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Abstract. A crucial and costly step in the whole manufacturing process is 
the precision and super finishing procedure. A step of final finishing is 
involved in the production of precision components. It accounts for a 
respectable portion of the cost of production overall, is mostly uncontrolled, 
and requires a lot of manpower. Abrasive finish methods are being 
developed to address issues including high direct costs and the production 
of precision components with particular characteristics for finishing 
inaccessible places. A vast number of cutting blades with arbitrary 
orientation and shape are used in the abrasive finishing process. Due to their 
ability to complete a variety of form geometries with the appropriate 
dimensional accuracy and surface polish, abrasive fine procedures are often 
used. The unconventional finishing method known as AFM (abrasive flow 
machining) presses abrasive viscoelastic polymer on the surface of work 
piece. Al7075/SiC NMMCs' internal rounded and hollow surfaces are 
completed using an AFM trial procedure that is constructed and designed in 
conjunction with specially produced medium. Workpieces are created using 
a lathe shortly after stir casting metal matrix nano composites with cross 
sections of 25 mm in diameter and containing 1 percent,1 ,2,3,4 nano-Sic 
(50 nm) by weight. Extrusion pressure abrasive particle grain size number 
of cycles were evaluated for their surface roughness (Ra) than material 
removal (MR), respectively. The evaluation of the material's qualities, such 
as density, hardness, and tensile strength The improvement in the surface 
completeness of these NMMCs is further shown by the scanning 
Microscopy OM, EDS SEM, and XED analyses. 
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1. INTRODUCTION 

Metal matrix nano composites (MMNC’s) are generally desirable choice to conventional 
materials, because of their specific strength, creep resistance hardness and high wear 
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resistance. High wear resistance among all these MMNCs nano-SIC particles, reinforcement 
Using Archimedes' principle which offers a practical and accurate method for determining 
fabric steadiness, one may quantify the density of aluminium alloy and aluminium 
composites. By using the mixing rule of thumb, the experimental density of each sample was 
estimated in accordance with ASTM B962-thirteen [12]. The best and most affordable 
method for comparing the durability to various hardness tests is micro hardness testing [13]. 
According to ASTM E 384 specifications, the micro-hardness of aluminium composites is 
measured using Vickers' hardness testing apparatus with a weight of 120g and a measurement 
duration of 10s. The most often used method of comparing materials is the tensile test. With 
a load of 300KN and a 15-second time limit, the tensile check is determined in accordance 
with ASTM E-8 M-04 specifications [14]. The specimens had been manufactured with 10 
millimeter in diameter and 121 millimeter in gauge length. When using load, it becomes slow 

2. Material and Experimentation

 The MM Al7075/Sic nano composites used in this study progressively changed the weight 
percent of Sic with an In the current experiment the reinforcing material -SiC with a median 
particle size of 50 nm, metallic matrix is Al 7075. The chemical makeup of aluminium 7075 
and the characteristics of n-SiC are shown in Tables 1and2. Utilizing different weight 
percentages of reinforcement, the stir casting process was successfully used to create Al 
7075/SiC nano composites (0, 1, 2,3 and 4 percent). 

Table 1: chemical composition of Al7075: 

Aluminum 7075 Ti Si Mn Fe Cr Zn Cu Mg Al 

 % composition 0.035 0.49 0.04 0.21 0.2 5.6 1.49 2.2 Remain  

Table 2 Properties of n-Si: 

Element Melting 
tem(0C) 

Thermal 
conductivity 
(W/m K) 

Thermal 
Expansion 
(10-6/K) 

Density 
(g/cc) 

Elastic 
modulus 
(Gpa) 

Sic 1652 22 11 3.9 172 

2.1 Experimental Arrangement 
In this study, the internal cylindrical internal surface of Al 7075/SiC MMNCs is 
experimentally explored.TheAFM association's extraordinary design and hydraulic 
power are seen in Figure-1 This search of experimental equipment has been and 
developed particularly based on fundamental operating requirements involving several 
types of components as well as the basic overall performance of the approach [11]. The 
bottom and upper media cylinders with pistons, the hydraulic drive system, the helping 
body, the work piece fixture make up abrasive flow machining (AFM) association. The 
main purpose of the abrasive media drive cylinders is controlling the piston at a certain 
point of the up-and-down reciprocating action in order to extrude abrasive fluid media 
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and maintain the certain quantity of AFM media. Extrusion strain gauge, restriction 
switches, and a cycle timer are all part of the experimental setup. The work item is fixed 
between the two media cylinders together with its tooling  

Fig. 1 Experimental set up of AFM. 

2.2   Work specimen preparation 

The experiments had been achieved on 5 dissimilar weight fractions like 0, 1, 2, 3 and 4% 
respectively n-SiC elements through with Al7075 alloy. Then casted product had been faced 
and drilled, rebore through lathe machine and in the end finished samples through AFM 
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the length of the abrasive particles grain size and number  of cycles are taken into 
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stress, abrasive parties mesh length, and cycles—are included for speculative 
analysis widest range AFM parameters, including extrusion stress, certain cycles are 
employed through experimental assessment, thana variety of various conditions, 
including media quantity, quantity with respect to drift rate, stroke length, 

3. Results with Discussion

The abrasive mesh length technique, the range of cycles, and the abrasive go with 
the drift machining (AFM) technique are identified by the gift studies initiative as 
having a significant impact on the high-satisfactory traits of cloth removal (MR), 
alternate in floor roughness (Ra), and range of cycles. The effects of the extra 
reinforcement fragments at the matrix were recognized. EDS, OM, SEM, XRD, 
analysis had been done. 

3.1 elemental components' initial microstructure 

Aluminum alloys have recently been studied as a weight-saving strategy and are 
widely used in engineering structures and aircraft engines. They are also easily 
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Using Archimedes' principle which offers a practical and accurate method for determining
fabric steadiness, one may quantify the density of aluminium alloy and aluminium
composites. By using the mixing rule of thumb, the experimental density of each sample was
estimated in accordance with ASTM B962-thirteen [12]. The best and most affordable 
method for comparing the durability to various hardness tests is micro hardness testing [13].
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percent of Sic with an In the current experiment the reinforcing material -SiC with a median
particle size of 50 nm, metallic matrix is Al 7075. The chemical makeup of aluminium 7075
and the characteristics of n-SiC are shown in Tables 1and2. Utilizing different weight
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experimentally explored.TheAFM association's extraordinary design and hydraulic 
power are seen in Figure-1 This search of experimental equipment has been and 
developed particularly based on fundamental operating requirements involving several
types of components as well as the basic overall performance of the approach [11]. The
bottom and upper media cylinders with pistons, the hydraulic drive system, the helping 
body, the work piece fixture make up abrasive flow machining (AFM) association. The
main purpose of the abrasive media drive cylinders is controlling the piston at a certain
point of the up-and-down reciprocating action in order to extrude abrasive fluid media
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recyclable. As shown in Fig. 2, the Al 7075 alloy used in the previous experiments 
is chosen as the matrix, and n-SiC is selected as the reinforcing element. 

 

Fig.2 Original microstructure  (a) AL7075 alloy and (b) N-SiC particles 

3.2 Effect of strengthening particles  

The optical microscope (OM) is used to examine the effects of reinforcing debris on the Al 
matrix using unlike weight  (0, 1, 2, 3, and 4 weight % respectively). This is shown in Fig. 3. 
As shown in Fig. 3a, the aluminium matrix has a larger grain structure, and fractures are 
identified as a result of the material's poor stiffness and extensive mass. However, as seen in 
Fig.3 pits are diminished when compared to base alloy due to the presence of reinforcing 
debris (b-d). Fig. 3e illustrates the further addition of reinforcing debris ( 3wt%), the 
reduction of aluminium grain shape, and the filling of pores with nano-SiC debris [15]. 
Therefore, it is evident from Fig. 3(b-e) that the microstructure has a propensity to be fragile, 
and fractures are reduced as a result of the increase in silica concentration relative to medium 
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Fig.3 Microscope images of different position 

3.3  Mechanical Properties 

The function of a material is its density, which is defined as the ratio of mass to volume. The 
Archimedes principle is used to conduct the experimental density in accordance with ASTM 
B962-thirteen standards for all compositions. Because the weight percentage of reinforcing 
debris will rise has a propensity to significantly raise the density of a fabric, Rajesh Hima 
Gireesh et al[16] .'s study of the density of Al6061  reinforced with Si  particulates. As a 
result, the use of nanoparticles as strengthening reveals considerable development due to 
decreased particle cracking when compared to earlier studies. As seen in Table 3, increasing 
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material with 1, 2, 3, and 4 %n-Si composites demonstrated superior experimental density 
compared to base alloy, and are shown in Table 3. A Shimadzu micro-hardness tester is used 
to measure the microhardness of each specimen. Every design is measured three times in 
unique locations, and the average results are reported in Table 3. Due to the presence of 
reinforcing debris, the hardness is higher than the matrix. A similar approach that advanced 
hardness is measured is by growing SiC debris, as mentioned by Dhaneswara et al. [17]. The 
improvement in bigger matrix contacts and the additional four percent nano-SiC debris 
increased by 91Mpa, however, are responsible for the improved hardness. Table 3 shows the 
tensile behaviour of aluminium specimens and aluminium composites using an automated 
UTM testing device. Two samples were tested for each component, and common results were 
taken into consideration. The specimen of Al7075alloy has a tensile strength of 220 MPa. 
Tensile strength will rise to 232 MPa with the addition of 1 weight percent (nano-SiC 
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debris) to 7075 alloy. According to Mazahery and Shabani [18], an increase in the weight 
% of nano-silica carbide debris is the reason for the increase in tensile and elastic modulus. 
As far as the yield point, there is no substitute for tensile and compressive electricity. 
However, tensile electricity is increased by up to 236 MPa when 3 percent (RHA-Fly ash) is 
added to 7075 alloys. The addition of more reinforcing content material to electricity. With 
the addition of 4% and 7075alloys up to 251 MPa, the tensile energy is greatly doubled, and 
this is shown in Table 3. The presence of too many silica carbide nanoparticles is thought to 
be the cause of the increased electricity. As a result, the inclusion of reinforcement debris 
tends to increase mechanical homes as well as the cloth electricity that is suitable for the 
vehicle sectors. 

Table 3. Properties - investigated materials : 

 
Metals 

Experimental  
Density 

%Elongation 
in GL of 
60MM 

Tensile 
strength 
(Mpa) 

Yield 
strength 
(Mpa) 

Micro 
Hardness 

Al 7075alloy 2.68 2.50% 221 97 62 

7075/1%SiC 
NMMC 

2.67 2.203% 233 127 74 

7075/2%SiC 
NMMC 

2.70 2.20% 240 134 80 

7075/3%SiC 
NMMC 

2.74 2.12% 245 142 84 

7075/4%SiC 
NMMC 

2.76 2.09% 252 149 92 

 

3.4 Effect of Extrusion Pressure  

The pressure is increased within extrusion cylinder, where it extrudes through the surface of 
the work piece to cause machining by virtue of the abrasive action that functions as a flowing 
tool. Through the use of several different weight fractions, two performances—one 
measuring cloth removal and the other measuring floor roughness are compared. Extrusion 
strain significantly affects cloth removal and floor roughness in Al composite, as exposed in 
Fig.4(a-b). Through the use of Jain etalmethods,'s similar findings have been made [19]. As 
the amount of reinforcing debris increases, the cloth removal speeds up in aluminium 
composites, as seen in Fig. 4a. But as soon as the extrusion force is applied, the floor cloth's 
height is easily reduced, which leads to more cloth removal. The floor roughness of the 
aluminium matrix is advanced as a result of expanding nano-SiC debris, as seen in Fig. 4b.  
addition, compared to  aluminium alloy, the n- particles are harder and exhibit excessive 
density. 
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Fig. 4 Différence of (a) MR vs Psl, (b) Change in (mu) vs (Psl) of AI with diffèrent % of weight 

  

Fig: 5 surface roughness vs No of cycle and b) MRR VS Mesh size  
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As far as the yield point, there is no substitute for tensile and compressive electricity. 
However, tensile electricity is increased by up to 236 MPa when 3 percent (RHA-Fly ash) is 
added to 7075 alloys. The addition of more reinforcing content material to electricity. With 
the addition of 4% and 7075alloys up to 251 MPa, the tensile energy is greatly doubled, and 
this is shown in Table 3. The presence of too many silica carbide nanoparticles is thought to 
be the cause of the increased electricity. As a result, the inclusion of reinforcement debris 
tends to increase mechanical homes as well as the cloth electricity that is suitable for the 
vehicle sectors. 
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The pressure is increased within extrusion cylinder, where it extrudes through the surface of 
the work piece to cause machining by virtue of the abrasive action that functions as a flowing 
tool. Through the use of several different weight fractions, two performances—one 
measuring cloth removal and the other measuring floor roughness are compared. Extrusion 
strain significantly affects cloth removal and floor roughness in Al composite, as exposed in 
Fig.4(a-b). Through the use of Jain etalmethods,'s similar findings have been made [19]. As 
the amount of reinforcing debris increases, the cloth removal speeds up in aluminium 
composites, as seen in Fig. 4a. But as soon as the extrusion force is applied, the floor cloth's 
height is easily reduced, which leads to more cloth removal. The floor roughness of the 
aluminium matrix is advanced as a result of expanding nano-SiC debris, as seen in Fig. 4b.  
addition, compared to  aluminium alloy, the n- particles are harder and exhibit excessive 
density. 
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  3.5 Effect of Number of Cycles  

As shown in Fig. 5, the effect of certain cycles on both cloth removal and floor roughness is 
displayed. From Fig. 5a, it can be seen that during the first stages, the amount of material 
removal decreases during the first few cycles and then speeds up with the addition of more 
nano-SiC debris. According to Sadiq and Shunmugam [20], completing more cycles (50 to 
80) tends to reduce floor roughness and cloth removal. Therefore, inside the gift, a probable 
version of some cycles is selected from among the 10-forty cycles. Due to its high porosity 
stage, as is seen in Fig. 5b, the aluminium alloy exhibits minimal floor roughness. According 
to Singh et al. [21], the first few cycles may have relatively little floor roughness. Because of 
the interfacial interaction between the MMC and tough reinforcement debris, which is a 
significant phenomenon in raising the cloth fee and floor roughness in a cycle-like fashion, 
the addition of 4% reinforcement debris has the impact of increasing floor roughness. 

3.6 Effect of the Size of the Abrasive Mesh 

Surface roughness and material removal (MR) are essential requirements to improve the 
provider life and overall performance of gadget additives. Abrasive grain mesh length has a 
significant impact on the prediction of smoother surfaces.The growth of the associated boom 
of nano-SiC debris is being caused by the cloth removal (MR) of aluminium, as seen in Fig. 
6a. According to Fang et al[22] .'s research, smaller abrasive grain lengths provide better 
floor textures whereas bigger abrasive grain lengths result in increased cloth removal. It can 
be shown in Fig. 6b that adding Wt. percent floor roughness slightly increases. With the 
addition of 4wt percent, the growth of floor roughness increased dramatically and tended to 
increase fabric strength. As a result, there is a rise in MR and surface roughness as a result of 
more abrasive debris being used in the m process and continuing to remove sparkling. Mali 
and Manna [23] have also noted that although tiny abrasive grain sizes may yield smoother 
surfaces than huge abrasive sizes, the sprucing time required by big abrasive sizes is likely 
to be much greater. Because increasing the load percentage of reinforcement debris has a 
tendency to increase boom cloth removal cost and floor roughness, the inclusion of 4% n-
SiC debris reinforced with AI 7075 alloy predicts greater overall concert in all metrics. 

  

Fig. 6 Différences with (a) MR vs grain size, (b) Surface Roughness vs grain size of AI under 
different % Wight of composition 
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4. Analysis of Microstructure 

To detect unique levels in both aluminium alloy and composites, the floor is assessed using 
various parametric scenarios. All are cleaned acetone solution before being sized in the 
scanning electron microscope (SEM), and they are then allowed to dry in the air. The 
microstructure variants for composites made of aluminium and the AI 7075 alloy are shown 
in Fig. 7(a-e). Figure 7a depicts a "nugget zone" 3 mm from the AFM on the Al 7075, 
showing pores , fissures at the location. 

 

Fig. 7 images of Microstructure with different stages 

Low wettability and porosity make cloth floors unique in this regard. Fig. 7b provides early 
evidence that the addition of 1% nano-SiC debris has a convalescing impact on the aluminium 
grains during the solidification process. However, the nano-SiC particle exhibits strong 
absorption resistance and excessive thermal conductivity [24]. Lowering crack initiation and 
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(Fig. 7c). Additionally, increasing the density of the boom as well as the nano-SiC debris 
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[25]. As seen in Fig. 7e, the addition of (four weight percent) reinforcing debris, however, 
shows much smaller size than the base steel. As a result, reinforcing debris is stuffed into all 

  3.5 Effect of Number of Cycles  

As shown in Fig. 5, the effect of certain cycles on both cloth removal and floor roughness is 
displayed. From Fig. 5a, it can be seen that during the first stages, the amount of material 
removal decreases during the first few cycles and then speeds up with the addition of more 
nano-SiC debris. According to Sadiq and Shunmugam [20], completing more cycles (50 to 
80) tends to reduce floor roughness and cloth removal. Therefore, inside the gift, a probable 
version of some cycles is selected from among the 10-forty cycles. Due to its high porosity 
stage, as is seen in Fig. 5b, the aluminium alloy exhibits minimal floor roughness. According 
to Singh et al. [21], the first few cycles may have relatively little floor roughness. Because of 
the interfacial interaction between the MMC and tough reinforcement debris, which is a 
significant phenomenon in raising the cloth fee and floor roughness in a cycle-like fashion, 
the addition of 4% reinforcement debris has the impact of increasing floor roughness. 

3.6 Effect of the Size of the Abrasive Mesh 

Surface roughness and material removal (MR) are essential requirements to improve the 
provider life and overall performance of gadget additives. Abrasive grain mesh length has a 
significant impact on the prediction of smoother surfaces.The growth of the associated boom 
of nano-SiC debris is being caused by the cloth removal (MR) of aluminium, as seen in Fig. 
6a. According to Fang et al[22] .'s research, smaller abrasive grain lengths provide better 
floor textures whereas bigger abrasive grain lengths result in increased cloth removal. It can 
be shown in Fig. 6b that adding Wt. percent floor roughness slightly increases. With the 
addition of 4wt percent, the growth of floor roughness increased dramatically and tended to 
increase fabric strength. As a result, there is a rise in MR and surface roughness as a result of 
more abrasive debris being used in the m process and continuing to remove sparkling. Mali 
and Manna [23] have also noted that although tiny abrasive grain sizes may yield smoother 
surfaces than huge abrasive sizes, the sprucing time required by big abrasive sizes is likely 
to be much greater. Because increasing the load percentage of reinforcement debris has a 
tendency to increase boom cloth removal cost and floor roughness, the inclusion of 4% n-
SiC debris reinforced with AI 7075 alloy predicts greater overall concert in all metrics. 

  

Fig. 6 Différences with (a) MR vs grain size, (b) Surface Roughness vs grain size of AI under 
different % Wight of composition 

su
rfa

ce
 ro

ug
hn

es
s

No of cycle 

surface roughness vsNo of cycle

0

20

40

60

80

100

120

140

160

180

0 100 200 300 400

M
R

R

Mesh size

mrr vs mesh size 

SIC4%

SIC3%

SIC2%

SIC1%

AL7075

9

E3S Web of Conferences 391, 01024 (2023) https://doi.org/10.1051/e3sconf/202339101024
ICMED-ICMPC 2023



pores and fissures. Therefore, it has been determined from the microstructure study that Al 
7075/4 percent Si composite is a better choice for the business and automotive sectors. 

4.1 Evaluation of EDXS: 

X-ray spectrograph is an analytical technique that is starting to be recognised as a key tool 
for characterising and evaluating chemical components in outstanding substances. The EDS 
spectra of Al 7075 alloy and 7075/Nano-SiC composites is shown in Fig. 8(a-e). Al and Mg 
are seen in Fig. 8a as the best peaks in the aluminium 7075 alloy's EDXS spectrum. 

 
Fig. 8 EDXS Analysis different positions 

via Fig. The EDXS of AI7075/Nan-SiC composite exhibit Si ,Al, , Mg ,C, and O peaks, 
respectively, according to figures 8(b-e). As a result, the major causes of poor wettability, 
which reduces textile strength, are aluminium and magnesium peaks in aluminium alloy. 
While the collapse of Al peaks and boom Si peaks might also be brought on by the addition 
of reinforcing debris. Because there are too many nanoparticles present, silica content 
material is a key component in four percent composite, as shown in Fig. 8e. The presence of 
carbon shows that natural molecules from SiC, as reported by Zhang et al. [26], precipitated. 
It therefore validates the existence of reinforcement debris. 

4.2 XRD assessment 

A quick way for identifying each segment within the cloth is X-ray diffraction (XRD). The 
assessment of Al 7075.7075/Nano-Si composites by X-ray diffraction is shown in Figure 9(a-
e). As seen in Fig., the Al segment appears as a prime segment on one side of the matrix and 
is identified at 2= 41°, 45°, 67°, and 80°. 9a. 
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Fig. 9X-ray diffraction of different position: 

A universal JCPDS card number of 89-4017 [27] coincides with the experience values, 
nevertheless. Figure 9X-ray diffraction of aluminium composites material exhibits coexisting 
low levels at 2=30°, 46°, 63°, and 81° and new peaks at 2=40°, 66°, and 89° for 
Al7075/1percent. Due to the presence of nano-SiC debris, Al7075 with a 2 percent nano-SiC 
content and Al7075 with a 3 percent n-SiC content (JCPDS card no: 83-1759). The XRD 
profile reveals that more reinforcing debris addition (above 3 percent) results in excessive 
reflections. The presence of an excessive amount of silica carbide, as seen in Fig. 9d, causes 
the Al segment to be noticeably decreased concurrently with the addition of 4%. As a result, 
the addition of n-SiC debris increases levels of aluminium cloth, which is mostly used in the 
auto industry. 

5. Conclusion  

The goal of the current research is to increase the material strength of aluminium composite 
material using the Abrasive Flow Machining technique, which lowers material costs and 
benefits the environment. An abrasive viscoelastic polymer is squeezed across a workpiece's 
floor area using the AFM, a non-traditional finishing technique. The present research has led 
to the following results about Al7075 composite and 7075/n- Si composites. The properties 
of 7075 alloy were improved by the accumulation of nano-SiC debris. Due to presence of 
reinforcing debris, the composites' density increased. Due to the fineness of the reinforcing 
debris and suitable wettability, the addition of 4% aluminium composite exhibits superior 
hardness. Similarly, with an addition of 4% to AI7075 compared to matrix, the tensile energy 
is also increased by as much as 96Mpa. The abrasive waft machining arrangement works 
well with built-in support for variations in system parameters to make parametric testing for 
system evaluation easier. In order to determine fabric removal and floor roughness, it is 
necessary to consider the effects of extrusion strain, abrasive mesh length, and certain cycles. 
The most significant factors that have an impact on fabric elimination and floor roughness 
values among them are extrusion strain and certain cycles. While the length of the abrasive 
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pores and fissures. Therefore, it has been determined from the microstructure study that Al 
7075/4 percent Si composite is a better choice for the business and automotive sectors. 

4.1 Evaluation of EDXS: 

X-ray spectrograph is an analytical technique that is starting to be recognised as a key tool 
for characterising and evaluating chemical components in outstanding substances. The EDS 
spectra of Al 7075 alloy and 7075/Nano-SiC composites is shown in Fig. 8(a-e). Al and Mg 
are seen in Fig. 8a as the best peaks in the aluminium 7075 alloy's EDXS spectrum. 

 
Fig. 8 EDXS Analysis different positions 

via Fig. The EDXS of AI7075/Nan-SiC composite exhibit Si ,Al, , Mg ,C, and O peaks, 
respectively, according to figures 8(b-e). As a result, the major causes of poor wettability, 
which reduces textile strength, are aluminium and magnesium peaks in aluminium alloy. 
While the collapse of Al peaks and boom Si peaks might also be brought on by the addition 
of reinforcing debris. Because there are too many nanoparticles present, silica content 
material is a key component in four percent composite, as shown in Fig. 8e. The presence of 
carbon shows that natural molecules from SiC, as reported by Zhang et al. [26], precipitated. 
It therefore validates the existence of reinforcement debris. 

4.2 XRD assessment 

A quick way for identifying each segment within the cloth is X-ray diffraction (XRD). The 
assessment of Al 7075.7075/Nano-Si composites by X-ray diffraction is shown in Figure 9(a-
e). As seen in Fig., the Al segment appears as a prime segment on one side of the matrix and 
is identified at 2= 41°, 45°, 67°, and 80°. 9a. 
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mesh has a moderate impact on the fabric elimination values. However, the fracture floor is 
lower and reinforcing debris is present in the pores. The simple floor is calculated together 
with the inclusion of 4% reinforcing debris. The inclusion of nanoparticles with a low Al 
segment and a high Si height, as assessed by XRD and EDS analysis, strongly confirms the 
presence of reinforcing debris and also brings 
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