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Abstract: The formation of nanostructures through mechanical attrition has emerged as a pivotal technique in 

nanotechnology offering unique advantages in terms of simplicity, cost effectiveness and scalability. Over the years, the 

technique of high-energy milling has evolved, encompassing various forms such as ball milling, attritor milling, and 

planetary milling. The primary mechanism involves the repeated application of compressive and shear forces, resulting 

in fracturing and size reduction of materials. Higher milling energy and extended milling times can promote finer grain 

structures but may also lead to contamination and excessive cold welding. Recent research on nanostructured metallic 

materials has introduced promising methods for phase engineering at the nanoscale. However, contamination from 

milling media and the environment can adversely affect the purity and properties of the nanostructures.  
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I. INTRODUCTION 

The concept of mechanical attrition dates back to the mid-

20th century with the development of mechanical alloying 

by Benjamin in 1970 which was initially used to produce 

oxide dispersion-strengthened superalloys [1]. Over the 

years the technique has evolved encompassing various 

forms of high-energy milling processes such as ball 

milling, attritor milling and planetary milling each 

contributing to the refinement of the methodology and 

expansion of its applications. The field of nanotechnology 

has witnessed significant growth over the past few 

decades, primarily due to the unique properties exhibited 

by materials at the nanoscale [2]. These properties which 

include enhanced mechanical strength, chemical reactivity 

and electrical conductivity differ significantly from those 

of bulk materials making nanostructures highly desirable 

for various applications. Mechanical attrition [3] has 

emerged technique for the synthesis of nanostructures. 

This technique leverages mechanical energy to induce 

physical and chemical changes in materials resulting in the 

formation of nanostructured particles. Surface severe 

plastic deformation is achieved via mechanical attrition 

using the technique of surface mechanical attrition 

treatment (SMAT) [4]. A nanocrystalline surface was 

successfully generated on LCS using SMAT, with ball 

sizes varied from 4 mm to 8 mm [5]. The corrosion 

properties of 316L SS in ASW before and after SMAT 

were investigated by electrochemical methods, and the 

microstructures and surface morphologies of the as-

received and treated SS samples were determined [6]. 

II. MECHANISMS OF MECHANICAL 

ATTRITION 

High-Energy Ball Milling: High-energy ball milling [7] is 

a well-established method for producing nanostructures. 

The process involves repeated collisions between balls and 

the material, leading to fracturing, cold welding, and 

rewelding of powder particles. This continuous mechanical 

deformation refines the grain size to the nanometer scale. 

Grinding and Fracturing [8]: The primary mechanism 

involves the repeated application of compressive and 

shears forces, causing fracturing and size reduction. Cold 

Welding: Powder particles undergo cold welding, leading 

to the formation of larger particles, which are subsequently 

fractured again. Dynamic Balance: A dynamic balance 

between fracturing and welding is achieved, resulting in 

the formation of nanostructured materials. 

Severe Plastic Deformation: Severe plastic deformation 

[9], [10] techniques such as equal channel angular pressing 

and high pressure torsion induce large strains in materials 

and refining their grain structures to the nanoscale. In the 

equal channel angular pressing techniques the material is 

pressed through a die with an abrupt angle, causing shear 

deformation without changing the cross-sectional area and 

in the high pressure method the material is subjected to 

torsional strain leading to substantial grain refinement.  

Properties of Nanostructures Formed by Mechanical 

Attrition: Nanostructures formed by mechanical attrition 

exhibit unique properties that differ significantly from 

their bulk counterparts. Nanostructured materials often 

exhibit increased hardness and strength due to grain 

boundary strengthening. Reduced grain size can enhance 
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thermal stability, making these materials suitable for high-

temperature applications. Nanostructures can exhibit 

enhanced magnetic properties beneficial for various 

technological applications. 

III. FACTORS INFLUENCING 

NANOSTRUCTURE FORMATION 

Milling Intensity: Higher milling energy and longer 

milling times promote finer grain structures but may also 

lead to contamination and excessive cold welding [11]. 

Material Properties: The intrinsic properties of the 

material, such as hardness, melting point, and ductility, 

significantly influence the efficiency of nanostructure 

formation [12]. Atmosphere: The milling atmosphere inert 

gas, vacuum, or reactive gases affects the chemical 

stability and oxidation state of the milled particles [13]. 

IV. APPLICATIONS OF NANOSTRUCTURES 

By the help of mechanical attrition the unique properties of 

nanostructures are suitable for various applications. These 

are used in electronics for enhancing electrical 

conductivity and thermal stability make these 

nanostructures ideal for electronic components. 

Biocompatible nanostructures can be used for drug 

delivery and medical implants. High surface area and 

reactive sites improve catalytic performance in chemical 

reactions. 

Metallic materials typically consist of one or multiple 

phases, which are homogeneous regions characterized by 

distinct atomic arrangements. Recent research on 

nanostructured metallic materials has introduced 

promising methods for phase engineering at the nanoscale. 

This involves tailoring phase size and distribution and 

creating new structures through phase transformation, 

which allows for precise adjustments in deformation 

behaviors and electronic structures. Consequently, phase 

engineering is anticipated to revolutionize the development 

of materials with enhanced mechanical and functional 

properties [14] 

V. CHALLENGES AND FUTURE DIRECTIONS 

Despite the advantages, several challenges must be 

addressed to fully exploit the potential of nanostructures 

produced by mechanical attrition. Scaling up the 

production process while maintaining quality and 

consistency remains a significant challenge. 

Contamination from milling media and environment can 

affect the purity and properties of the nanostructures. 

Achieving best control over particle size and distribution is 

important for reproducible properties. Future research 

should focus on developing advanced milling techniques, 

better understanding the mechanisms of attrition and 

exploring new applications for nanostructures. Mechanical 

attrition faces several challenges, such as contamination, 

control over particle size distribution, and scalability. 

Future research should focus on addressing these issues 

and exploring new material systems and applications. 

VI. CONCLUSION  

In conclusion, the formation of nanostructures through 

mechanical attrition remains a pivotal technique in 

nanotechnology, offering significant advantages in 

simplicity, cost-effectiveness, and scalability. High-energy 

milling processes such as ball milling, attritor milling, and 

planetary milling have evolved to refine the methodology 

and expand its applications. The primary mechanism of 

repeated compressive and shear forces results in fracturing 

and size reduction, though higher milling energy and 

extended milling times can also lead to contamination and 

excessive cold welding. Despite these challenges, recent 

advancements in phase engineering at the nanoscale and 

the unique properties of nanostructured materials 

underscore the importance of continued research and 

optimization. Addressing issues such as contamination, 

particle size control, and scalability will be critical in 

harnessing the full potential of nanostructures for 

industrial applications. 
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