of composites, which are mostly ceramic particles, so the use of more rigid metal particles can be done to avert a situation of compromised ductility, which can also lead to failure of the component made using this metal matrix with the particulate reinforcements. Excessive SiC addition will also be a cause of failure of the Aluminum MMC, as it may compromise the ductility. The addition of silicon carbide in a limited amount (up to 10wt%) (Babalola et al., 2019) also ensures to reduce surface wear (Gopal et al., 2012; Sudha et al., 2013; Yuvaraj et al., 2015; Taherzadeh Mousavian et al., 2016; Lionetto et al., 2017, 2018; Babalola et al., 2019; Garg et al., 2019).

In this review, we have mainly focused on Aluminum’s MMC. Because we need strength in most of the fields, in which we have seen the involvement of Aluminum-based components in various industries. Expeditiously, we have focused on ultrasonic welding of Aluminum MMC and are commonly reinforced with silicon carbide, which is more prominently used (Bobić et al., 2009; Kala et al., 2014; Raju et al., 2015; Maurya et al., 2016). Tables 5–7 show infiltration pressure v/s thermal conductivity at different temperatures.



TABLE 5. Infiltration pressure v/s thermal conductivity (at 750°C) (Zhang et al., 2014).
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TABLE 6. Infiltration pressure v/s thermal conductivity (at 800°C) (Zhang et al., 2014).
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TABLE 7. Infiltration pressure v/s thermal conductivity (at 850°C) (Zhang et al., 2014).
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The diffusion rate in the Aluminum matrix is directly proportional to the infiltration temperatures and pressure, i.e., the diffusion rate will also increase alongside an increase in infiltration pressure and infiltration temperature. Further, this illustrates that there can be an optimum value of pressure where we can observe maximum thermal conductivity. While there is an increase reported in the infiltration temperature, this optimal pressure will decrease gradually (refer to Tables 5–7; Zhang et al., 2014).

The stir casting process starts with a preheating of the workpiece for an hour at 700°C (Venkatesh et al., 2019). The next step is to overheat for three-quarters of an hour, followed by the salts’ addition or what we call the reinforcement ingredients, including silicon carbide or titanium borate, etc. along with a significant amount of molybdenum. The next process is mechanical stirring and ultrasonic vibration, followed by removing the slag after the primary process is completed. Physical methods like chipping wire brush remove the unrequired or accidentally entered components in the matrix. This has the last step: bottom pour casting, which is done using ladles and pours stopper rod for efficient pouring. After completing all the procedures mentioned above, we will obtain a stir casting result of the Aluminum metal matrix. It can be further extruded out at first and then can be machined according to the requirements.

Factors that will affect our results in ultrasonic welding which will have an impact on the final product of welding:


(1)Design of joint is the most critical part of the discussion when we come across the ultrasonic welding on the resulting weld. The joint’s design will affect in many ways geometrically, depending on machining done on the surface, appearances, and capability of molding. The most common and best results obtained from Ultrasonic welding are in Lap joints (Leng et al., 2017). The Design For Manufacturing (DFM) review is always mandatory before the process starts and in such cases to avert such design-related issues, which can cause issues with the welding device as well as with the component with a complicated design being welded with that particular welding device, here ultrasonic welding device (Poli, 2001).

(2)The frequency ranges involved in the welding process may have an adverse effect during the process, which usually ranges from 15 to 40 kHz is the usual range for plastics, for metals it may extend up to 70 kHz. Welding strength increases with the welding time under any conditions, at 40 kHz the welding strength is smaller than that at 20 kHz (Kim et al., 2017). This is due to friction heat between the metal sheets at a point where the horn tip is concentrated, and Aluminum diffusion is facilitated better at 20 kHz than at 40 kHz. This parameter will determine the device equipment, which is perfect for use in any case. For example, delicate and small components or parts with very minute tolerance values will require high frequencies, which will help apply pressure at a point with more accuracy and the adverse effects of ultrasonic vibrations. Moreover, let us consider medium-sized or the more prominent components, low frequencies up to 15 kHz, where the process outcome, i.e., the weld quality is apt (Daoud, 2004; Yang, 2008; Elangovan et al., 2009; Yan et al., 2011).

(3)The type of material used is a factor that may have a significant effect on the final result. The strength of the metal sheet will have an impact on the resulting weld. The temperatures recorded during the Ultrasonic welding process at the weld interface should be less than that of the melting temperature reported for an Aluminum alloy (Siddiq and Ghassemieh, 2008). The thickness is also a significant factor here; when it considers Aluminum with reinforcements, that due to the presence of composites like silicon carbide, there might be an increase in tensile strength reported, so the customarily used Aluminum (pure or local quality) has a limit of 3 mm thickness which can be welded whereas, in case of Aluminum MMC optimum thickness is only 1 mm (Wang et al., 2016). Furthermore, when the reinforcement is taken into account for the metal matrix and the strength increase will surely pull down the limit of the workpiece’s thickness to be used to near about 1 mm or lower.

(4)The ultrasonic welding process parameters may also have a variation and influence the final welding. The setting-like amplitude is to be adjusted appropriately, as the amplitude increases the intermetallic thickness increases, and the trigger forces the time setting (Figure 6) and energy or distance-related settings. In particular, the limits have to be set in such a prescribed way or will give a significant result (Daoud, 2004). The amplitude setting is to control the vibrational amplitude. Time settings are the setting for or limiting the time for vibration during ultrasonic welding. The trigger force is to specify the appropriate amount of pressure to be applied over the workpiece during ultrasonic welding. The parameters are crucial because if incorrect or insufficient parameters are given into the input, this may cause an issue within the welding setup and may result in flaws in the resulting weld we will obtain (Sharma et al., 2019).
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FIGURE 6. Relation between welding time and welding pressure for various shearing forces.




(5)The horn used during the ultrasonic welding process is an essential part. During the process, it needs to be fabricated using a material having acoustic properties and high fatigue strength. The prerequisite properties of the horn material must be having longevity and durability. The use of Titanium is appropriate.



Zhu et al. (2011), performed this experiment for mechanical property analysis, the shear test method was selected for the final determination of failure around the welding point to assess the welding’s effectiveness and the weld’s bond strength and strength over the Aluminum alloy matrix. The sonotrode tip surface was not ideal and was a sand grinding surface. The possibilities that fewer or no atomic bonds within the welded region can be reported are high when there is very low weld strength or if the required welding time required for welding the workpiece was not sufficient. As per the graph in Figure 6, the welding joint’s strength seems to decrease after a specific time limit was reached (Zhu et al., 2011).

When it comes to results for the peel test, there are some points which are the conclusions concerning the graph (Figure 6), are as following:

The objective of welding an Aluminum MMC to any other metal is expected to be difficult, and weld strength can be decreased, if the sonotrode operation, i.e., the vibration energy applied will not be sufficient to obtain a strong weld.

Along with short welding time, there might be a possibility that there are residual oxides at the weld surface because the presence of oxides may hamper the weld strength of the joint. Particularly while welding, the gases may have entrapped during the high temperature of the weld pool. The lack of precaution may cause this issue to occur in the first place (Siddiq and Ghassemieh, 2008; Zhu et al., 2011; Sharma et al., 2019).



CONCLUSION

The production strategies most commonly used to make AMC are briefly described in this article. Mixing and powder metallurgy are most commonly used. Supportive design measures, such as extrusion, rolling, and production, are effectively updated to improve mechanical properties. Advances in recycling innovation for AMC are still an open area where some restrictive revisions should be possible for the times to come for a potential industrial boom (Tee et al., 1999; Mordyuk et al., 2014; Tony Thomas et al., 2014).

Aluminum MMC’s mechanical properties depend on the type of mesh, forces (simple, diverse, speed, size, flow in the frame), wettability, and response during the forming cycle. Mechanical and agricultural wastes are used as a reinforcing element in Aluminum MMC. Less work has been done on the improved nanomolecular compound, which requires additional testing of the formation cycle and updating the nanocomposites’ mechanical properties (Mavhungu et al., 2017; Garg et al., 2019; Singh et al., 2020).


•Some screening and simulation methods have been developed in such a way that they will predict the mechanical properties. The combination of several demonstration procedures predicts a reaction with greater accuracy and reliable quality than a particular technique.

•AMCs have been used effectively in space innovation, the aerospace industry, the automotive segment, electric and electronic fields, and other applications. It is also considered necessary to select an evaluation to examine AMC is used on a significant scale as it is effective (Yang et al., 2004; Rao and Padmanabhan, 2012; Patel et al., 2015; Ramanathan et al., 2019).

•The current challenge of removing alumina coating efficiently still exists as alumina (Al2O3) the passivation layer is difficult to surpass; this is a boon and a bane for the industries. Alumina helps Aluminum to be able to resist corrosion even in extreme environments if taken in ideal conditions (Agarwal et al., 2002; Raja and Raja, 2014; Garg et al., 2019). And alumina is a bane for a fundamental reason, as we know that alumina has a higher temperature than pure Aluminum. Alumina removal-related technology has been tested using ultrasonic cavitation or by addition of Sodium Hydroxide (Dimitescu et al., 2018; Mehrabian et al., 2018; Nayebi et al., 2018; Long et al., 2019; Park et al., 2019). But even if implemented, current industries can potentially face more cost in manufacturing Aluminum-based components and removing alumina. It would be primarily the cost of the machine, its power consumption and maintenance included, if we consider about the machine, we use is completely removing alumina coating, hypothetically for now (Griffiths and Turnbull, 1994). Research in this area is still required in terms of cost-cutting and Lean Six Sigma implementation studies can also be done to reduce wastage and increase working efficiency.

•Aluminum has a bright future in welding because of its density, the aviation industry is thriving, and the abundance of aluminum and aluminum with reinforcements will have a significant contribution to the replacement of some rare metals in many fields of research and many parts of the industry (Srinivasan and Senthil Kumaran, 2020; Srinivasan et al., 2020). In the coming future, the steel consumption-related indexes may vanquish, but the maximum abundance of aluminum under the crust of earth will help the world sustain itself in the future.

•Ultrasonic welding device requires an extensive amount of research for the horn and sonotrode tip, for thicker metal work pieces (i.e., sheets, plates, etc.) to be utilized and to create ease in future projects involving dissimilar metals or harder metals and eradicate the issues related to thickness. The aluminum reinforced metal matrix, if taken into consideration, would need very high research work over the lower frequencies, which will help generate a tremendous amount of friction force and allow the fusion of thicker metals.
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