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Review about Development from Nanotechnology 
to Nano-Engineering

Introduction to Nanotechnology
In those early days, nanotechnology referred to the possibility 

of synthesis via direct manipulation of atoms and molecules for 
fabrication of macroscale products. In the 1990, Drexler & Minsky 
[2] used the word “nanotechnology” in their book “Engines of 
Creation: The Coming Era of Nanotechnology” [2], in which 
they proposed assembling machines and devices on the scale of 
molecules, a few nanometers wide. Later on, as nanotechnology 
became an accepted concept, the meaning of the word shifted to 
encompass technologies related to making any type of materials, 
structures and devices in nanometer-scale. A nanometer (nm) is 
one-billionth of a meter, hundred-thousandth the width of a human  

 
hair. There is a multidisciplinary convergence of science dedicated 
to the study of a world in such small scale. The U.S. National 
Nanotechnology Initiative Roco [3] has described four generations 
of nanotechnology development (Figure 1). The first era is design 
of passive nanostructures and materials to perform just one task 
like nanostructured metals, arseosol. The second phase introduced 
active nanostructures for multitasking; for example, actuators, 
drug delivery devices, and sensors. The third generation featured 
nanosystems with thousands of interacting components. In this era, 
integrated nanosystems, hierarchical systems within systems have 
been developed.

580Copyright © All rights are reserved by Said S E H Elnashaie.

Volume 6 - Issue -3

Review Article

Research & Development in 
Material Science  C CRIMSON PUBLISHERS

Wings to the Research

ISSN: 2576-8840

Abstract

The world is presently witnessing the advancement and development of a new multidisciplinary technology, “Nanotechnology”. The concepts that 
seeded nanotechnology was first discussed in 1959 by renowned physicist Feynman [1] in his talk. 

Figure 1: Generations of nanotechnology development Roco [3].
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Accordingly, a comprehensive definition for Nanotechnology 
is: “Nanotechnology is art and science of manipulating atoms and 
molecules to create systems, materials, and devices at nano scale as 
well as their application in various fields.”

Nanotechnology can be referred to as a general-purpose 
technology, as it has significant impacts on almost all industries and 
all areas of society. Nanotechnology is expected to offer better built, 
longer lasting, cleaner, safer, and smarter products for the home, for 
communications, for medicine, for transportation, for agriculture, 
and for industry in general. Chemistry and materials science and 
in some cases biology are integrated to create new properties of 
materials in nanoscale. However, engineering principles must be 
exploited to gain market opportunities.

Application of nanotechnology in different fields
The expectations from nanotechnology as a key technology 

of the current century for innovative products and new market 
potentials are high. Some of these potential applications of 
nanotechnology-based products are presented in this section.

Nanotechnology in biotechnology 

The size of nanometer is of central importance in the nature 
and biological systems. Cells are the main element of the living 
organisms that can be much smaller than the sub-micron size 
domain. A wide range of biomolecules, like proteins and viruses, are 
in the nano-scale range (Figure 2). Accordingly, nanotechnology has 
become a part of the world of biotechnology for understanding the 
biological systems and their phenomena [4]. Unexpected growth in 
the field of nanotechnology and biotechnology has brought novel 
technologies that make it possible to:

Figure 2: Various nano-sized biological systems.

a. Design new nanostructures by mimicking the structure 
and function of living systems 

b. Control and alter the biosystems including cellular and 
sub-cellular organelles, protein molecules, receptors, and 
cytokines.

Proteins, with a typical size of 5nm, are comparable to the 
smallest nanoparticles that have been made by researchers. This 
circumstance has led to the improvement of the health care and 
medical research through the development of nano-based products, 
as a result of research efforts. These products have extensively 
found bio-applications in the fields of cosmetics, drug delivery, 
imaging and medical diagnosis, tissue engineering, etc. for example, 
biomolecules can be attached to nanoparticles by electrostatic forces 

including hydrogen bonding, hydrophobic forces and Vander Waals 
forces. New approaches of using nanostructures for biomolecule 
immobilization assist potential applications in biosensors (glucose 
sensor, DNA sensors), targeted drug delivery and other biocatalytic 
processes [5-7]. The optical properties of nanoparticles could be 
also implemented in imaging and characterization of bio-molecules, 
for example as a marker in TEM, as well as surface enhancement of 
fluorescent emission and Raman scattering [8,9]. 

The revolutionary advancements in bio-nanotechnology and 
biomedical research place a strong foundation for a customized, 
personalized, and quantitative medicine in the future. The vital role 
of nano-biotechnology in medicine is improvement of diagnostic 
technologies. Diagnosis is a key stage in health care; the earlier 
diagnose of a disease the more effective is the therapy, both from 
outcomes as well as from a total cost perspective. The integration 
of nanotechnology with medicine has given birth to a new field of 
science called “Nanomedicine.” The ultimate goal of nanomedicine 
is to develop well-engineered products (tools and materials) 
that could efficiently be used for the prevention, diagnosis, and 
treatment of different diseases. These products include drug 
delivery platforms, imaging systems, bio-chips and probes, needles 
for painless drug infusion or intracellular injections, etc. [4]. 

Nanostructures are an important component of biosensing 
platforms [10,11]. The extraordinary properties of nanostructures 
(specially electrical and optical properties) of nanostructures 
in the presence of biomolecules make them possible to be used 
in biosensors fabrication [12-14]. Biosensors, which act in the 
aqueous phase, are analytical devices incorporating biomolecule 
(e.g., DNA, enzymes, antibodies, microorganisms, etc.) associated 
with or integrated within a physico-chemical transducer [12]. 
Biosensors are now employed in a wide range of applications:

a. Detecting of diseases, particularly in cancer diagnostics 
[15,16]

b. These sensors capable of monitoring in vivo processes 
within living cells, leading to achieving new information on the 
inner workings of the entire cell and understanding the cellular 
function, thus revolutionizing cell biology and to differentiate 
normal and abnormal cells [12]

c. Organophosphorus pesticides and nerve gases [17,18]

d. Pathogens and toxins, or total cholesterol and glucose etc. 
in blood [19,20]

e. Low concentration of toxic gases [21,22] 

Nanostructures have been also considered in the controlled 
release of active compounds in the application of pharmaceuticals 
[23] and food additives [24]. Drug delivery using nanostructures 
has demonstrated high and versatile loading capacity for 
therapeutic agents, some selective cargo unloading, and better cell 
penetration than many other delivery materials [25,26]. To achieve 
the efficient performance, a suitable scheme to conjugate the drug 
and the nanostructure is required to make nanostructures into 
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viable delivery vehicles [21]. Another critical step is to conjugate 
the nanostructures in such a way that the functionality of the 
biomolecules is maintained. 

The present day nano-medicine initiatives include a range of 
successful and evolving technologies encompassing targeted drug 
delivery aimed at minimizing side effects, creation of implantable 
materials as scaffolds for tissue engineering, development 
of implantable devices, surface modification and designing 
optimal topology for biomaterial implants, surgical aids, nano-
robotics, as well as high throughput drug screening and medical 
diagnostic imaging [4,27]. Medical applications of the most 
used nanostructures are presented in Figure 3. As presented in 
the previous paragraph and indicated in the Figure 3, medical 
applications of nanostructures commonly include imaging, 
sensing and delivery. However, magnetic nanoparticles (Fe3O4 and 
γ-Fe2O3) due to their unique behavior have a specific application 
for biomolecule separation selection. This application is especially 
well suited to the separation of rare tumor cells from blood, and low 
numbers of target cells [27,28].

Figure 3: Medical applications.

Nanostructures have also attracted great attention in tissue 
engineering for design of medical prostheses or implants [29]. 
Designing medical implants or scaffolds similar to natural tissue or 
organs with respect to their performance is a challenging task facing 
materials scientists and engineers. Novel innovative technology 
for the fabrication of nanostructural biomaterials increase the 
possibility to use nanostructure in designing and producing 
implants or prostheses with all ideal characteristic features in 
order to function in a natural way in the body environment [30]. 
Nano-composites of different types of ceramics are mostly used 
as orthopaedic implants and in dental applications to repair and 
replace diseased and damaged parts of the musculoskeletal system 
[31]. Metallic-based materials that present sufficient fatigue 
strength to endure the rigors of daily activity, such as walking, 
chewing, etc. are normally used as pins and plates and femoral 
stems, orthopedic implants, etc.). Coating materials in which 
nanostructures are used can modify the surface properties of 

materials used in medical activities (for example, surgery) by their 
improvements in performance, reliability and biocompatibility 
[32].

Nanostructures are also considered for the food packaging 
sector and nano-composites have shown impressive characteristic 
for this purpose [14,33,34]. According to these reviews, the 
majority of the researches used clay nano-particles; nevertheless, 
other types of reinforcing elements like carbon nanotubes, metals 
nano-particles and bio-based nano-fillers such as starch nano-
particles and biodegradable cellulose nano-whiskers have been 
applied. The latter bio-based nanofillers offer more advantageous 
like generating fully bio-based formulations and edibility since they 
can be made of food hydrocolloids.

The usefulness of using nanostructures in food industry as 
presented in [34-36] includes:

a. Controlled and/or burst release of substances in active 
and functional food packaging technologies and intelligent food 
packaging. 

b. Formulation of active packaging technologies based 
on bio-plastics such as more efficient antioxidant, oxygen 
scavenging or antimicrobial bio-packaging, which has more 
direct implications in increasing packaged foods quality and 
safety. 

c. Important issues associated to the use of bio-plastics, such 
as the non-intended migration of plastic components to foods, 
can also be potentially reduced by the use of nano-particles. 

While significant progress has been made in the area of nano-
biotechnology, there are still many issues left to resolve before 
clinical use of these materials can be realized. Before nanostructures 
can be utilized for human body, several important properties 
needs to achieved. The nanostructures must be nontoxic, non-
immunogenic, stable in blood, biodegradable, and applicable to 
various bio-molecules. From commercial and engineering points of 
view, the nanostructures also must possess scalable and inexpensive 
manufacturing process. Technical, regulatory, and legal challenges, 
however, exist along the road to implement nanotechnology in 
the fields of medical pharmaceutical and food industry. A great 
challenge is realizing the long-term impact of nanostructures on 
human health and their interactions [4]. The other issue is lack of 
knowledge about the stability of nanostructures during processing. 
However the use of natural additives like clay nano-particles and 
nano-cellulose may help to overcome this problem because of their 
biocompatibility

Nanotechnology in petroleum industries

Nanotechnology is offering new and improved methods in 
different areas of the oil and gas industries from exploration and well 
drilling to refining and distribution. Properties of nanostructures 
such as lightness, corrosion resistance and mechanical strength 
make them significant elements to be used in the oil industry 
machines, specially drilling machines [37]. Nanotechnology 
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represents breakthrough elements, thanks to the development 
of innovative monitoring techniques and smarter nano-sensors. 
Conventional sensors and other measuring tools are unreliable in 
hostile high temperature and high pressure conditions. Improved 
performance sensors for imaging, measuring and controlling 
reservoirs and oilfields will improve all activities in the area of oil 
industry, from exploring oil-well and drilling to oil transporting and 
reserving [38].

Besides the potential applications enumerated for 
nanotechnology in oil and gas industry, nanostructures can provide 
extraordinary opportunities to develop more cost effective and 
environmentally friendly upgrading and recovery enhancement of 
heavy feed-stocks [39-41]. Nanostructures were used for reduction 
of the viscosity of heavy oil thus benefiting the oil exploitation 
and upgrading transportation: [42]. Using nanostructures in 
catalysts provide several advantageous that ultimately increase 
the economics of the upgrading process. The catalyst improved 
characteristics include [43]:

a. High surface area to volume ratio, which results in 
improved catalytic performance for processing purposes, 

b. Increased probability of contacts between reactants 
because of their high mobilization inside the reactor 

c. Long run times for conversion as there is no need of 
catalyst replacement because of nanocatalysts implementation 
inside the medium

d. Stable long-term high activity

Figure 4: In-situ heavy oil upgrading and recovery [40]. 

Another promising advantageous is possibility of in-situ 
preparation of catalyst. Figure 4 illustrates the in-situ preparation 
of nano-catalyst for upgrading and recovery of bitumen during the 
steam assisted gravity drainage (SAGD) process [40]. In this method, 
nanocatalysts are introduced into the porous media through a line 
to perform upgrading inside the reservoir to convert bitumen to 
lighter products. The ultra-dispersed nano-catalysts will aid the 
SAGD process and light oil is produced at the surface whereas heavy 
molecules, solids and minerals stay sub-surface. Successful in-situ 

processing will reduce the operating costs as well as environmental 
concerns; however, there is a long way and extensive works are 
needed to commercialize the proposed method [43].

Conclusion
Other emerging applications of nanotechnology in oil industry 

include development of: 

a. New generation membranes for gas separation.

b. New types of smart fluids for water shut-off and 
improved/enhanced oil recovery [38].

c. Nano-catalyst [35]

d. Unconventional petroleum exploration and exploitation 
[44-51].
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