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ABSTRACT 

The review article has focused on the performance analysis of Analyzing Metallic Nanomaterials with Ultrasonic 
applications and future outlooks. Ultrasound (US) or Ultrasonic technology is already in the research field which is 
providing a powerful tool for producing nanomaterials. Currently, nanotechnology is dealing with various ultrasonic 
instruments which can monitor and control nanoparticles. The ultrasonic testing technique involves different testing 
parameters for nanomaterial characterization like, velocity, attenuation, spectral analysis, backscatter amplitude, 
critical angles, and acoustic measurements. Ultrasonic treatment is one of the most effective techniques to break down 
the large clusters of nanoparticles into the smaller clusters or even individual nanoparticles. A very important part of 
nanomaterials shows favorable property, such as enhanced kinetics and better efficiency as catalysts for the oxygen 
reduction reaction. This review article critically reviews the recent advances in the applications of ultrasound in 
various field systems. 
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INTRODUCTION 
The making of new compounds and applications 

resulted from the research into integrated approaches. 
All through the last few decades, ultrasonic or 
ultrasound-assisted processes have fascinated the 
imagination of multidisciplinary scientists searching 
for more actual and effective structures. A special 
paper on “Ultrasonic Nanotechnology of Ultrasonic 
Sonochemistry has given insight into ultrasounds 
numerous applications. In recent years followed, 
many new applications for ultrasound were 
developed, inspiring the development and growth of 
new technological advances [1]. Nanotechnology, by 
its nature is a extremely multidisciplinary collection 
of fields, that involves chemistry, biology, materials, 
physics, and medicine [2]. Ultrasound technology has 
progressive and advanced technology features such as 
imaging, digitization and intelligence, which specifies 
that nanotechnology is a fairly innovative and 
revolutionary development future and a progressive 
technological development process [3]. Ultrasound is 
an advanced technique applied for synthesizing 
sonochemical, breaking down the agglomeration, 
blending, and activating particles. Ultrasound is a 
critical but vital technique for nanoscale materials, 
particularly in nanotechnology, to be synthesized and 
processed. Nano-sized particles mean nanoparticles 

and nanocomposites which are used in an extensive 
and wide variety of scientific and industrial arenas as 
nanotechnology [4-6]. Nanocomposites are 
manufactured with multiphase solid materials, which 
are a combination of two or more components 
including a continuous and discontinuous phase with 
at least one within the nano-scaled dimension [7-9]. 

Finally, numerous mechanisms and developments 
in the synthesis procedures are discussed in detail in 
this review article. There are many types of synthetic 
methods for the preparation of nanocomposites and 
nanoparticles. 

Ultrasonic Nanotechnology 
In different fields, nanomaterials have turned into 

an inseparable portions of a huge number of research 
fields inclusive of environmental and industrial 
practices. Over the last few decades , ultrasonic-
assisted procedures have ignited and flashed massive 
interest in multidisciplinary researchers looking for 
more operative systems. In this review article, 
ultrasonic irradiation has been considered a extremely 
effective approach to assist the synthesis of a wide 
range of nanomaterials. Ultrasonic Nanotechnology of 
Ultrasonic Sonochemistry has given vision into 
ultrasounds plentiful applications. Ultrasound 
applications has become the most commanding and 
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 powerful technology to produce various natural 
mixture, as it is an environmentally sustainable, 
hygienic, prolific, and resourceful [10]. Ultrasonic 
sound has several applications in many fields due to 
its accuracy in results. It has been used for a long 
time, and by the time, it has only gained momentum. 
Researchers, invented newer applications in the area 
of medical sciences, remarkably that of treatment of 
patients and conducting minor surgeries. Ultrasonic is 
regularly used in joint ventures with nanotechnology 
for the last few years and incredible success has been 
attained in the diagnosis and treatment of several 
diseases. 

Ultrasound Or Ultrasonic 
Generally, ultrasound represents to acoustic 

pressure waves with frequencies of 20 kHz or higher. 
Maximum effects of ultrasound at low and high 
frequencies are directly related to the cavitations 
taking place in the treated liquid. Ultrasound is 
defined as the branch of acoustics concerning the 
generation of sound waves at frequencies higher than 
16 kHz, which are beyond the limit of human hearing. 
The applications of ultrasound can be classified as 
low frequency (between 16 kHz and 1 MHz) or high 
frequency (higher than 1 MHz) [11-12]. Ultrasound is 
useful in many different arenas. Ultrasonic devices are 
used to identify objects and measure distances. 
Ultrasound imaging or sonography is often used in the 
area medicine. In the nondestructive testing of 
products and structures, ultrasound is used to identify 
the invisible defects [13]. 

Usually, ultrasonic applications are environment 
friendly that offers a benefit in selectivity, yield, and 
productivity, with improved quality, reduced physical 
and chemical hazards, and short time for processing. 

Sonochemical Synthesis and Reaction  
Sonochemical synthesis is the procedure that 

utilizes the principles of sonochemistry where the, 
molecules undergo a chemical reaction with the 
application of potent and powerful ultrasound 
radiation (20 kHz–10 MHz). Sonochemistry is 
derived from the intense transient circumstances 
which are induced by ultrasound that produces  
unique hot spots that can achieve temperatures above 
5000 K, pressures beyond 1000 atmospheres, and 
heating and cooling rates in excess of 1010 K s-1 [14]. 
The sonochemical synthesis method is working on the 
principle of ultrasound. In solution, ultrasound can 

cause high temperature or high pressure. Because of 
increased temperature, small metal nanoparticles are 
formed at a rapid reaction rate. Ultrasound induces the 
collapse or formation of tiny bubbles in a solution that 
permits the formation of hollow nanoparticles [15-
17]. The metal atoms disintegrated from 
organometallic compounds during sonication are 
extremely reactive and can react with other chemical 
substances in the solvent to form new materials. The 
sonochemical synthesis of photocatalysts is a existing 
and current technique to prepare nanomaterials for 
competent and efficient photocatalysis with the least 
amount of required energy [18]. During this 
operation, sound waves are the sources of energy for 
that converts the reactant substances to the final 
products [19]. 

Sonochemical Reactions  
The following sonochemical effects can be 

observed in chemical reactions and processes: 
⮚ Increased reaction speed  
⮚ Increased reaction output  
⮚ more proficient energy practices 
⮚ sonochemical methods for 

switching of reaction pathway 
⮚ performance improvement of phase 

transfer catalysts  
⮚ avoiding of phase transfer catalysts  
⮚ using crude or technical reagents 
⮚ activating the metals and solids 
⮚ improved particle synthesis  
⮚ coating of nanoparticles 

Synthesis Of Nanoparticles Nanocomposites 
The term “nanoparticle” is not generally applied 

for individual molecules; it usually refers to inorganic 
materials. Nanoparticles can display size-related 
properties extensively different from those of either 
fine particles or bulk materials. Nanoparticles are of 
scientific interest as they are, in effect, a bridge 
between bulk materials and atomic or molecular 
structures. Nanoparticle synthesis with co-
precipitation is a simple and easy technique, results in 
a wide-ranging size of nanoparticle synthesis [9, 20]. 
A bulk material has constant physical properties 
regardless of its size, but at the nanoscale, size 
dependent properties are observed. Nanoscale 
structures, like nanoparticles and nanolayers, have 
extremely high surface-to-volume and aspect ratios, 
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 which   is making them ideal for use in various 
materials [21]. Nanoparticle synthesis can be 
performed by different methods such as physical, 
chemical, and biological approaches. Normally, the 
physical and chemical methods are considered the 

most excellent way to get uniform-sized nanoparticles 
with long-term stability. Nanoparticles can be derived 
from larger molecules, or synthesized by “bottom–up” 
methods [22]. 

 

Table-1 Nanoparticles Synthesis Techniques 

 
Ultrasound technology has better-quality and 

advanced technology characterized by imaging, 
digitization, and intelligence, which specifies that, this 
technology is fairly an innovative and leading -edge 
development in future and a progressive technological 
development process [23]. The size of the synthesized 
nanoparticles depends upon the ultrasound frequency, 
which determines the sizes of the aerosol droplets and 
the concentration of the dissolved salts in the 
precursor solution droplets [24-25]. 

Ultrasound is a revolutionary technique used for 
synthesizing sonochemical, breaking down the 
agglomeration, blend, and activating particles. 
Ultrasound is a critical and vital technique for 
nanoscale materials, specifically, in nanotechnology, 
the material which is to be synthesized and processed. 
Nanostructured metal particles were the first 
demonstration of the application of chemical effects 
of high intensity ultrasound for the preparation of 
nanomaterials [8, 26]. 

 
Figure 2 The applications of sonochemistry to materials are diverse and rapidly expanding Figure [27]. 

Synthesis Of Nanocomposites 
Nowdays ,nanocomposites are the thrust area of 

research, helps in finding a variety of applications in 
day-to-day technologies. Nanocomposites are a class 
of nanomaterials, where one or more nanostructured 
materials (organic/inorganic) are integrated in metal, 

polymer, or ceramic to acquire a new material with a 
lot of unique properties. Nanocomposites are 
consisting of a matrix in which fillers are incorporated 
based on the properties to be enhanced. Based on the 
matrices used, nanocomposites may be classified as 
polymer matrix nanocomposites, ceramic matrix 
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 nanocomposites, or metal matrix nanocomposites. 
Ultrasonic treatment is far and wide used to produce 
nanostructures/nanocomposites containing elemental 
metals, alloys, carbon nanoforms, metal oxides, salts, 
and coordination compounds, macrocycles, and 
polymers, as well as obtaining nanoemulsions and 
nanogels [28]. Other imperative ultrasound-assisted 
applications in materials chemistry, the researcher 
have marked the synthesis of ceramic nanoparticles 
and polymer nanocomposites [29]. The major 
nanoproducts of ultrasonic applications are 
nanomaterials or nanocomposites on the basis of 
carbon nanoforms, elemental metals, their oxides, 
salts, and complexes, as well as polymers. 
Nanocomposites are synthesized with multiphase 
solid materials, which are a mixture of two or more 
components including a continuous and discontinuous 
phase with at least one within the nano-scaled 
dimension. 

The latest challenge, that the world pose to 
scientists are largely dictated by the development of 
the fields of materials science. In this review article, 
the key focus is on the synthesis of nanoparticles and 
Nanocomposites by various methods and techniques. 

Future perspective of Ultrasonic Applications 
Ultrasound or Ultrasonic technology is literally 

established in industrial chemical synthesis as well as 
other processes like wastewater treatment. The future 
perspective of the application of ultrasonic 
nanoparticles and nanocomposites are completely 

based on the results achieved from researches, and the 
improvement level of the nanocomposite materials 
properties. The examples provided in this review 
article are far from exhaustive yet correspond to a 
mixed type of nanoparticles that have been 
ultrasonically prepared, vary from organic to 
inorganic nanoparticles and nanocomposites. Future 
progress of sonochemical processes are first and 
foremost subject to the cost-effectiveness and 
scalability of the production. Ultrasound is 
reproducible, and a linear scale-up is viable [30]. 

CONCLUSION 
In this review article, a diversity and variety of 

nanoparticles can be synthesized, and nanocomposites 
can be manufacture, by using the methods. Ultrasound 
assisted preparation methods have been enabling more 
simplistic and cost-effective preparation methods for 
producing nanoparticles and nanocomposite. The 
major applications of ultrasound in the synthesis of 
nanoparticles and nanocomposites, and main 
nanoproducts of ultrasonic use are nanomaterials or 
nanocomposites on the basis of carbon nanoforms, 
elemental metals, their oxides, salts, and complexes, 
as well as polymers. This review article focused on a 
new drift or a trend in implementing synthesized. 
Ultrasonic assisted nanomaterials in various 
applications and is currently toward a complete range 
definition of characteristics and stability in order to 
conquer the possible future perspective and 
restrictions. 
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