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Nanomaterials are a relatively new substance, yet they are noticeable because to their small size, 

surface impact, and quantum penetrating influence, as well as their potential uses in coatings, 

clinical devices, electronic devices, conventional materials, and other industries. This article 

discusses how the selection, synthesis, size, and limit structures of nanoparticles affect the 

mechanical characteristics of nanomaterials. Because there are so many available nanomaterials 

and portrayal techniques, the field of nanomaterial portrayal is broad and complex. A 

comprehension of the morphology, spectra, warm, and mechanical properties are constantly 

expected to apply materials appropriately. Mechanical properties of nanomaterials are critical in 

applications like electronic gadgets, sensors, composites, and so forth. Nanocomposites track down 

various applications in industry as well as in research, where mechanical strength is an undeniably 

vital property. The current part broadly manages mechanical property examination of various 

nanomaterials properties and it's experimental analysis with certain parameters to depict the future 

aspect.  
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1. Introduction 

A material that has at least one aspect in a three-layered space or whose structure has been 

reduced to the nanoscale (1–100 nm) is referred to as a nanomaterial [1][20]. Nanostructured 

materials and nanostructured components are the two general categories into which 

nanomaterials can be divided. Its fundamental features in nanostructured materials are 

nanoscale [13]. One fundamental component in nanostructured components must have at least 

one exterior aspect that falls inside the nanoscale range [2, 3]. Comparing nanomaterials to 

conventional materials reveals some intriguing features. For example, the 28-day estimated 

pack and flexural strength of concrete mortar containing nano-SiO2 or nano-Fe2O3 are higher 

than those of the clear gathering [2][16][17]. The flexural strength of nano-Al2O3 ceramics is 
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higher than that of microscale solid alumina pottery. [3] (Figure 1). 

The mechanical characteristics of materials under varied external stresses and situations are 

referenced by their mechanical properties. distinct materials exhibit distinct mechanical 

characteristics [18]. The mechanical qualities of metals, in comparison to conventional 

materials, are often divided into eleven categories: yield pressure, unbending nature, 

flexibility, pliancy, hardness, sturdiness, exhaustion strength, versatility, and flexibility [26]. 

The majority of non-metallic inorganic in organic materials are weak and lack characteristics 

like pliancy, strength, versatility, and flexibility. Furthermore, some natural materials are 

flexible and lack characteristics like brittleness and inflexibility [22][24][28]. 

 

Figure 1. Some instances of nanomaterials 

Because of the volume, surface area, and quantum effects of nanoparticles, nanomaterials offer 

excellent mechanical properties. The addition of nanoparticles to a conventional material can 

further increase the grain limit and improve the mechanical characteristics of the material by 

refining the grain to a certain extent and forming an intragranular structure or an intergranular 

structure [4][19]. For example, cement's compressive strength, bowing strength, and 

separating rigidity can all be improved by adding 3 weight percent nano-SiO2 to the material 

[3]. Kenaf epoxy composites can greatly benefit from the addition of 3% nano oil palm void 

natural product string filler to improve their stiffness, stretching at break, and effect strength. 

[5][8][10]. 

Given that nanoparticles possess exceptional mechanical qualities and unique qualities not 

present in readily apparent materials, they hold significant potential for future applications. 

Either way, more research on nanomaterials needs to be done. In order to identify potential 

design applications and contemporary production-friendly features, we genuinely want to 

determine the mechanical properties of various nanomaterials. 

1.1 Key Highlights 

This research work brings an effective study analysis on nanomaterials in which following are 

the objectives;  
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• To examine and order different sorts of nanomaterials (e.g., nanoparticles, nanotubes, 

nanocomposites) with an emphasis on their primary properties utilizing progressed 

microscopy and spectroscopy procedures. 

• To tentatively decide how various kinds of nanomaterials impact mechanical 

properties (e.g., strength, solidness, durability) of materials (metals, polymers, pottery) 

through methodical mechanical testing (elastic, pressure, influence) 

• To clarify the hidden components answerable for the noticed upgrades in mechanical 

properties due to nanomaterial consolidation, for example, grain refinement, disengagement 

cooperation, interface holding, and imperfection concealment. 

• To propose strategies for optimizing the synthesis, processing, and integration of 

nanomaterials into functional materials for specific engineering applications based on the 

identified mechanical property enhancements. 

 

2. Related Works 

In view of the general interest in the topic and the requirement to present a thorough and 

current analysis for upcoming research, Kishore et al. (2023) [6][22]. emphasized the main 

technological problems with nanomaterial-or modified GPC during the past ten years. This 

review study has addressed the most recent data and information available on geopolymer 

concrete, including mechanical properties, dispersion techniques, characterisation approaches, 

and nanoparticle interface mechanisms. Simultaneously, an extensive analysis is conducted on 

the constraints and primary problems related to the use of nanomaterials in practice to alter 

GPC. The prospects for this field of study are finally discussed, along with some challenges. 

Tang et al. (2023) [7] studying the effects of adding reinforcing NP on the hardness of 

aluminium-based composites is done using the molecular dynamics (MD) simulation. The 

initial simulation stage computes and reports the temperature, potential energy, and 

equilibration of the specified structures. Regarding this, the Lennard-Jones potential function 

parameters for the oxygen and aluminum particles in the MD simulation. The hardness of the 

pure nanocomposite (NC) was equivalent to 100 HV, and the hardness of NC improved to 190 

HV upon the addition of NP with a mass ratio of 6%, according to the final results. The 

composition was in the solid phase at 300 K, according to the radial distribution function 

(RDF), demonstrating the correct balance of the simulated atomic systems. As the amount of 

reinforcement increased, the maximum value of RDF fell, according to the results. 

Ajaj et al. (2024) [23] overcome the limitations of polylactic acid, such as low thermal stability 

and inability to absorb gases, nanoparticles such as graphene are added to improve its 

properties. Chloroform was used as a solvent in the solution casting process to create thin films 

of the samples. Root mean square (RMS), Differential Scanning Calorimetry (DSC), X-ray 

diffraction (XRD), and the Tensile Test were used to examine the mechanical, thermal, and 

structural characteristics of polylactic acid pure and polylactic acid/graphene nanocomposites. 

The ability of the created nanocomposites to withstand ultraviolet (UV) radiation was also 

examined by subjecting the samples to UV radiation and then testing their tensile strength. 

Kareem et al. (2023) [9] presents the in‐situ chemical synthesis of silver nanoparticles 
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(AgNPs) with glycerol embedded in poly(vinyl alcohol) (PVA) to synthesize (PVA/AgNPs) 

polymer nanocomposites with different volume percentages of AgNPs (2, 4, and 6) %v/v. X‐

ray diffractometer shows the (200) plane of AgNPs, which appeared at 44.82° in PVA/(2, 4, 

and 6) %v/v AgNPs films. However, the (111), (220), and (311) planes at 2θ (37.55°, 65.08°, 

and 77.45°) respectively appeared in PVA with 6%v/v AgNPs only. Fourier transform infrared 

spectroscopy spectrum of AgNPs shows a C O C peak at 1273 cm−1 which is attributed to 

the stronger affinity of AgNPs on the C O C bonds in the PVA matrix.  

Ulusoy et al. (2023) [25] review not only covers basic shape definitions, shape characterization 

methods, and the effect of particle shape on industrial material properties, but also provides 

insight into the development of the most suitably shaped materials for specific applications or 

processes (from nanomaterials used in pharmaceuticals to proppant particles used in 

hydrocarbon production) by understanding the behavior of particles. 

 

3. Quintessential Methodologies 

The exploration techniques habitually utilized in contemplating the mechanical properties of 

nanoparticles will be momentarily presented as follows: 

3.1 Atomic Force Microscopy 

AFM is a strong method that can be utilized to get both high-goal pictures on numerous sorts 

of strong surfaces and the upward force as well as sidelong power between a sharp tip and the 

surface . The schematic outline of the fundamental working guideline of AFM is displayed in 

figure 1, remembering a cantilever with a sharp tip for its end, piezotube scanner, filtering and 

criticism frameworks, a four quadrant photoelectric indicator and the PC. Momentarily, the 

sharp tip look over the example and the avoidance of the cantilever is evaluated through a laser 

bar bounced off the posterior of the cantilever and got by the photoelectric identifier. In the 

event that a steady power is kept between the tip and test during filtering, the geographical 

picture of the example surface can be gotten by plotting the level of an example stage on the 

piezoscanner, which is constrained by an input framework. On the other hand, the cooperation 

force between the tip and test can be acquired with the cantilever's upward diversion utilizing 

the power versus-distance bends, momentarily called force bends, along with Hooke's 

regulation. These bends can give significant data on a portion of the significant properties of 

nanoparticles, like hardness, flexible modulus and the attachment among nanoparticle and 

substrate. The horizontal power is firmly connected with the torsional redirection of the 

cantilever; an exact worth can be gotten after cautious adjustment of the cantilever's torsional 

coefficient. More insights regarding the rudiments of AFM should be visible in [11]. 
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Figure 1. AFM working model 

3.2 PTV method 

PTV is a picture based velocimetry technique for estimating the speed field and following 

individual particles in fluidic frameworks. Fluorescent particles are typically utilized as tracers 

inside a characterized region where those particles are enlightened; then photos of these 

particles are taken. The movement directions of the particles can be reproduced by finding 

them in those photos and the speeds of the particles can be determined correspondingly. In 

view of these, profound understanding into a portion of the intricate and low-speed streams in 

a locale can be gained. It is a procedure that is marginally unique in relation to molecule picture 

velocimetry (PIV) where the particles' removals inside a portion of an picture are found the 

middle value of [27]. Right now, there are essentially two different PTV techniques, for 

example two-layered molecule following velocimetry (2D-PTV) [12] and three-layered 

molecule following velocimetry (3D-PTV). The characterized region is a meager light sheet 

for 2D-PTV while it is an enlightened volume for 3D-PTV, which is generally founded on a 

numerous camera-framework. 

3.3 Transition electron microscopy 

TEM could give pictures an essentially higher goal than a light magnifying instrument by 

involving electrons as 'light source' which have a much lower frequency. The fundamental rule 
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is that a light emission goes through a very slim example and, in the wake of associating with 

the molecules in the example, some unscattered electrons arrive at a fluorescent screen to 

frame a picture. The picture is displayed in differed haziness showing the material thickness 

in various pieces of the example. The picture is amplified and can be concentrated 

straightforwardly from the screen or on the other hand recorded with a camera for post-

investigation. In situ TEM offers the capacity of ongoing perception of the reactions of the 

microstructural development of nanostructures to outside dynamic boosts and their 

relationship with properties. Dynamic upgrades applied to the example analyzed in the 

magnifying lens during synchronous imaging incorporate mechanical, warm and electrical 

ones, and so forth (Figure 2). 

 

Figure 2. Instance of TEM analysis on nanomaterials 

3.4 MD technique 

Computational reenactments are typically considered as very helpful corresponding devices to 

trial concentrates on the mechanical properties of nanoparticles [14]. Among numerous 

various types of calculation strategies, MD reenactment is a significant viewpoint which could 

show the time advancement of the actual movements of connecting particles or atoms [15]. A 

calculation technique is based on measurable mechanics; factual group midpoints are 

ordinarily guessed to be equivalent to the time midpoints of the framework. For the most part, 

in MD reproduction, Newton's conditions of movement for the particles or particles in a 

framework are mathematically tackled to get their positions and speeds and at long last to 

portray the thermodynamic ways of behaving of the framework. The collaborations and 

possible energy between molecules or on the other hand particles are characterized by a sub-

atomic mechanics force field. 

 

 



                                                             Assessment of Nano Materials… Gaurav Tamrakar et al. 112  
 

Nanotechnology Perceptions Vol. 20 No. S4 (2024) 

4. Experimental evaluation of mechanical properties on nanomaterials 

The mechanical characteristics of nanoparticles refer to their behavior under diverse external 

loads and environments. An vast amount of literature has focused on nanoparticles' mechanical 

characteristics. Nevertheless, by including nanoparticles into the lattice—a partner rather than 

a material—these analyses primarily focus on manipulating the mechanical characteristics of 

nanomaterials. Not much research has been done on the mechanical characteristics of pure 

nanomaterials. The mechanical features of metal nanoparticles, such as their extreme 

elasticity, settlement strength, break durability, and Vickers hardness, are further detailed in 

Table 1. 

Table 1. Instances of metallic nanomaterials and it's mechanical properties 
Metal Nanomaterials Hardness 

(GPa) 

Toughness 

(Mpam) 

Strength 

(Mpa) 

Tensile 

strength 

(Mpa) 

Impact 

Strength 

(j/cm3) 

Monolithic Al2O3 17.6 3.9 571 112 10 

Al2O3/Cu(oxide) 16.7 5.6 872 145 8 

Al2O3/Cu(nitrate) 17 5 1002 160 11 

Al2O3/Ni-Co 18 4.8 1142 191 16 

AA6061/nano SiC 96.1 7 1220 206 12 

AA6061/nano B4C 68 8.2 1155 290 20 

AA6061/1.5SiC+1.5B4C 173.8 9 1300 321 23 

It's possible to observe that, in comparison to solid Al2O3, nanomaterials containing metal 

nanoparticles have greater fracture toughness and break strength. This anomaly should be 

explained by the nanoparticles' growth. Because the adhesion effect of metal particles limits 

the grain growth of the Al2O3 framework, the nanocomposite's grain size is less than that of 

solid Al2O3, which results in grain refinement and enhances the mechanical properties of the 

nanocomposite.  The hardness of nanocomposites containing nano-Cu is notably lower than 

that of solid Al2O3, whereas the hardness of nanocomposites containing nano-Ni-Co is higher 

than that of solid Al2O3. This is probably due to the fact that nano-Cu detracts slightly from 

the hardness of nanocomposites, as Cu has a lower hardness than Al2O3. Similar to Al2O3, 

nano-Ni-Co has a higher hardness than it does. The hardness of nanocomposites is enhanced 

to a certain degree by the expansion of nano-Ni-Co. Additionally, as can be seen from the last 

three informational arrangements in Table 1, the combined effects of SiC and B4C give 

mixture composites a higher Vickers hardness, greater influence strength, and extreme rigidity 

as compared to single-built composites. (Figure 4a,b,cd,e). 
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Figure 4. Nanomaterials vs a) Hardness, b)Toughness, c) Strength, d) Tensile Strength, 

e)Impact strength 

with non-metallic nanoparticles' mechanical characteristics. It is obvious that the mechanical 

characteristics of the nanocomposite will deteriorate when multi-walled carbon nanotubes 

grow to become skutterudites. This is a result of the skutterudites' internal growth of carbon 

nanotube agglomerates. The plane-like agglomerates function as infinitely slipping surfaces 

where fractures may easily propagate, leading to test breaks currently at modest mechanical 

loads [58]. Since most nanoparticles are flexible materials, it is indisputable that most natural 

nanomaterials lack mechanical attributes like compressive strength and hardness. 
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5. Conclusion 

Progressively high necessities of the surface and connection point properties of numerous 

mechanical frameworks request new plans and upgrades of surface changes and producing 

advances. Nanoparticles showing quite a large number one of a kind mechanical properties 

have become quite possibly of the most alluring decisions for addressing these necessities in 

the past several years. The previous parts audit fundamental physical science and later 

significant aftereffects of nanoparticles according to the viewpoints of their mechanical 

properties and interfacial communications, also as related applications. Accessible basic 

exploration information as to mechanical properties of nanoparticles give significant direction 

for their viable execution in surface designing, miniature/nanomanufacturing and 

nanofabrication and so on. A large number of these applications with nanoparticles have 

currently gained amazing headway practically speaking and displayed critical benefits in many 

fields. 
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