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Nano silicon dioxide alloy-based Metal Matrix Composites (MMCs) and other high 
temperature ceramics-based Magnesium (Mg) metals are the subject of a lot of study 
nowadays. An in-depth examination of the data on structure, characteristics and 
known metal matrix connecting techniques has all the makings of being beneficial. The 
most notable attribute of Nano Silicon dioxide is its ability to generate a large number 
of auxiliary modifications without altering its component. The use of nano-sized atoms 
is a delayed result of better MMCs and matrix mix malleability. The current 
investigation includes the construction and testing of cutting-edge Nano-SiO2 cross 
variety particles with Mg Metal Matrix and lanthanum dioxide particles created by a 
ball preparation method. Powder mixtures including a constant weight fraction of SiO2 
and Mg metal matrix as uniaxial cold crushed assist components are often used. The 
green compacts are then ball handled in an electric smother warmer. Mechanical 
characteristics of the microstructure and composites, such as scaled down scale 
hardness, thickness and inflexibility, were considered. The microstructure was studied 
using X-Ray Diffraction (XRD) and Fourier Transform Infrared (FTIR). According to the 
findings, nano Silicon metal matrix particles improve mechanical qualities.  
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1. Introduction 
 

Metal Matrix Composite (MMCs) are used in a variety of applications, including Mechanical, 
Aerospace, contemporary and so on [1,2]. MMCs come in a variety of forms, the most common of 
which are aluminium compounds strengthened with clay particles. Miracle et al., and Trojanová et 
al., [3,4] found that these low-cost metal matrices have improved quality, solidity and wear 
resistance as well as a base upgrade in thickness over the base composite [5,6]. More noteworthy 
quality, reduced thickness, improved high temperature properties, managed warm expansion 
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coefficient, warm the board, upgraded and custom-made electrical execution, improved scraped 
spot along with wear resistance and improved damping capacities are some of the advantages of 
Aluminium Matrix Composites (AMCs) [7-9]. Low instigated radioactivity under atomic conditions, 
materials that are firm and light and vitality. Along with silicon, silicon carbide is the most common 
manmade carbon compound. It originated as a sand-carbon electro-concoction reaction at high 
temperatures. Silicon carbide is a superb grating material that has been used to generate a make 
granulating haggles rough things for over a century [10-12]. High mechanical characteristics are 
created by top-notch materials. It is employed in stubbornness, abrasives and few other top-end 
products [13,14]. Activated plasma ball milling composites nano-composite samples show 
supplemental adequacy without noticeable defects or groups of optical stage [15]. Using two 
directional ball milling microwaves, Wong and Gupta has [16] developed Mg composites with varying 
amount of nano sized Cu particles. Cermet is a composite material made up of metal (met) and clay 
(cer). Cermet is clearly created to have both an earthenware and a perfect property, such as 
increased temperature hardness and obstruction, as well as those of metals, which are comparable 
to plastics capacity to experience misshapenness [17]. Typically, metallic components such as 
molybdenum, cobalt and nickel are used [18]. Cermet may be a Metal Matrix Composite depending 
on the material’s physical structure; however, cermet is often less than 20% metal by volume. Also, 
the pottery particles range in size from 1 to 10 meters in diameter [19,20]. 

Earthenware manufacturing innovation is a rapidly evolving subject that has resulted in 
unanticipated material disclosures as well as new varieties of pottery [21]. Various materials have 
been lately being allocated to a variety of novel applications. Execution, hardness, sturdiness, 
consistency, high mechanical quality at high temperatures, low thickness, firmness, electrical 
protection and conductivity, optical conductivity, radiation resistance, warm protection and 
conductivity and so on are all improved by propelled clay innovation. Earthenware innovation has 
performed exceptionally well in areas such as aircraft and aviation applications, wear-resistant 
components, bio ceramics, cutting apparatuses, propelled optics, superconductivity, atomic reactors 
and so forth. The application could be arranged by basic pottery, electrical earthenware production, 
artistic coatings and clay composites [22,23]. As a significant class of materials, these materials are 
growing more popular and they should be improved to study new uses. 
 The text demonstrates that much effort was done to arrange and integrate various matrix 
composites. The investigation of metal oxide-fortified half breed matrix composites of change 
materials is extremely limited. The present study focuses on depicting and integrating a Nano-Mg 
metal matrix strengthened by Silicon dioxide particles and small-scale lanthanum and provided using 
ball milling forms. Fourier mechanical perspective and microstructure of the example are broken 
down and shown using FTIR, X-Ray Diffraction (XRD) and Raman Spectroscopes. 
 
2. Experimentation 
2.1 Ball Milling 
 

There are several types of mix tactics available. Ball milling is the subject of this investigation. A 
ball mill is a kind of processor that is used to crush and blend materials for applications such as paint, 
ceramics, firecrackers, laser ball millings and mineral dressing. It follows the norm of trimming down 
and influencing the reduction in size a ball drops from near the head of the shell. CSIR, Trivandrum, 
20 minutes at 250rpm, Stainless Steel/Ceramic Ball, Bowl, Zirconium/Ceramic Ball Milling with heat 
treatment was adopted because to its conservative ability to powder and stimulate as well as 
reliability. With high essentiality ball milling, we can blend any nanomaterial. Surface and interface 
corruption is a major source of concern. Contamination, a lengthy handling time, no control over 



Journal of Advanced Research in Applied Mechanics 
Volume 114, Issue 1 (2024) 173-181 

 

175 
 

atom shape, agglomerates and excessive strain in the set stage are only a few of the drawbacks of 
the high-essentiality ball milling method; 20-30 nm are predicted using this methodology.  
 A powder combination of lanthanum oxide and AZ91D (Mg Metal Matrix) was handled by a 
Fritsch “Pulverisette 5” planetary ball manufacturing line with argon air and a 250rpm insurgency 
with 30hrs of speed in a Ball Milling (BM) system. Balls of a diameter of 10mm are utilized, with a 
powder-to-ball weight ratio of 1:10. For preventing service infection welding of these powders at the 
hour of BM, we employed ethanol 1wt% as a technique regulating pro. The SUJ-2 chrome steel ball 
is used in BM because of its high strength and wear resistance. As a result, we can decrease 
debasement during ball collisions. Sacking and discharge of powders are done within an argon-filled 
glove box to prevent oxidation. For lanthanum oxide, a similar approach using lanthanum and AZ91D 
was used. The resultant powder is held at 450°C for an hour in the Muffle Furnace. After that, XRD, 
Raman and FTIR examinations are carried out. 
 

Table 1  
Element Composites of Mg composites 
Constituents Al Zn Mn Si Fe Cu Ni Mg Reinforce 

Material 
La2O3 

Weight 
Percentage 

9.1 0.52 0.26 0.03 0.001 0.014 0.001 Bal 0.5-2.5 

 
2.2 Blending 
 

The constituents are incorporated at a particular weight rate as picked in Table 1, which is 
encased in an impermeable chamber held unusual in a customized lathe course of action, taking into 
account eccentric insurgency of the chamber absolute blending occurs the absence of impacting 
rheological miracle of the powders. Blending is a process of thorough intermixing of different 
powders of the same proportions or different grades of the same powders, while mixing refers to the 
thorough intermixing of powders of more than one material. The materials were added at specific 
weight percentage into the V blender. The V blender is an airtight chamber that is connected to an 
electric motor through a shaft. Because the chamber rotates, thorough blending is assured without 
changing the qualities of the powders. To ensure perfect blending of powders inside the chamber, 
the chamber is allowed to turn left to right and right to left once an hour. 
 
2.3 Compaction 
 

In the compaction chamber, 150 grams of mixed powder are stacked. Mg, as the primary fixing, 
serves as the primary constraining material, holding the fixings together to form an exceptional billet 
after applying a weight of 2 kN/cm. The weight is applied step by step using a water-driven squeezing 
machine to achieve the example as shown in Figure 1. Five samples are put up in different weight 
percentage of fortified material (0.5, 1, 1.5, 2, 2.5) as determined by the powder metallurgy course. 
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Fig. 1. (a) Ball Milling Machine (b) Hydraulic Machine with Specimen (c) Muffle Furnace 

 
2.4 Sintering 
 

As illustrated in figure 1, the compressed billet is placed in a muffle furnace with programmed 
hand-off to maintain the temperature required for sintering the billet. Argon latent gases were 
allowed to flow through the muffle furnace office to prevent oxidation. To ensure better 
recrystallization of nuclear holding between the components of Mg Alloy, Silicon dioxide billet, the 
temperature is gradually increased to maintain a range of 450°C for roughly one hour. After killing 
the hand-off flexibly, the billet is allowed to cool within the heated chamber. With the help of a 
turntable device, the cooled example may be cleaned. A muffle furnace is a kiln or box-type oven 
which is front-loading, used for applications with high temperature such as ramping, soaking and 
sintering. For metallurgical applications, it produces up to 1800°C working temperatures. In roll-to-
roll manufacturing processes, wide, thin and long hollow tubes were used. In the systems 
temperature control no combustion is involved and can be used for annealing and sintering of the 
samples for application. 
 
3. Characterization Studies 
3.1 XRD 
 

X-Ray diffraction (XRD) investigations are being used to look into the stage and crystalline purity 
of blended metal combinations. The shimadzu apparatus as put to the X-Ray diffraction test (XRD – 
6000, Japan). Cu k radiation (=15406 Å) along with 45 kV accurate voltage and a distance of 40m 
assisted X-ray designs. 
 
3.2 Raman Spectrometer 
 

On a RFS 100 spectrometer, the Raman range was recorded using a diode-siphoned Nd: YAG laser 
discharging at 1064 nm and a fluid nitrogen-cooled Germanium seeker. The light emissions laser was 
centred on the instrument using a xy stage, a crystal slide and a mirror focus. The equipment was put 
on a level plane, in contrast to standard vertical inspection techniques and about 3 to 5ml of anodized 
AZ91D mixture was fitted in metal rings. The spectra were taken from 128 outputs with a laser 
intensity of 3.150 mW produced by non-centered laser pillars and an aim of 4 cm-1 of every 1000 to 
4000 cm-1. 
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3.3. FTIR Analysis 
 

Fourier change infrared (Bruker, Alpha T, Germany) was used to organise the trademark useful 
gathering in extract. This provides information about the particle’s generation from its ingestion 
range. A little amount of sample extract was combined with dry potassium bromide (KBr). In about 2 
minutes, the material was thoroughly mixed in a mortar and crushed to form a narrow KBr plate at a 
pressure of 6 bar. The diffuse reflectance embellishment’s example cup was then put on the circle. 
The IR range was calculated using 70 infrared spectrometers from Alpha T, Bruker, Germany. The 
example was tested about 4000-400 cm-1. The FTIR values were taken down. 
 
4. Result and Discussion 
4.1. XRD Analysis 
 

Nano Silicon Hybrid Matrix reinforced with a small scope, the XRD of Lanthanum particles, Mg 
Metal Matrix particles and Silicon particles created by the ball preparation method, as we as the XRD 
analysis of the materials are depicted in Figure 2. According to this research, fortress rate rises as 
composite thickness raises and wears block rises as well. The performance of the silicon metal 
composite is outstanding.  

 

 
Fig. 2. XRD Pattern of Lanthanum Oxide 

 
Preparing time has an influence on top power since it reduces the zenith force and assembles top 

enlargement. The atom’s XRD reveals that the force is consistently decreasing and that the apex is 
increasing, indicating that the crystallite size is shrinking and the cross-area strain is expanding due 
to the handling procedure. Furthermore, according to the diffraction (311) cross area planes, the 
path of action of Mg-Si composite is shown by its diffraction to at point 47.360. The duration of 
mechanical handling rises as the intensity of Mg-Si (311) top augmentations raises. Lanthanum has a 
wider ionic range than other elements. Its structure causes the jewel’s cross area to expand. The 
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cross-segment growth is trademarked because to the bigger ionic scope of La Va Ce and the massive 
amount of oxygen opportunities [24]. The opposite relationship between the cross-segment limit and 
the diffraction point. As a consequence of cross segment extension, we can witness an unambiguous 
shift in all tops toward the lower diffraction edge. This attribute declares that zenith movement is 
possible. Lanthanum doping may alter mean atomic scattering. The atomic range of the stimulated 
example may modify the atomic disseminating, as seen by the XRD. With atomic dispersing, the 
dopant’s atomic scope expands and its force rises. According to this study, the rate of stronghold 
rises as the composite thickness increases, as does the wears limitation. The performance of the 
silicon metal composite is outstanding. Lanthanum oxide XRD pattern is presented in Figure 2. The 
wide reflection at 2θ = 38.63 reveals the presence of nano reinforced characteristics in the alloy. 
 
4.2. Raman Spectrometer Analysis 
 

The anodized SiC of Raman Spectra amalgam in Silicon Dioxide (C4) Lanthanum oxide (C3) have a 
pinnacles range of 1000-2000 cm-1, as shown in Figure 3. These pinnacles refer to the 1000-2000 
pinnacles variety of various substance components accessible in the anodized AZ91D compound, 
which include Aluminium [25], Zinc, Manganese, Iron, Copper Nickel and Mg.  
 

 
Fig. 3. Anodized SiC Raman Spectra 

 
4.3 FTIR 
 

The FTIR technique as mentioned by Jamaludin et al.,[26] is used to get the absorption and 
emission of infrared spectrum and also the photoconduction of solids, liquids and gases. The FTIR 
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spectrum is captured between 500 to 4000cm-1 (Figure 4). The chloroform was used to dissolve the 
polymer and kept at the top of NaCl crystal for FTIR analysis; the chloroform was evaporated and the 
polymer film was analyzed in FTIR. Peaks at 1737 cm-1 corresponds to Carbonyl bunch bound to ester, 
2879 cm-1 stretch corresponds to Methyl gathering, 2850 cm-1 stretch corresponds to Alane C-H, 3200 
cm-1 stretch corresponds to Alkene C-H (Aliphatic) and 3824 cm-1 stretch corresponds to Carbonyl 
single bond stretch respectively. The peak corresponds to the C-O stretch of the ester group present 
in the highly ordered molecular chain and the adsorption band corresponds to the ester bonding are 
listed in Table 2. 

 

 
Fig. 4. Anodized AZ91D Alloy FTIR Spectra 

 
Table 2  
Anodized AZ91D Alloy FTIR Spectrum with Distinctive Peaks 
Distinctive Peaks 
Fz, cm-1 

Bond Group of Functions 

1737 O-C = O stretch Carbonyl group bound to ester 
2879 C = C stretch Methyl group 
2850 Sp3-CH stretch Alkane C-H 
3200 Sp2-CH stretch Alkene C-H (Aliphatic) 
3824 Sp2 C-O stretch Carbonyl single bond stretch 

 
5. Conclusion 
 

During the investigation, it was discovered that the Hybrid Mg Metal Matrix was strengthened 
with Lanthanum oxide and Silicon Dioxide particles, which were included via the ball manufacturing 
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procedure. XRD, Raman and FTIR investigations are used to analyze the depiction of silicon metal 
nano particles and lanthanum particles soaked in Mg matrix. The observed result reveals the close 
proximity of Mg metal with Nano Silicon dioxide and lanthanum particles as shown in XRD. From the 
evaluation using JCPDS records, the XRD design proves the Mg, Si and La toppers. Different practical 
groupings in Si nano composites may be recognised using Raman and FTIR. The growth of Si in MMCs 
accelerates the structure and characteristics of the composite material, according to a comparable 
investigation. From this investigation fortification rates increments with composite thickness and 
furthermore wear opposition increments. Silicon metal composite shows great outcomes. 
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