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I

PREFACE

Depending on the developments in technology and science, more current 
issues take place in the studies of scientists. It is extremely important that 
academicians transfer their scientific studies to new generations. The fact 
that written sources with information containing new technologies left to 
future generations are located on different platforms facilitates the transfer 
of information. For this reason, it is an important duty to be acquired by the 
scientific community to write a book containing current issues in different fields. 

This book named “Interdisciplinary Engineering Sciences Concepts, 
Researches and Applications” brings together various research and application 
studies from different branches of engineering. This book consists of seventeen 
chapters covering engineering topics such as computer technologies, civil, 
mechanical-materials science, architecture and design, electrical-electronics and 
mining.

We would like to thank all the authors of the chapters who contributed to 
the publication of the book, the referees who carried out the work review, and 
the Livre De Lyon Publishing House, and hope that the studies will shed light on 
the readers and provide new perspectives.

December 2022

Prof. Dr. Serkan ISLAK

Kastamonu University
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1. Introduction

The use of new technologies in education is a factor that significantly 
increases the effectiveness of education. When the features of new 
technologies are applied correctly to the field of education, it increases 

the effectiveness of learning performance. (Lai and Bower, 2019) Language 
education is an area where different technological approaches can be applied. 
The use of visual content and interactive content has been particularly effective 
in the field of language education. (Ahmadi, 2018) Therefore, using various 
materials and technology in language education has become widespread, and 
studies continue in these areas.

2. Language Education

Language education has followed various methods to facilitate learning the 
targeted language with various methods for many years. (Kuo, 2010) Although 
language learning becomes more difficult as people age, there are studies that 
language learning with the right approaches and methods makes it possible to 
get a native accent, independent of age. According to this research, there is no 
concept of critical age in language learning, and it can be learned at any age with 
the right approaches. (Neufeld, 2006) 
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3. Virtual Reality and Augmented Reality 

Virtual reality is a fictional environment created by realistic simulation of 
3D computer graphics. Virtual reality, which can be interpreted as an alternative 
world, offers new methods and approaches in various fields with its digital 
opportunities. On the other hand, augmented reality is an environment supported 
with 3D computer graphics without being completely immersed in a virtual 
world like virtual reality. Both virtual reality and augmented reality provide 
advantages in various fields with the features they offer. (Cipresso et al, 2018) 
With the recent technology developments, HMDs(Head Mounted Displays) 
have been more advanced. These systems have been used in various fields of 
education and have increased students’ motivation. (Huang and Roscoe, 2021)

4. Metaverse and Education in Metaverse

Worlds created in virtual reality are called Metaverse. Metaverse, a new 
3D social world, has opened a new door to sectors such as education with the 
opportunities it offers. Technologies such as virtual, augmented, and mixed-
augmented reality allow us to interact with the Metaverse. The importance 
of virtual education has increased due to some risks like pandemics. With the 
popularization of online courses, concepts such as Metaverse University have 
become a reality. (Collins, 2022) Digital places like the Metaverse also helps 
young students, especially generation Z. It also helps people with disabilities, by 
enhancing the learning experience.  (Tlili et al, 2022)

5. Language Learning Applications in Virtual Reality

There are various areas where virtual reality technology is used for language 
education. For example, by using the virtual reality, students encouraged to 
complete their assignments. (Lan, 2020) There are several different techniques 
to use virtual reality, and each of it has its own advantages.

5.1.	360-Degree	Videos	and	Pictures

Instead of creating a completely virtual world, we use high-quality 
360-degree videos and images from various locations worldwide in this category. 
The amount of interaction decreases but does not disappear. In addition, virtual 
tours can be used in areas such as various tourist areas or university campuses. 
(Berns et al, 2018)
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Figure 1. Virtual Museum Application of Tourism and Culture Ministry, Turkey

5.2.	Fully	Immersive	Virtual	Reality	Applications

Unlike 360-degree videos and pictures, more powerful hardware is needed 
in this category since a completely virtual environment is created in fully 
immersive applications. In such applications, interaction options are generally 
more than half-immersive ones since the user is completely in a virtual universe. 
Increasing interest in the popularization of virtual reality has led schools to take 
new initiatives in this field. (Parmaxi, 2020) There are applications based on 
language teaching with fully immersive virtual reality, such as MondlyVR and 
ImmerseME.

5.3.	Augmented	Reality	Applications

Augmented reality, on the other hand, is more easily accessible to users 
since virtual reality glasses are not required. As in the Pokemon GO game, 
digital content with 3D graphics can be viewed via the phone. These contents 
can effectively use methods such as assistant support in language learning and 
various vocabulary learning techniques. According to research, using VR/AR 
applications with gamification increases the learning desire and motivation of 
the users. (Norzaimalina et al, 2021) 

Place-Based techniques, creating a smart environment by adding markers 
or GPS-supported AR events can be used as an enhancement. There are several 
AR tools like storytelling applications.  (Godwin-Jones, 2022)
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Figure 2. GSB AR Application of Youth and Sports Ministry, Turkey

6. Avatars and AI Supported NPCs

In the virtual reality world, avatars of people and NPCs have an important 
social role. People can see their avatars directly from their eyes or in 3D from 
afar. In addition, NPCs created with artificial intelligence can support the user 
experience. (Kyrlitsias and Michael, 2022)

7. Educational Virtual Reality Approaches

Various techniques and approaches can be used in a virtual reality 
environment. Manipulation of 3D objects helps users to have a realistic 
experience. In addition, the system allows users to socialize in a new environment. 
Users can be in the same environment safely without the problem of time and 
distance. They can manipulate 3D objects in their common environment. Also, 
apart from traditional approaches, there are also theories such as Constructivist 
Learning Theory or Social Cognition Theory for education in virtual reality in 
education. (Leung et al, 2018)

8. Conclusion

The benefits of using technologies such as virtual reality and augmented 
reality in different fields are increasing. In the field of language education, 
virtual reality and augmented reality applications play an efficient and 
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motivational role for students since these technologies can offer visual 
education. With the development of concepts such as Metaverse, such 
technologies have a role to play in all fields of education, including language 
education, in the future.
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1. Introduction

Virtual Reality Technology (VR) is spreading rapidly today and with 
the combination of this technology with different technologies, new 
systems that can produce alternative solutions to some of today’s 

emerging problems. Blockchain, one of these different technologies and the 
most popular, is especially used to create a decentralized virtual reality worlds 
network (Metaverse) and many use cases.

1. Introduction to Virtual Reality

Virtual reality is a technology to create a simulated world using 3D 
computer graphics wearing a head-mounted display. In this completely artificial 
and computer-generated world, the user can perform many direct interactions 
(touching by hand) in the real world, as well as indirect interactions specific to 
this world (Ray casting, teleport etc.).

Virtual Reality applications, which are well-designed and well-structured, 
have potential in many areas such as Training, Health, military, or education.
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Virtual reality produces solutions in many areas. For instance, in the field 
of health, fears such as height fear, fear of public speaking, insect/animal fears 
such as spider fears and panic situations can be overcome with this technology 
(Imogen et al. 2017) (Paul and Katharina 2021). In addition, virtual reality has 
applications that increase motivation and interaction in the field of education, 
especially simulation and STEM applications. (Kavanagh et al. 2017) (Parmaxi 
and Demetriou, 2020)

2. Introduction to Metaverse 

Metaverse is a combination of decentralized 3D worlds where the user 
enters a complete virtual environment. Metaverse, which can be assumed as 
a separate world, can take place in this virtual world where users log in with 
their own customized avatars, using the advantage of digitality, and innovative 
initiatives including the education sector, real-estate, interactive language 
learning, art galleries, and try-on stores. (Dionisio et al. 2013) (Yuheng et al. 
2022) (Nikolaidis, 2007)

Details such as security, speed and quality are very important for this 
environment to offer the user a realistic experience rather than an artificial 
one. For instance, speed delays that will occur in the network while in this 
environment will have much more striking effects on the user. (Lee et al. 2021)

Figure 1. Metaverse Diagram
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In addition, Metaverse also needs collaborative efforts to present a set of 
ethical regulations to succeed. needs; otherwise, these situations can evolve into 
various problems such as hate speech and sexual assault. (N. Kshetri, 2022)

3. Introduction to Blockchain

Blockchain is a distributed ledger system. The data is broken up into 
small pieces and stored in an encrypted form on multiple networks. Every 
new information is processed in this system and shared in a way that all users 
can see. The processing of the information coming to the system is done by 
the verification of other users. In this way, when a new update occurs in the 
system, every user in the system can see it transparently. (Ghiro et al. 2021) 
Many information such as smart contracts, invoices, receipts, products, or IDs 
can be stored in this system in a secure and verifiable way. Blockchain system 
is decentralized, that is, it is not managed by any institution or person, it is 
managed jointly by all users. This information, which is added to the system, 
is added to the end of the system as a block and takes place permanently in the 
system. Therefore, retrospective transactions can be searched and enable us to 
search any information in history. The working principle of this whole system 
differs between established blockchain networks. Each blockchain network, 
with its own protocol, can regulate how information is recorded or how new 
information is added. (Xu Chen et al. 2019)

3.1.	Metaverse	and	Blockchain	

These two digital technologies have many common areas of use. In 
addition to the advantages of the decentralized nature of Blockchain technology, 
there are many common application areas with Metaverse on various topics 
such as Smart Contracts, Verification Systems and Transparency. (L. Cao, 2022) 
(Greech A. and Camilleri, 2017)

4. Use Cases for Financial Purposes

Financial use is one of the most common uses of Blockchain technology 
with VR such as virtual wallets and currencies, buying and selling tokens such 
as NFTs, which are crucial in blockchain payment systems. 

4.1.	Cryptocurrencies

In addition to popular blockchain currencies such as Bitcoin in use 
today, there are also currencies produced for the Metaverse such as SAND, 
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MANA or AXS. It carries out transactions such as in-app trading, land/token 
trading with these currencies. The values of cryptocurrencies can increase or 
decrease according to demand, which creates a separate financial situation for 
cryptocurrencies. (Akkus et al. 2022)

4.2.	Payment	Systems

Blockchain-based payment systems allow the user to perform financial 
transactions on the blockchain network created specifically for the metaverse, 
while in the virtual reality environment, without being dependent on the real world. 
Various blockchain payment systems can solve this problem (Kim et al. 2022).

5. Use Cases for Safety Purposes

5.1.	Security

Security, which is one of the strongest areas of blockchain technology, 
has a very important place in virtual reality. Since users can use their 
customized avatars they want, various methods and services are used to provide 
authentication procedures, privacy, access controls, data and data integrity and 
their assurance. (T. Salman et al. 2019) Anything and everyone can be a part of 
the Metaverse concept. Entering metaverse, they generate huge amounts of data 
when using Extended Reality (XR) technologies. It is very important to protect 
both the behavioral and body data coming from the sensors and the digital data 
in the environment, and to prevent headset companies from accessing these 
data. (Pietro and Cresci, 2021) Since these XR devices are also an IoT device, 
they are usually connected to the home network while being used. Blockchain 
solutions can be produced directly for these devices. (M. Samaniego et al. 2016)

5.2.	Privacy

As mentioned in the security section, it is very important to ensure the 
confidentiality of this huge data created. A malicious attacker can capture 
Metaverse users’ data using various Metaverse-specific protocols. (Nair et al. 
2022) It is possible to reduce cyber risks in the field of privacy with blockchain 
applications in the Metaverse universe. (Wang Yuntao al. 2022) (Yang et al. 2022) 

6. Intellectual Property and Proof of Ownership 

Another virtual reality usage area of blockchain technology is NFT tokens. 
NFTs, as known as Non-Fungible Tokens, are unique in the blockchain network 
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and cannot be exchanged. This means one can certify any digital asset as NFT. 
NFTs, as digital patent, became popular in the financial field in the 2020s. NFT 
songs, NFT pictures, videos and certificates received. (Wang Qin et al. 2021) 
Regarding education, students’ grades can be kept in a private blockchain 
network as NFT. (N. N. Kumar et al. 2022) Students can be given assignments to 
be obtained as NFTs for reward purposes, and their systems can be established 
(Elmessiry A. et al. 2021).

7. Metaverse Platforms

There are several blockchain-based metaverse platforms. With them virtual 
courses and environments such as social environments, finance and marketplaces 
can be realized in a secure blockchain network (Jovanoyic and Milosayljeyic, 
2019) (Yılmaz Emrah and Ecemis Orhan, 2022). These platforms can also be 
used in experiments where more than one user’s data is needed, thus solving 
distance-related problems (Saffo David et al. 202).

8. Conclusion

Today, different technologies are developing rapidly and the use 
of these developing technologies with each other can produce different 
solutions to various problems. In this context, together with Blockchain 
technology and Extended Reality technologies, Metaverse offers many 
different opportunities, especially regarding security, finance, and rights 
certificates. As the work in these areas progresses, these two technologies 
will meet in large common work areas in the future and offer innovative 
solutions to many areas, and it will even be possible for people to access 
content that cannot be experienced in reality for different reasons, even more 
quickly, economically and safely.
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1. Introduction

Today, the increase in the human population and the increasing workload 
have led to an increase in travel demands, which has led to the increasing 
need of today’s people for safer, faster, more comfortable, uninterrupted, 

and economical transportation systems all over the world.
Especially in winter, snowfall and icing on highway and airport pavements 

in cold regions cause deterioration in the road pavements, as well as led to flight 
cancellations, road closures, stopping or slowing down the highway traffic flow, 
and endanger traffic safety and cause great material and moral losses (Ağar ve 
Kutluhan, 2005; Gürer ve Düşmez, 2015). Even before motor vehicles were in 
human life, snow and ice removal has always been one of the most important 
problems in road transportation (Figure 1).

Figure 1. Removal of snow and ice from early times to the present (Gürer et al. 2019)
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Many different methods are used for anti-icing. Although physical control 
methods and chemical methods are the most widely used methods today, these 
methods have some negative consequences in terms of both application and safety, 
infrastructure, human health, and the environment. Both of these applications 
require significant amounts of personnel and machinery, insufficient personnel 
and machinery in the event of sudden precipitation do not make it possible to 
effectively prevent icing and snow accumulation on all roads. It is known that an 
average of 15 million tons of salt is used annually to prevent icing in the United 
States (Wegner and Yaggi, 2001). Significant corrosion damage occurs on road 
sign information systems, vehicles, asphalt road pavements, bridge decks, and 
foots, which are important for traffic safety, due to the anti-freezing salts used 
on highways, especially in winter, which also endanger traffic safety (Gürer et 
al., 2019). Snow and icing on the roads, on the sections where there are sharp 
horizontal and vertical curves on the road routes, on the northern slopes of the 
mountainous parts of the routes, on the bridges and tunnel sections, in places 
such as the airport and bus station platform, on the sections with high slopes on 
the roads, on the walking paths and pedestrian crossings, in the entrance and exit 
to the car garages are endangered pedestrian and traffic safety at exit ramps, and 
city bus stops. Bridges and viaducts are sections where icing occurs much faster 
than other road sections (Figure 2).

   

  

  

 Figure 2. Critical road sections in terms of snow and ice accumulation (Gürer 2014) 
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In Europe and Turkey, there are hardly any places where frost does not 
occur (Figure 3). Especially in Turkey, Central Anatolia and Konya are the places 
where frost is reported the most (Kadıoğlu 2012). In Turkey, it is estimated that 
the amount of salt used on highways within the scope of snow control is around 
100 thousand tons per year. It is estimated that the total cost of fighting against 
snow and ice is 45 million $ per year, together with the maintenance and repair 
costs of the vehicles used in the fight against snow and ice, along with expenses 
such as fuel costs and overtime (Varış 2007, Gürer 2014, Seferoğlu vd. 2015).  

Figure 3. Europe’s average number of frost days in by years (web1 2022)

In general, there are two different ice control strategies: anti-icing and 
de-icing. There are also some differences in their main purposes. Anti-icing 
activities are aimed at preventing the accumulation of snow on the surface and 
the formation of icing. De-icing studies are carried out to melt or remove the ice 
formed on the surface, and these methods are also known as traditional methods 
(Ağar and Kutluhan, 2005; Gürer et al., 2015). Therefore, for the de-icing work 
to achieve its purpose; personnel, machinery, consumables, etc. it depends on 
the possibilities. In recent years, methods known as active methods in the fight 
against icing and snow accumulation and aiming to prevent icing before it 
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starts have started to be applied in some countries. One of them is electrically 
conductive pavement technologies. With this type of technology, an increase in 
temperature occurs in the pavement with the electric current passing over the 
pavement, which ensures that icing is prevented before it occurs. These types 
of technologies are generally used together with smart systems and artificial 
intelligence technologies. Sensors on the road surface detect the danger of icing, 
and in this way, the system is activated before the danger of icing begins. Within 
the scope of this book section, the methods used in the anti-icing/anti-snow 
accumulations on highways are given.

2. Control Methods for Snow and Icing

Today, the methods of combating icing can be examined under two main 
headings as passive methods and active methods (Figure 4). In passive methods, 
ice is removed from the road surface by using melting chemicals, abrasives, 
or machines, while in active methods, applications such as conductive asphalt 
concrete, hydronic (geothermal), and non-freezing asphalt concrete are used to 
melt or not form ice on the pavement surface (Pan et al., 2014; Gürer, 2014). 
; Fall, 2014). These new techniques are controllable and effective systems as 
well as cost-effective in the long term. In Table 1, cost comparisons of active 
methods used to combat icing are shown.

Figure 4. Methods of combating icing on highways (Gürer 2014)
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Table 1. Cost comparison of active methods (Pan et al., 2014)

Active	Ice	Melting	
Systems

Installation	Cost Operating	Cost Installation	Cost

Automatic Spray System 600.000 $ 12,00$/m2 -
Electrical Resistance 
(cable) System

54,00$/m2   4,80$/m2 323-430W/m2

Hot Water Hydronic 
System

161,00$/m2 250,0$/times 473W/m2

Hot Gas Heating System 378,00$/m2   2,10$/m2 -
Conductive Cement Based 
Concrete 

635,00$/m2  0,80$/m2/times 350W/m2

Conductive Asphalt 
concrete 

270,00$/m2   0,02$/m2 484W/m2

2.1.	Passive	Methods	for	Combating	Icing

2.1.1.	Chemical	Methods

The application of various chemicals and abrasives to the road surface 
is one of the most widely used methods in our country and all over the world 
in order to ensure the thawing of snow and ice and to prevent their formation. 
These items are; It is of two types, solid and liquid. The most important feature 
of these chemicals is that they melt the ice and frozen snow on the road surface 
by decreasing the freezing point of water. These substances, which are in solid 
(granular, powder, etc.) and liquid (solution, etc. at a certain concentration) form, 
can be applied either alone or by mixing with each other and other substances 
to increase their performance. Each of them has different characteristics 
due to the temperature, performance characteristics, and harmful effects on 
the environment relative to each other (Table 2). The chemicals commonly 
used on the roads for snow and ice control, some of the properties of these 
chemicals, and the damage they cause to the environment and infrastructure are 
summarized in Table 2.2 (Ağar ve Kutluhan 2005; Gürer ve Düşmez 2015). In 
addition, Kuloğlu and Kök (2005) stated that depending on the permeability of 
asphalt pavement, salt solutions penetrating into it may affect the performance 
of asphalt pavements. The researchers determined that the stiffness modulus of 
concrete asphalt pavements exposed to 2.5% salt solution decreased by 35% and 
the fatigue strength by 41%.



20    INTERDISCIPLINARY ENGINEERING SCIENCES

Table 2. Some properties of snow and anti-icing chemicals and  
their negative effects on the environment (Özcan vd. 2005)

Chemical 
Material Properties

approximate 
temperature 

oC
Corrosive Effects on the 

Environment

Sodium 
chloride 
(NaCl)

It is widely available 
as rock, lake, and 
sea salt. It is more 
cost-effective than 

other salts.

-3.9

It affects the ecological environ-
ment. It increases alkalinity by 
penetrating into soil and water. 

Since it contains chloride, it dam-
ages metal surfaces and concrete 

in terms of corrosion.

Calcium 
Chloride 
(CaCl2)

It is one of the sub-
stances that works 

best in defrosting at 
the lowest tempera-
tures, as it harms the 
environment when 
melted compared 

to other chemicals. 
It is obtained as a 
by-product in the 

soda industry.

- 20

It affects the ecological environ-
ment. Since it contains chloride, it 
damages metal surfaces and con-
crete in terms of corrosion. After 
application, they leave a slippery 
residue on the road surface that is 

difficult to clean.

Mag-
nesium 

Chloride 
(MgCl2)

Magnesium chloride, 
a chemical substance, 
has deicing proper-

ties.
-15

It affects the ecological environ-
ment. Since it contains chloride, it 
damages metal surfaces and con-
crete in terms of corrosion. After 
application, they leave a slippery 
residue on the road surface that is 

difficult to clean.

Potassium 
Chloride 

(KCl)

Potassium chloride, a 
chemical substance, 
has deicing proper-

ties.

-7
It affects the ecological environ-
ment. It increases alkalinity by 
penetrating into soil and water. 

Since it contains chloride, it dam-
ages metal surfaces and concrete 

in terms of corrosion.
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Urea
[CO 

(NH2)]

Urea used as fertil-
izer has defrosting 

feature.

-7

It does not give good results at 
low temperatures. Compared 
to other road salts containing 

chloride, it has no corrosive ef-
fect on metals and concrete. For 
this reason, it is used in bridges, 
viaducts and airports. However, 

it causes excessive growth of 
roadside plants and creates NH+4 
ion, which is harmful for living 

things.

Calcium 
Magne-
sium-Ac-

etate 
(CMA)

It is a chemical sub-
stance that has been 
used recently due to 
its de-icing feature 
at low temperatures 
and its low corrosive 
effect on metal, con-
crete and the environ-

ment.

-20

Since it does not contain chlo-
ride, it does not have a harmful 
corrosive effect on metals, con-

crete and ecological environment 
compared to other salts. Its cost is 

higher than other salts.

Potassium 
Acetate 

(KCO2H)

It is a chemical sub-
stance that has been 
used recently due to 
its de-icing feature 
at low temperatures 
and its low corrosive 
effect on metal, con-
crete and the environ-

ment.

-20

Since it does not contain chloride, 
it does not have a harmful cor-

rosive effect on metals, concrete 
and ecological environment com-

pared to other salts.

Although the calcium magnesium acetate and potassium acetate 
compounds seen in Table 2.2 are considered harmless in terms of environment, 
their unit prices are quite high compared to other chemicals. Of these, NaCl 
does not function when applied below -3.9 oC (Löfgren 2001). NaCl and 
sometimes CaCl salts are used to clear roads that are usually frozen and 
covered with snow during the winter months. These salts ultimately increase 
the salt concentration of naturel water resources (creek, stream, etc.). The 
increase in the salt concentration in the waters greatly affects the irrigation 
water and the life in the water, as well as the drinking water. According to a 
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study conducted in the USA, the cost of eliminating the damage caused by a 
ton of salt to the environment is $800. Damage caused by salt to groundwater 
and indirect health expenses is not included in this cost. It is thought that the 
use of an environmentally friendly material instead of salt will contribute to 
the country’s economy by at least $100 million per year (Yörükoğulları 2005) 
(Figure 5).

Figure 5. Anti-icing salts and solution’s detrimental effects on road side plants

2.1.2.	Physical	Methods

Various machinery and equipment are also used to remove snow from the 
road surface. Which of the machines and equipment will be used is decided 
according to the snow thickness and the place where the accumulation will be 
made. When the snow thickness exceeds 5 cm, the snow can be removed from 
the road with trucks fitted with flat snow blades at a speed of approximately 50 
km/h. These machines are effective up to 20 cm snow thickness. In places with 
snow thicknesses between 20 cm and 50 cm, closed areas are opened with V 
blades first and final cleaning is done with straight blades. In places where the 
snow thickness reaches 1 m, the snow is split with V blades mounted on more 
powerful trucks. Side blades on the same truck widen the crevices and fine snow 
removal is done with straight blades. When the snow thickness exceeds 50 cm, 
it is more beneficial to open the road with rotary tools, except in emergencies 
(Ağar and Kutluhan 2005). Figure 6 is shown some passive methods used to 
combat icing.
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Figure 6. Passive methods in combating icing, a) Rotary snowblower b)  
Snow Scraper c) Solvent sprayer d) Road salting work (Gürer 2014)

One of the physical methods used to combat icing is the use of abrasives. 
Abrasives are used in snow and ice control work to increase the coefficient of 
friction and prevent skidding. The use of abrasive is vital at low temperatures, 
where the chemical action is very slow, and where snow and ice are too tightly 
adhered to the pavement. The most suitable materials for use as an abrasive 
are natural sand, coal dust, stone and slag crumbs, mine tailings and coke oven 
waste. Generally, 340 kg of sand is applied per kilometer strip (Özdemir 2011).

The abrasives thrown on the road surface must be removed from the road 
surface after the weather conditions improve, otherwise they pose a danger to 
traffic safety and may also cause clogging of the drainage ditches. Therefore, it 
can be said that the use of abrasive is costly in terms of personnel and machinery 
expenses (Gürer 2014).

2.2.	Active	Methods	for	Anti-Icing

The methods known as active methods in the fight against icing are the 
methods that have many advantages over passive methods, which are activated 
with the help of sensors built on the logic of ensuring that icing does not occur 
at all by reacting to the icing problem in advance. The active methods that 
will be discussed here are, automatic solution spraying systems, electrically 
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conductive coatings, heating with conductive cables and hydronic (geothermal) 
methods.

2.2.1.	Anti-icing	Solution	Spray	Systems

These systems are anti-icing solution spray systems fixed on the pavement. 
This type of anti-icing method consists of a solution tank, an electric pumping 
system, and a control room with a computer-based control system (Figure 7). 
The pipes placed in the system, the power and communication cables, and the 
pipes through which the chemical solution is transmitted are connected to the 
valves and then to the nozzles. Such systems can be integrated with automatic 
road-to-road air control information systems using active and passive sensors. 
The control rooms of such systems are scalable and can combat icing in more 
than one lane with spray systems.

Figure 7. Freeze Free® automatic anti-icing solution  
spray systems (Web Source 2, 2015)

2.2.2.	Electrically	Conductive	Asphalt	Pavement	(CAC)

Conductive asphalt concrete (CAC), which is part of asphalt pavement 
heating systems, is a new technology in snow melting and de-icing. In this 
system, the road pavement is divided into heating modules of appropriate scale. 
The conductivity level varies according to the size of the divided modules and 
the desired heat requirement. Generally, module sizes with conductivity not 
exceeding 100 Ωm are preferred. The CAC application as a new snow melting 
/ deicing agent was developed by Minsk in 1968. Conventional asphalt mix is 
a mixture of bitumen, aggregate and mineral fillers, all of which are insulators. 
According to the basic theory of conductive composite polymer CAC, which has 
a low resistance value, is activated by adding various forms of conductive, dust 
(graphite, carbon dust, etc.) fibers and particles into asphalt concrete. The electric 
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current passing through the CAC provides the heat required for snow melting 
and defrosting on the road pavement (Figure 8). This method is based on (1) the 
similarity of the materials that will provide the conductivity to the materials that 
make up the asphalt and their limited effects on pavement performance (Minsk 
and Hanover, 1971); (2) the mains support the heat transfer system; and (3) the 
CAC also has potential for corrosion protection of the reinforced concrete bridge 
carrier system, including cathodic protection of pipelines (Stratfull, 1974) and 
road pavement health monitoring (Wu et al., 2005). It gains importance day by 
day in the fight against icing with its advantages such as having functions.

Figure 8. Snow and ice melting performance of  
conductive asphalt concrete (Li et al. 2021)

A conductive asphalt de-icing system consists of a conductive pavement 
mixture power supply, conductive cables carrying AC/DC power, sensors that 
measure weather conditions (humidity, temperature, wind speed, etc.), and a 
control-monitoring system (Minsk, 1968; Minsk and, Gürer 2014, Gürer et al. 
2022). Because the power supply cables and control systems for the ice-fighting 
system are similar and common, the key is to obtain a conductive asphalt mixture 
that has both excellent conductivity and acceptable mechanical properties. 
Conductive materials including graphite, carbon powder, carbon fiber (CF) steel 
fiber (SF) steelwork slag are used for asphalt concrete to have low resistivity 
(Sho-peng et al., 2002; Ahmedzade and Şengöz, 2009; Garcia et al., 2009, Gürer 
et al. 2022).

2.2.3.	Preventing	Icing	on	Roads	with	Cable	Heating	Systems

These types of systems are systems that operate on the principle of keeping 
the temperature of the coating surface above the freezing point of the road, 
with the heating cables placed under the pavement. These types of systems 
require higher power and longer run times than other systems (it efficiently 
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heats driveways and walkways at 230volt, delivering 30 watts of heat for each 
linear leg). Usually, heating cables are made along road pavements where 
ruts are concentrated. With the help of surface-mounted sensors, the surface 
temperature change of the coating is continuously monitored (Zhang 2009). It 
was implemented on the road connecting Esenboga Airport to Ankara in Turkey 
(Figure 9).

    
Figure 9. Cable heating system on the Esenboğa Airport - Ankara road  

pavement, heating cable structure (Web Source 3 -2018, Web Source 4 2022)

2.2.4.	Preventing	Icing	on	Roads	with	Hydronic	(Geothermal)	Systems

In this type of systems, geothermal water extracted from underground 
by using a geothermal heat pump is given to a propylene glycol mixture by 
a heat exchanger and it is the systems that aim to prevent icing on the road 
surface by circulating in the pipes placed under the pavement. The reason for 
using propylene glycol is to lower the freezing point of water. Hydronic fluid 
circulates in polyethylene pipes placed under the pavement. These pipes have 
a diameter of 18 mm and are laid under the pavement at a distance of 300 
mm from each other. Coiled pipes are placed 75 mm below the road surface. 
The pavement thickness should be 200 mm. 16 heat pumps were used on a 
12×215m bridge deck in Oklahoma, USA, and it was calculated that these 
pumps would have a power consumption of 106 kW (Zhang et al. 2009). These 
types of systems are especially preferred for preventing icing on bridge decks. 
The schematic form of the geothermal heat pump technique is given in Figure 
10.The working structure of a hydronic (geothermal) system is as seen in 
Figure 11. 
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Figure 10. Geothermal heat pump technique (Tan 2015)

Figure 11. Structure of a hydronic (geothermal) anti-icing system (Liu et al. 2003)
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An important application of hydronic systems (SERSO) was carried out in 
1994 on a bridge in Switzerland. The project was initiated by the Bern Energy 
Administration, and Polydynamics Ltd. implemented. The purpose of the 
project: To store the heat that can exceed 60˚C on the asphalt bridge pavement 
in summer in underground heat sinks and to prevent icing on the bridge by 
making use of this heat during the frost season in winter. The heat circulates area 
is 1300 m2 in the pipes placed under the bridge. The underground heat sinks 
consist of 92 vertical boreholes with a depth of 65 m and a total capacity of 1.94 
million m3 of sandstone. Hydronic systems consist of connecting pipes between 
heat sinks and bridge decks, valves and mixing tanks. Approximately 20% of 
the solar radiation generated on the road surface in summer, corresponding 
to 150000 kWh, can be stored. 35% of this amount is lost, and the remaining 
amount is used to prevent icing on the bridge surface in winter. The project cost 
$3 million. Schematic form of the SERSO system was shown in Figure 12 (Web 
Site 5-2015).

Figure 12. SERSO Hydronic (Geothermal) system (Web Site 5-2015).

3. Conclusions

Combating icing is one of the most important problems not only for today 
but also since the early days of road transportation. Different methods are used to 
combat the icing problem on the highways. The most commonly used traditional 
methods are labor power, use of mechanical tools, and chemical methods. 
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However, these methods are both costly and noneffective methods. In addition 
to all these, chemical methods cause concerns on infrastructure, environment 
and all living things. For this reason, new methods known as active methods 
are both more cost effective and more environmentally friendly methods in the 
medium and long term. In the future, electrically conductive coatings, hydronic 
systems, etc. active methods will be used more widely in critical road sections, 
especially in areas such as bridges, tunnels, and cloverleaf intersections.
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1. Introduction

Today, the increase in the human population and the increasing workload 
have led to an increase in travel demands, which has led to the 
increasing need of today’s people for safer, faster, more comfortable, 

uninterrupted, and economical transportation systems all over the world. 
From past to present, combating snow and ice on the roads has become one 
of the issues that road pavement engineers deal with the most, and special 
administrations and machinery parks have been established in relation to 
this, especially in cold regions of countries. Two different main methods, 
active and passive, are used in the fight against snow and ice. Mechanical 
and chemical methods are known as passive methods. However, both of these 
methods can have some damage on both pavements, bridge decks and other 
carrier systems. De-icing chemicals used in winter damage asphalt pavements 
and the carrier systems of structures such as bridges or viaducts by causing 
corrosion.

Reinforcement corrosion, which starts due to the effect of chlorine, is one 
of the most important durability problems encountered in reinforced concrete 
structures. While there is a decrease in the diameter of the reinforcement as 
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a result of corrosion, the corrosion products that occur cause cracking in the 
concrete covers and increase the penetration and spread of harmful substances 
into the concrete (Broomfield 2003; Yıldırım and Sümer, 2007). The Marmara 
Earthquake that occurred in Turkey in 1999 clearly revealed the durability 
problems in the structures, and the corrosion cracks in the reinforced concrete 
structures became evident with the earthquake (Gürer et al. 2019).

Although the measures taken for traffic safety are indispensable in 
the seasons when snow and icing are effective, the effect of chlorine and 
mechanical wear on bridges is caused major problems. Due to the icing on 
the bridges during the winter months, the slip-friction coefficients decrease 
significantly, which jeopardizes traffic safety. Studies on this subject show that 
the decrease in frictional resistance increases traffic accidents (TNZ, 2005). 
Xiao et al. (2000) examined the relationship between skid resistance and traffic 
accidents and showed that when the skid resistance value of the road surface 
increased from 35% to 48%, traffic accidents decreased by 60%. Statistics 
show that bad weather is the main cause of 10 to 15% of all traffic accidents 
(Pan et al., 2014).

In order to eliminate the negative effects such as snow accumulation 
and icing on the road surface, physical and chemical control methods are 
traditionally applied after snowfall, and these methods are passive methods 
because they are applied after the air temperature drops to freezing temperature. 
The most effective method for snow-ice control is to use an active system that 
starts working before snow accumulation-icing occurs. An active system is all of 
the systems that are activated simultaneously with the problem. The “Automatic 
Anti-Icing Spray” system, a new chemical method developed to combat snow 
and ice, is a method that can receive the necessary information and intervene 
immediately with the help of an automatic ice stimulation system. An active 
system is all of the systems that are activated simultaneously with the problem. 
The “Automatic Anti-Icing Spray” system, a new chemical method developed 
to combat snow and ice, is a method that can receive the necessary information 
and intervene immediately with the help of an automatic ice stimulation system. 
Although the automatic anti-icing system can be applied to all road types, it is 
especially used in bridges, but it should not be forgotten that the chemicals used, 
even at an optimum level, damage the pavement and bridges and the damage 
to the environment. For safety conditions, importance should be given not only 
during the fight against snow and icing, but also the conditions after the fight. 
Today, researches on innovative methods are continuing to prevent the problems 
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caused by traditional methods in preventing icing with existing studies. One of 
them is the conductive asphalt concretes developed by Minsk in 1968 (Gürer 
2019).

2. Electrical Conductivity and Percolation Threshold

Objects that conduct electricity and heat are called conductive materials. 
Electrical conductivity is realized by “charge-bearing elements” of atomic 
dimensions within the material. These are electron or electron vacancies. For 
conductivity to be high, the resistivity must be low. Electrical conductivity 
occurs as a result of long-distance movements of charge carriers under the effect 
of the electric field applied to a conductive material. There are four different 
load carriers.

·	 Electrons
·	 Emitted cation
·	 Emitted anion
·	 Electron hole

In metals, free electrons are carriers of negative charge moving from the 
negative pole to the positive pole. In ionic conductivity, which is generally seen 
in liquid solutions, positively charged anions and negative cations (they are 
molecules or atoms, not electrons) move in the environment under the influence 
of electric field and provide conductivity. The unit charge carried by an electron 
is 1.6 x 10−19 Coulomb. (q = 1.6 x 10−19 C) The electron hole has +q charge. 
It is expressed by equation (2.1) according to Ohm’s law for a conductor with a 
cross-section of A (cm²) with a length of l (cm).

    V=I×R (2.1)
Here, voltage V(volt) and current A(ampere) are connected to each other 

by a proportionality coefficient R(Ω) and determines the conductivity of the 
medium. The resistivity is expressed by the equation 11 given below.

    lR
A

= r  (2.2)

ρ is a coefficient that varies with the environment. Its unit is Ω.m, l 
is the length of the conductor, its unit is m. The band gap energy, shown 
schematically in Figure 1, is used to classify materials as conductors, insulators 
and semiconductors. (Gürer 2019).
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Figure 1. Schematic energy bands in solids (Streetman and Banerjee 2016)

Conductors have a partially filled valence band and an empty conduction 
band. Since the conduction band is empty, electrons can move freely. There 
is also the case of overlapping bands in metals. In this structure, if there is 
an empty energy level lower than the energy level allocated to them, they 
first go there. Because of the overlap in this structure; Electrons in the upper 
part of the valence band, which is expected to be full, pass to the lower parts 
of the empty conduction band, so that electrons can move. Insulators have 
a completely filled valence band and an empty conduction band. However, 
the band gap in insulators is quite wide. Because; Since there is no electron 
transfer from the valence band to the conduction band, electron movement 
is not observed. The band properties in semiconductors are the same as in 
insulators, but the forbidden band gap is small. Due to the low forbidden 
energy gap, it is possible for electrons to move to the conduction band by 
taking sufficient energy from the outside. These electrons move within the 
conduction band, act as charge carriers and proceed along the polymer chain. 
Another feature of semiconductors is that they show insulator properties at 
absolute zero (Streetman and Banerjee 2016).

3. Percolation Threshold

Examples of percolation processes are penetration of liquids into a 
stationary porous phase, leakage of the liquid phase along a polycrystalline 
grain boundary, formation of polymer gels, electrical conductivity of 
impure semiconductors, and ferromagnetism. Percolation occurs when the 
concentration of a filler or pores reaches a certain critical level (percolation 
threshold), followed by a continuous network (links) of filler particles 
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(clusters) from one side of the material sample to the other. Percolation 
can be illustrated by the example of an electric current flowing through a 
two-dimensional square lattice of conductive and non-conductive elements. 
The metal terminals connected to a power source are soldered on the two 
opposite sides of the lattice. As seen in Figure 2, the circuit is closed at 
a certain critical concentration of randomly arranged conductive elements 
(Web Source 2018).

In the project study conducted by Gürer et al. (2019), it was observed that 
as the amount of conductive components increased, the number of conductive 
bridges increased, so the samples changed from insulating behavior to conductive 
behavior.

Figure 2. Percolation model image of electrical conductivity (Web Source 2018)

Figure 3 shows that electrical conductivity is a function of dust/fiber 
concentration and coupling and can be explained by percolation theory. 
Conductive powders form individual clumps in the section numbered 4. When a 
small amount of conductive fiber is added to the dense conductive powder matrix, 
the individual clumps come into contact with each other to form a conductive 
network, approaching the percolation threshold. Addition of fiber beyond the 
percolation threshold has a negligible effect on conductivity (Gopalakrishnan 
2015, Gürer and Gürgöze 2022). In Figure 4, percolation threshold and 
conductive network formation with mixed conductive components is shown 
schematically.
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Figure 3. Resistivity measurement showing that the addition of more than a certain 
amount of Carbon Fiber does not affect the conductivity more (Gürer and Gürgöze 2022)

The definition of processes such as sudden changes in the properties of the 
composite structure obtained by mixing different materials, such as conductivity 
and physical elasticity, after a certain critical point, can be made statistically 
successfully (consistent with the experiment) with the percolation threshold. 
The percolation threshold was first proposed by Flory and Stockmayer to 
explain how small molecules can form much larger molecules. It was discussed 
by Broadbent and Hammersley in 1957 for the mathematical modeling of fluid 
flow into a randomly porous medium.

Figure 4. Conductive network formation with percolation  
threshold and entangled conductive components  (Gopalakrishnan 2015) 
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Percolation threshold can be formulated most simply on a very large 
lattice with each point in either a full or empty state. Percolation theory includes 
two different main models: site percolation and bond percolation. In the site 
percolation model, each point on the lattice is treated as either filled with 
probability p or empty with probability (1-p), regardless of its neighbor. In other 
words, points on an infinite lattice are considered to be randomly occupied with 
probability p. That is, if p is very small, the number of unconnected clusters 
is large. If p increases slightly, the number of clusters and their average size 
increase. At a certain critical value, an infinite set begins to form, extending 
from one end of the system to the other. The p value in this state is called the 
threshold or critical value and is denoted by pc. In Figure 5, bond percolation 
stages are represented in a two-dimensional square mesh piece. In cases where 
the threshold value of P is less than pc, only a certain number of bonds are seen 
in the system. At the threshold pc, a cluster is formed that extends from one end 
of the system to the other. On the PC, the number of connections increases to 
very high values. 

Figure 5. Representation of bond percolation  
development in a square lattice (Dolaştır 2009)

The threshold value, the values that the pc takes for different systems, 
has been investigated by mathematicians and experimental working groups. 
The pc values vary according to the geometry of the mesh (square, honeycomb, 
diamond, cubic) and the mesh size (2D or 3D) (Dolaştır 2009).

4. Electrically Conductive Asphalt Concrete (CAC)

Conductive asphalt concrete (CAC), which is part of asphalt pavement 
heating systems, is a new technology in snow melting and de-icing. In this 
system, the road pavement is divided into heating modules of appropriate scale. 
The conductivity level varies according to the size of the divided modules and 
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the desired heat requirement. Generally, module sizes with a resistivity not 
exceeding 100 Ωm are preferred. 

This technique is based on (1) the similarity of the materials that will provide 
the conductivity to the materials that make up the asphalt and their limited effects 
on pavement performance (Minsk and Hanover, 1971); (2) the mains support 
the heat transfer system and (3) the CAC also has potential functions such as 
cathodic protection of reinforced concrete bridge carriers (Stratfull, 1974) and 
pavement damage monitoring, and etc (Wu et al., 2005). With its advantages, it 
is gaining importance day by day in the fight against icing.

A conductive asphalt de-icing system consists of a conductive coating 
mixture power supply, conductive cables carrying AC/DC power, sensors 
that measure weather conditions (humidity, temperature, wind speed, etc.) 
and a control-monitoring system (Minsk, 1968; Minsk and Hannover, 1971). 
Conventional asphalt mix is a mixture of bitumen, aggregate and mineral 
fillers, all of which are insulators. According to the basic theory of conductive 
composite polymer, CAC, which has a low resistance value, is activated by 
adding various forms of conductive dust (graphite, carbon powder, etc.) fibers 
and particles into asphalt concrete. Because the power supply cables and control 
systems for the anti-icing system are similar and common, the key is to obtain a 
conductive asphalt mixture that has both excellent conductivity and acceptable 
mechanical properties. Conductive materials including graphite, carbon powder, 
carbon fiber (CF) steel fiber (SF) steelwork slag are used for asphalt concrete to 
have low resistivity (Wu et al., 2002; Ahmedzade and Şengöz, 2009; Garcia et 
al., 2009) (Figure 6).

Figure 6. Various conductive components into the CAC mixture (Gürer 2015)

Conventional asphalt mixes contain coarse aggregate, fine aggregate, 
asphalt binder and mineral fillers. Due to the high resistivity of the components, 
conventional asphalt mixtures show insulating behavior with a resistivity value 
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of 108 - 1012 Ω.m (Wu et al. 2002). Literature searches indicate that even such 
insulators can be converted into conductors by adding conductive materials 
(lower than 10 Ω.m resistivity). Materials divided into three according to their 
particle size: (1) in powder form such as graphite, carbon black and aluminum 
burrs (Huang et al. 2009; Wen and Chung, 2004); (2) in the form of fibers such 
as carbon fiber CF, steel fiber (SF), steel wool, carbon nano fiber (CNF) (Garcı´a 
et al. 2009; Khattak et al 2013; Wu et al 2005); (3) they can be found in the form 
of steel slag as coarse and fine aggregates (partially or completely). Asphalt 
concrete modified with a single conductive material has some limitations 
and difficulties and may cause problems such as possibly some mechanical 
performance as well as increased cost of adding conductive material. However, 
researchers think that CACs prepared with combinations of different types of 
conductive materials will have adequate mechanical and electrical properties 
and will provide appropriate benefit/cost (Huang et al. 2009; Garcı’a et al. 
2009; Khattak et al. 2013; Gürer, 2015). Figure 7 shows the differences between 
conventional asphalt concrete and CAC components.

Figure 7. Differences between conventional  
asphalt concrete and CAC components (Gürer 2014).
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5. CAC Application Methods and Unit Cost

To ensure the workability of such systems, asphalt pavement or bridge 
deck is suggested to divide into some functional conductive modules with an 
optimum area, which is also difficult to select during the construction process 
(Gürer et al. 2019) (Figure 8). 

Figure 8. Structural application plans of electrically conductive asphalt concretes

This type of pavement should be used primarily on critical road sections 
such as bridge and tunnel sections, intersection sections, bus stops, hospital 
access roads, parking lots, shopping centers, etc. .Similarly, Rew et al. (2018) 
designed conductive asphalt concrete as a sandwich layer between fatigue 
resistant asphalt pavement and rut resistant asphalt pavement (Rew et al, 2018) 
(Figure 9).

Figure 9. Structural design of perpetual pavement containing  
electrically conductive asphalt layer (Rew et al. 2018)

According to Gürer et al. (2022), such type methods can be integrated 
with intelligent systems and used very effectively in the anti-icing. Schematic 
workflow of the intelligent anti-icing system was given in Figure 10 (Gürer et 
al. 2022).
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Figure 10. Schematic workflow of the intelligent anti-icing system (Gürer et al. 2022)

It has been reported that the installation cost of conductive asphalt concretes 
is 270.00 $/m2, and the operating costs are 0.02 $/m2 (Pan et al. 2015). Gürer 
et al. (2022) stated that the unit price of conventional asphalt is $27.30/ton and 
that of conductive asphalt concrete is $51.44/ton.

6. Conclusions

In this study, conductive asphalt concrete and how it can be used in anti-
icing were examined. The ever-increasing human population and the resulting 
increasing road traffic have necessitated the use of more effective methods 
in the fight against icing. Conductive asphalt concrete applications are also 
among these methods. CAC applications are considered as active methods as 
they prevent icing and snow accumulation before it starts. These methods are 
cost effective methods in the medium and long term. The use of CAC in icing 
prevention is also very important for the environment and human health, as it 
will reduce the use of chemicals and solutions. It is thought that such methods 
will be integrated with smart transportation systems in the future, especially 
with asphalt technologies that can charge electric vehicles.
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1. Introduction

The problems with contaminated sites and the relevant engineering 
solutions are equally challenging. Conventional cleanup methods such 
as pump-and-treat, excavate-and-backfill, and vacuum extraction at 

ambient temperature levels have primarily been used in an attempt to clean 
up these contaminated sites. However, the success in decontaminating these 
sites with conventional methods has been limited. The biggest drawback of the 
conventional methods is that they require a long time to achieve an acceptable 
level of removal efficiency. In the case of nuclear wastes, conventional methods 
are not useful at all. A number of well−developed innovative techniques have 
been introduced for in situ clean up, incorporating electrical heating in one form 
or another.

The new methods have concentrated in using in situ methods since they are 
the most cost effective way of clean up. Electrical heating, in particular, brings 
not only the cost effectiveness but also significant time savings. Vitrification 
technologies, both in situ and ex situ,  show great promise in reducing the volume 
of the hazardous wastes including nuclear waste, and in stabilizing the wastes 
by entrapping them into the glass matrix of the vitrified product. As a result, the 
vitrified product passes the toxicity test. Plasma vitrification technology appears 
to be promising in handling the nuclear waste problem.

 Over the years, a number of well-developed, theoretically sound techniques 
have been introduced. These methods have incorporated electrical heating in 
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one form or another. Some have appeared in the form of hybrid applications, 
i.e., electrical heating plus some other method.  The purpose of this writing 
is to provide a brief summary of these innovative emerging technologies.  
Particular emphasis will be given to in situ methods, such as dielectric heating 
(radio frequency and microwave heating), plasma heating (an onsite or off site 
method), in situ vitrification by joule heating (resistance heating), and a hybrid 
method called Dynamic Underground Stripping.

2. Effect of Heating on Soil

Elevating the temperature of a soil influences its properties, varying from 
temporary to permanent, depending on the treatment temperature (Mitchell, 
1981 and Joshi et al., 1994).  Thermal treatment has been applied to clayey 
soils for the purpose of stabilization and for making bricks since the ancient 
times (Mayne et al., 2000).  Since the development of geotechnical engineering, 
thermal modification of soils in-situ has been implemented on a few occasions 
(Irvine, 1930, Hill, 1934, Beles and Stanculaescu, 1958, Litvinov, 1960 and 
Fujii, 1971).  Historically, the use of heat treatment has been limited due to high 
operating costs (Mayne et al., 2000).  

Recent developments have resulted in fast innovations in all aspects of 
engineering.  As a result, thermal modification of soils as a soil improvement 
technique is being reconsidered (Tan et al., 2004, Mayne et al., 2000 and Abu-
Zreig et al., 2001). Studies by Tan et al. (2004) and Abu-Zreig et al. (2001) 
investigated the changes in some of the geotechnical properties of clayey soils 
upon heating at temperatures up to 400oC and 1000oC, respectively. Joshi et 
al. (1994) investigated the effect of heating on compressive strength of highly 
plastic clays for temperatures between 300oC and 700oC. 

Polat et. al (2012) have conducted a study in which the effect of heat 
treatment on initially compacted cylindrical soil samples was investigated for 
the temperatures ranging from room temperature to 1050oC. Comparisons of 
unconfined compressive strength values on the pre- and post-treated samples 
were primarily investigated. The effects of heating soil samples on the strength, 
volume-weight relationships, dry density, specific gravity and Atterberg limits 
were investigated and presented. Atterberg limits consist of liquid limit, plastic 
limit and plasticity index. All values gradually decreased and the soil has finally 
reached to the non-plastic state at 600oC, which is in agreement with findings of 
Tan et al. (2004) and Abu-Zreig et al. (2001).  This agreement means that heating 
permanently removes soil plasticity at a specific temperature whether the clay 
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is in compacted state or in powdered particle state. This specific temperature 
agrees with the dehydroxylation temperature.

Properties of soil samples showed significant changes upon heating. The 
underlying mechanism for the changes is the increasing loss of adsorbed water 
on clay particles up to a specific temperature value, i.e., 600oC for the samples 
tested, and commencement of partial sintering upon heating. 

Unconfined compressive strength of clay samples showed dramatic 
increase with increasing treatment temperature.  Samples tested had slight 
changes in their dry density values despite the efforts made during sample 
preparation. Because the dry density is an important factor in influencing the 
soil strength, test results are shown as a function of treatment temperature 
and dry density. As seen in Fig. 1, the unconfined strength of soil increases 
both with increasing density and treatment temperature. While the increase 
in the strength is gradual for temperatures up to 400oC, it suddenly rises 
at the treatment temperature of 600oC. The strength continued to increase 
beyond the treatment temperature of 600oC until the maximum treatment 
temperature of this study.  It is also quite notable that the effect of dry density 
on strength above 600oC is double the effect below 600oC. This is most 
likely because of establishment of permanent bonds between neighboring 
clay particles (increasing partial sintering), starting around this treatment 
temperature.
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Figure 1.  Effect of dry density and temperature on soil strength
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3. Dielectric Heating 

Dielectric Heating can be used to uniformly heat dielectric materials such 
as soils by means of radio-frequency (RF) energy generated by an RF generator. 
Dielectric heating is usually grouped into two categories: Radio Frequency 
Heating, and Microwave Heating. The frequency range for the former is from 10 
to 300 MHZ, and it is from 300 to 30,000 MHZ for the latter. Variations in these 
frequencies are not the only difference between these two heating methods. 
However, the frequency range must conform to the Federal Communications 
Commission (FCC) regulations for both methods. Respective characteristics of 
these two heating methods are different as well, i.e., generator, applicator, heat 
penetration, waveguide, etc. (Orfeuil, 1987). Basic principles will be discussed 
in the following pages as the needs arise. Orfeuil provides an equation to 
determine the effective penetration depth for dielectric heating (Equation 1). 

   
r

v

f
cd

eqp tan2
=  (1)

Where, d=effective depth of penetration (in. or mm), cv=wave propagation 
speed in a vacuum (1.81x1010 in./sec, or 4.6x1011 mm/sec), f=frequency (Hz), 
εr=relative permittivity (relative dielectric constant), and tanθ=material power factor.

The attraction of Dielectric Heating is its ability to develop heat inside the 
materials as opposed to conducting heating which heats the materials from the 
surface (Erickson, 1995). The heat can be applied and removed instantaneously. 
Erickson (1995) compares the effective penetration depth of the RF and 
microwave heating methods for a number of materials using Orfeuil’s equation. 
Some of these values are reproduced in Table 1 to demonstrate the effect of the 
frequency on the effective penetration depth. 

Table 1.  Effective Penetration Depth of Dielectric  
Heating for Selected Materials in inches, after Erickson (1995).

Material
Radio Frequency Microwave

13.5 MHz 40.5 MHz 2450 MHz 22125 MHz
Nylon 1,391 464 - -
Paper 696 232 3.8 0.4
Glass 4,464 1,488 - -
Polyethylene 686,979 228,993 1,549 171
PVC 6,956 2,319 15.3 1.7
Water 772 257 0.13 0.014
Wood (wet) 3,617 1,206 22 2
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As can be seen in Table 1, the effective penetration depth considerably 
decreases as the frequency increases.  This fact is very important in the sense 
that it reflects the capability of a particular dielectric method. It may also be the 
reason that “In situ Thermal Remediation by Microwave Energy” has not been 
applied. Furthermore, the relationship between the effective penetration depth 
and frequency can also be used to determine the operating frequency if a specific 
penetration depth is desired.

3.1.	Radio	Frequency	(RF)	Heating

RF energy has been applied to contaminated soils by two in situ methods. 
One method requires installing the electrodes on the surface of the soil. A number 
of individual electrodes can be connected to each other to achieve a greater 
effective heating area.  The most widely used method for environmental purposes 
requires embedding the electrodes into the soil. As the alternating current passes 
through the soil, a rapidly alternating electric field is established between the 
electrodes. This, in turn, forces the molecules within the soil to rapidly reverse 
direction, causing the molecular heating of the material. Kasevich et al. (1991) 
state the complex dielectric constant of the material as the fundamental electrical 
parameter. 

Orfeuil (1987) lists the advantages of RF heating as; 1) direct transfer 
of the energy to soil (faster transfer), 2) homogenous heating, 3) high power 
density and low thermal inertia (energy delivery is almost instantaneous) 4) 
high efficiency (50 to 60%), 5) high treatment quality, and 6) high heating 
rate (considerable time savings over conventional approaches). However, the 
fact that the initial setup cost of the technique is rather expensive can be a 
disadvantage.  

RF systems developed by KAI Technologies, Inc. and IIT Research 
Institute were evaluated by the EPA under the Superfund Innovative Technology 
Evaluation (SITE) Program at Kelly Air Force Base in San Antonio, TX (EPA, 
1994). Despite the fact that both methods use RF heating principles, they 
differ in application. IIT’s system is applicable for soils above the water table. 
The method involves using a set of perforated electrodes installed in vertical 
or horizontal holes predrilled into the soil. Vapor is collected through these 
perforated electrodes. A hood covers the entire heated area to collect the escaping 
gases until the work is done. A modified radio transmitter is the energy source 
of IIT’s method. The operating frequency is determined based on the dielectric 
properties of the soil, and the size of the area. 
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The first field application of IIT’s method was a pilot test program at Volk 
Field Air National Guard Base, Camp Douglas, Wisconsin (Dev and Downey, 
1988). The site was contaminated by petroleum hydrocarbons. The removal 
efficiency varied depending on the type of the hydrocarbon, ranged from 83% to 
99.9%. The maximum temperature recorded was 300oC. IIT kept improving the 
method. Another application was seen at Kelly Air Force Base in San Antonio, 
TX (EPA, 1994). The maximum temperature recorded in this site was 1000oC. 

KAI Technologies, Inc. has developed another, slightly different, RF 
heating method. The energy source of the method is an RF heating antenna or 
applicator which can apply the electromagnetic energy to the soil through single 
or multiple bore hole(s). RF energy is applied along with vacuuming through the 
predrilled extraction well(s). The antenna hole(s) can serve as extraction well(s) 
as well. Progressive heating of the soil in a radial direction from the antenna is 
achieved. According to an EPA (1994) demonstration bulletin, low to medium 
temperatures are achieved (100 to 150oC, up to 250oC).

The initial application of the KAI’s method targeted the contaminated areas 
where drummed nuclear wastes were stored (Kasevich et al., 1991). The method 
was evaluated by EPA under the Superfund Innovative Technology Evaluation 
(SITE) Program at Kelly Air Force Base in San Antonio, TX (EPA, 1994). The 
site was contaminated by petroleum hydrocarbons. The removal efficiency 
ranged between 29 to 42%, which was rather low compared to IIT’s method. 

3.2.	Microwave	Heating

As previously mentioned Microwave Heating is another form of dielectric 
heating. Due to the low penetration depth of the method, in situ applications 
are not available. Ex situ applications of the method are capable of stabilizing 
soils contaminated with noncombustible wastes and nuclear wastes by means 
of vitrification. The treatment of the nuclear wastes is the main concern most 
of the time. Ceramic-like wastes such as incinerated ash from nuclear wastes 
can be directly melted by microwave radiation (Komatsu et al., 1990). A typical 
setup involves 1) a microwave generator, usually a magnetron tube, to generate 
the energy, 2) a waveguide to transmit the generated energy, and 3) an isolated 
cavity to treat the contaminated soil.  The use of the cavity eliminates the need 
for electrodes (Shields, 1969). 

George et al. (1992) conclude based on a laboratory study that the chances 
of having incomplete combustion of the contaminated soil are remote due to 
the fact that microwave heating actually generates no combustion. During the 



THERMAL SOIL REMEDIATION TECHNIQUES      53

microwave energy delivery to the contaminated soil, high temperatures (1000oC 
to 2000oC) are achieved, causing vitrification. The final treated product is no 
longer an ordinary soil; rather it is very stable, much like a glass, material.

4. Plasma Heating

Plasma is the fourth state of matter, and it is obtained by ionizing a gas. The 
matter is dissociated into its positively charged ions and negatively charged free 
electrons in its plasma state. Plasma can be considered as an electrical conductor 
due to its ionized nature. Lightning is an example of plasma that occurs in nature 
(Erickson, 1995).  Jacob (1991) classifies the plasmas into two groups: Partially 
Ionized Plasmas and Almost Fully Ionized Plasmas. The former is the type used 
in current industrial applications, which is capable of generating temperatures of 
2,000 to 50,000oK (Orfeuil, 1987).

The benefit of using plasmas lies in the fact that dissociated ions and 
electrons associate when they encounter an obstacle in their traveling path, 
releasing all of the energy they absorbed when converting into the plasma 
state. Plasma is directed to the waste usually using a plasma torch. As soon as 
the plasma reaches the waste, it releases an enormous amount of energy that 
immediately incinerates the waste. The nature of the waste is not very important 
for the plasma technology to be effective.  Various applications exist in practice. 
Wright (1995) quotes the following uses; 1) reducing the volume of incinerator 
ashes (Japanese application), 2) converting asbestos into nonhazardous slag 
(French application), 3) destroying military wastes (German application), and 
4) processing metallurgical wastes (Swiss application).  

4.1.	Plasma	Generation

The first step is to find an appropriate gas to convert into its plasma state. 
According to Orfeuil (1987), the energy and the degree of ionization should 
increase as the temperature increases. He also states that the ionization potential 
of the gases determines the degree of ionization at a given temperature. EPA 
(1992) cites the usable gases as nitrogen, oxygen, noble gases, air, and mixtures 
of these gases; air is used in most applications since it is free. The second 
step is to select a generator that creates the energy necessary to dissociate the 
molecules of the selected gas. Two major categories exist: Arc-Plasma Generator 
and Electromagnetic Field Plasma Generators (EFPG). EFPGs are subdivided 
into three groups: the induction plasma generator which is the most commonly 
used generator type, the capacitive generator, and the microwave generator. The 
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application principles of each of these groups and subgroups differ, and can 
be found elsewhere, i.e., Orfeuil (1987). However, the main purpose of these 
methods is the same: to ionize the selected gas into its plasma state.

The last step is to direct the ionized gas to the waste. Using a plasma torch 
for this purpose is the most common way.  The plasma torch, mounted in a 
rotating reactor, incinerates the wastes that are fed to the tip of the plasma torch. 
Centrifugal force generated by the rotating action of the reactor prevents the 
waste and the molten material from flowing out of the reactor. Periodically, the 
incinerated material is let to fall to the slag chamber from which it is transferred 
to the containers (Eschenbach et al., 1989).

4.2.	In	Situ	Plasma	Vitrification

Mayne and Beaver (1996) of Georgia Tech recently carried out a series of 
laboratory tests to investigate the applicability of In Situ Plasma Vitrification 
(ISPV), a novel method which uses a plasma torch to heat the soil. The 
Georgia Tech team under the leadership of Louis J. Circeo also conducted a 
field demonstration at the Svannah River Site, Aiken, S.C., in December 1996 
(Bodamer, 1997). Mayne and Beaver’s study focused on the effect of soil 
mineralogy to determine the efficiency of ISPV and the artificial rock formation 
by ISPV. The soil types investigated were: clean natural quartz sand, clean 
crushed sand, very silty fine sand, and natural kaolinitic clay. 

In Georgia Tech’s studies, the torch is lowered to the bottom of a borehole, 
and power is fed to the plasma torch. Due to the application of the plasma 
temperatures to the soil, the soil literally melts into magma. The torch is elevated 
in the borehole as the soil is melt from bottom up. Consecutive cooling of the 
melt creates a variety of igneous rocks.  Mayne and Beaver’s (1996) conclusions 
on ISPV based on their laboratory study are summarized below:

1. The initial water content of the soil has no effect on vitrification.
2. The applied power level, power consumption, soil mineralogy, and 

relative ratio of borehole to torch diameter control the size and mass of the final 
product.

3. Sands are vitrified more easily than clays.
4. Soil mineralogy also controls the cooling rate of the molten soil, and 

types of rock produced by the vitrification process.
5. The compressive strengths and dynamic moduli of the treated soils 

increase considerably (two orders of magnitude with respect to the initial soil 
properties).
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6. Operating costs of ISPV are about 107 to 241 dollars per ton, depending 
on the soil type. 

ISPV can also be used to vitrify contaminated soils. When using ISPV 
to cleanup contaminants from soils, a hood is to be maintained over the site to 
facilitate the collection of any gases that escape from the treated soil. Although, 
no application or demonstration have been made for this purpose, ISPV should 
be a feasible technique for soil decontamination based on the success with other 
vitrification technologies as presented before. 

5. In Situ Vitrification by Joule Heating 

Joule heating is another form of electric heating which occurs due to 
the inherent resistance of the materials to the electric current. As the current 
flows through the material, it loses power in the form of heat. Battelle at Pacific 
Northwest Laboratory is the first agency to apply joule heating to soil (Process 
Engineering, 1987). The technique is known as In Situ Vitrification (ISV). ISV 
uses electric current to heat and vitrify soils in place. Battelle’s development 
goes as far back as 1980 to treat soils, sludge, sediments, and mine tailings 
contaminated with organic and inorganic contaminants (EPA, 1994).  

Organic contaminants are pyrolyzed (heated to decompose without 
oxygen) into simple gases, or extracted with the escaping vapor due to the 
extreme heat (Byers et al., 1991). The temperatures within the molten soil can 
be over 2000oC which is much higher than the melting point of the soil of 1100 
to 1400oC (EPA, 1992). Inorganic materials become a part of the soil. This 
existence of the inorganic materials within the vitrified soil mass posses no harm 
to the environment since the soil turns into a glass-like material with extremely 
low hydraulic conductivity values.  

Battelle’s ISV technology requires inserting four electrodes, one at each 
corner, into the contaminated area. The soil becomes less conductive as the 
moisture content decreases. Therefore, an external source is necessary to increase 
the conductivity of the soil. A mixture of flaked graphite and glass frit is spread 
over the surface of the contaminated area (between the electrodes). When the 
power is turned on, the electric current conducts through this mixture, and melts 
the surrounding area. Molten soils are conductive; therefore, the current, hence 
the melting, can progress downward from the surface.  A hood is maintained 
over the entire treated area to facilitate collecting and transferring any gases that 
escape from the heated soil. The treatment rate of the method is around 3 to 5 
tons per hour.
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A similar ISV method was developed by Geosafe Corporation of Richland, 
Washington. The EPA has evaluated the method under the SITE Program (EPA, 
1994). The hood used in this method is hexagonal as opposed to the rectangular 
shape of IIT’s. Geosafe’s ISV method can vitrify 4 to 6 tons of soil per hour. The 
electrodes used by the method are advanced into the ground as the molten soil 
grows downward, and finally cut off at the ground level when the procedure is 
completed. A volume reduction of 20 to 50% can be achieved by the technology 
(EPA, 1994). As a result of this, settlements on the surface appear.  As a final 
step, when the temperature of the treated soil returns to the ambient levels, the 
surface of the soil is backfilled with the clean site soil.  

6. Hybrid Methods 

Various innovative methods that combine one form of electrical heating 
with some other method(s) exist in practice. The possibilities for creative 
engineers are numerous. Two examples are presented below.

RF heating method has been used to enhance the performance of Soil 
Vapor Extraction (SVE) technologies. Volatile and semi-volatile organics can 
be removed with the help of RF heating as opposed to the conventional SVE 
method which can only be used to extract volatile organics. Current in situ 
applications of the RF technology utilize low to moderate temperatures (up to 
250oC) although over 1000oC is theoretically possible, which is enough to vitrify 
the soil along with wastes.

Yow et al. (1995) describe another innovative method called Dynamic 
Underground Stripping (DUS) to clean up a site which was contaminated by 
gasoline spills and presents the results of its first field test. The method consists 
of electrical resistance heating, in situ steam sweeping and liquid and vapor 
extracting. The site in which the study is performed is the Lawrence Livermore 
National Laboratory (LLNL) in Livermore, California. The site soil was 
heterogeneous material consisting of sand, gravel, and silt and clay layers. The 
soil was contaminated from an underground tank and pipe system at a depth of 
40m and leakage spread horizontally close to the ground surface.

Several clean up procedures were evaluated. Solution by pump and treat 
methods yielded to demand 200 years. Vacuum extraction at ambient temperatures 
would take several decades with a total cost of $25 million. Excavating and 
backfilling was not economical at a cost of $30 million. Therefore, a novel 
method Dynamic Underground Stripping sponsored by the U.S. department of 
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Energy’s Office of Technology Development was successfully implemented 
taking a little over a year including breaks during the procedure. The cost was 
$11 million or $72 to $84 per m3 ($60-70 per cubic yard).

DUS utilized four types of wells in order to achieve its purpose. Steam 
injection wells were positioned around the spill area; extraction wells were 
placed in the middle of the spill. Heating Wells were positioned around the 
spill and in the middle. The reason for this combination was to establish a net 
mass flow from the perimeter of the spill toward the extraction wells located in 
the middle. This was accomplished by managing the steam injection, electric 
heating, and fluid and vapor extraction in such a way that a pressure gradient 
always exists and forces the flow toward the center preventing any inadvertent 
lateral dispersal. The last type of well was monitoring wells. 

Post-testing sampling revealed that very little gasoline remained in the 
area, and that natural bioremediation had started. The method proved to be 
cost effective and promised fast remediation for soils contaminated with non-
aqueous-phase liquids. 

7. Conclusions

This writing has briefly evaluated the thermal soil remediation techniques; 
mostly utilizing electric heating methods and the following conclusions are 
drawn as summarized below:

·	 Elevating the temperature of a soil influences its properties, varying 
from temporary to permanent, depending on the treatment temperature. 

·	 Heating permanently removes soil plasticity at a specific temperature 
and creates permanent bonding among particles due to initiation of sintering. 

·	 Innovative solutions techniques help reduce the cleanup time and the 
cost while conventional solution techniques require a long time with high cost.  

·	 The cost associated with a particular electrical heating method increases 
as the maximum temperature achieved with the method. Higher removal 
efficiency with higher temperatures of that particular method will balance the 
increase in cost. 

·	 Due to volume reduction with in situ vitrification technologies, 
significant surface settlements are evident. On the other hand, the engineering 
properties of the vitrified soils improve considerably. 

·	 In Situ Plasma Vitrification and Plasma Heating are very promising in 
reducing the volume the radioactive wastes and stabilizing them.
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·	 The penetration depth of microwave energy is low due to high frequency 
of microwave energy. Therefore; in situ applications of microwave heating are 
not feasible in the foreseeable future. 

·	 Hybrid applications may be comprised two or more of the conventional 
and electrical heating methods. These methods can be combined such that the 
best cost and time effective solutions can be developed. Therefore, hybrid 
application is considered to be the best candidate for soil decontamination.
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1. Introduction

Nowadays, The Internet of Things (IoT) is one of the hottest technologies 
in the age of digital innovation that connects everything to the Internet. 
It is the core technology behind smart homes, Industry 4.0, self-driving 

cars, smart health care, smart utility meters, and smart cities. So, it is the next 
big challenge for the research community. A key part of IoT is wireless sensor 
networks (WSN) where a group of sensors (things) connects together to form 
a big network for monitoring the physical conditions of the environment and 
sending the collected data to a central location. The main advantage of WSN is 
the ability to cover a large area and collecting data from a huge number of sensors. 
The main aim of WSN is to monitor physical or environmental conditions, such as 
temperature, sound, vibration, pressure, or motion, and to cooperatively passing 
data through the network to a central node or a sink where the data can be stored 
and processed (Matin & Islam, 2012). This sink node acts as an interface between 
the user and the network. Where the user can retrieve the required data from the 
network by applying queries on the sink node (Dumka et al., 2019). Generally, a 
wireless sensor network consists of hundreds or thousands of sensor nodes. The 
sensor nodes communicate among themselves using wireless signals. Each node is 
equipped with a sensing unit, power supply, processing unit, and radio transceivers 
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(Matin & Islam, 2012). Also, each node is significantly resource-constrained, they 
have limited processing speed, storage capacity, and communication bandwidth. 
Wireless sensor networks became popular due to their flexibility to solve problems 
in different areas of application and the ability to change our lives in several 
ways. WSNs have been successfully applied in various application domains 
such: military applications, area monitoring, transportation, health applications, 
environmental sensing, structural monitoring, industrial monitoring, and the 
agricultural sector. This large number of applications of WSN guides to a huge 
number of connected sensors and if we need to access each sensor with its own IP 
address the IPv4 will not be able to cover all connected sensors. Therefore using 
IP addresses and especially IPv6 in WSN seems to be unavoidable to keep up with 
current and future standards and ensure access to each sensor in the network. A 
special type of WSN is IPv6 over Low -Power Wireless Personal Area Networks 
(6LoWPAN), that connects more things/sensors to cloud by special router called 
edge router, as the mesh network of sensors connects to the internet by edge router. 
And it is a great option for IoT since it has many advantages that make it a modern 
solution to implement IPv6 based IOT in our real lives. As its full name denotes 
“IPv6 over Low-Power Wireless Personal Area Networks” 6LoWPAN enables all 
the capabilities of IPv6 on a very constraint node and allows IPv6 packets to be 
carried efficiently within small link-layer frames, such as those defined by IEEE 
802.15.4.  (6LoWPAN demystified - texas instruments 2019). The 6LoWPAN 
concept originated from the idea that “The internet protocol could and should be 
applied even to the smallest devices” (Mulligan, 2007).  And these low-power 
devices with limited processing capabilities should be able to take a part in IoT. As 
a new technology 6LoWPAN gets a lot of research attention. This paper outlines 
the protocol stacks of the 6LoWPAN network and summarizes its set of protocols, 
standards and used technologies after that leads the way to network design and 
simulation using Cooja simulator and Contiki OS.

2. General Information 

2.1.	Wireless	Sensor	Networks	(WSNs)

WSN is a set of nodes used to monitor a specific physical or chemical 
event (such as heat, humidity, vibration, light, etc.) and transmit information 
wirelessly to the data-processing center without the need for human presence in 
the location (Matin & Islam, 2012). WSN usually consists of a large number of 
small sensor nodes. The task of each node is to perform some simple operations 
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on the collected data and communicate with the close nodes (Akyildiz et al., 
2002). The sensor nodes are usually deployed extensively on a large scale and 
communicate with each other via wireless connections. The control nodes 
process the data collected from the sensor nodes and collect control commands 
for the sensor nodes. A special type of control node called base station is used 
to connect the sensor network to a larger network (Akyildiz et al., 2002). The 
sensor nodes usually spread randomly, and then they form a wireless sensor 
network in a manner intended for specific tasks. Figure 1.1 shows the general 
structure of WSN.

Figure 1.1. The general structure of WSN

2.2.	Sensor	Node

Since one WSN can consist of hundreds or thousands of sensor nodes, 
the cost of a single node and the amount of energy consumed per node is a key 
factor in node design (Qing et al., 2006). As Figure 1.2 shows, the sensor node 
also known as a mote consists of the following components:

1. Sensors: One or more sensing components to sense the environmental 
conditions (for example temperature, humidity, light, pressure, etc.). Sensors are 
hardware devices that produce a measurable response to a change in a physical 
condition (Vieira et al., 2006). The continuous analog signal produced by the 
sensors is converted by an analog to digital converter and sent to the processing 
unit for further processing.

2. Power Source: Since the power source is usually limited, all other 
components must operate at low power. Since the wireless sensor node is often 
placed in a hard-to-reach place, regularly changing the battery can be costly and 
ineffective (Qing et al., 2006). An important aspect of developing a wireless 
sensor node is ensuring that there is always sufficient power to operate the 
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system. The sensor node consumes energy for sensors, communication, and data 
processing. More power is required for communication than any other process 
(Anastasi et al., 2009). The rechargeable and non-rechargeable batteries are the 
main source of power supplies for the sensor nodes.

3. Processing unit: Processing unit or controller performs tasks, 
processes data, and controls the functionality of other components in the 
sensor node. A microcontroller is often used in sensor nodes because of its 
low cost, flexibility to connect to other devices, ease of programming, and low 
power consumption.

4. Communication unit: The communication unit is a radio transceiver 
with an internal antenna or an external antenna. The nodes need to use wireless 
connections to communicate with each other. The node mainly sends two types 
of data: (1) sensor data collected from the environment; (2) Control data such as 
wireless network protocols. This data is included in “Packets” according to the 
network protocol.

5. Memory: From an energy/cost perspective, the most used types of 
memory are on-chip memory of the microcontroller or flash memory. Flash 
memories are used because of their low cost and storage capacity. Memory 
requirements are largely dependent on the application requirements. There are 
two categories of memory based on the purpose of storage: (1) user memory 
used to store application or personal data, (2) program memory used to program 
the device, and store the device drivers. 

Figure 1.2. The components of a sensor node
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2.3.	Sensor	Node	and	Edge	Router	Hardware

In this section , we present some of most used node hardware in WSN and 
6LoWPAN networks like TolesB, Zolertia Z1, and CC2650 sensorTag

2.3.1. TelosB

MEMSIC’s TelosB Mote (TELOSB datasheet - willow) is an open-source 
platform designed to enable cutting-edge experimentation for the research 
community. The TelosB gathers all the basics for lab studies into a single 
platform including USB programming capability, an IEEE 802.15.4 radio with 
integrated antenna, a low-power MCU with extended memory, and an optional 
sensor set. Figure 1.3 shows TelosB mote.

Figure 1.3. TelosB mote

Block diagram that shows the main modules integrated in TelosB mote is 
given in Figure 1.4.

Figure 1.4. TelosB block diagram
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2.3.2.	Zolertia	Z1

Z1 by Zolertia (Zolertia Z1 datasheet) shown in Figure 1.5 is a low-power 
WSN module that serves as a general-purpose development platform for WSN 
developers and researchers.

Figure 1.5. Zolertia Z1 mote 

The Z1 is a low power wireless module compliant with IEEE 802.15.4 
and Zigbee protocols intended to help WSN developers to test and deploy their 
own applications (Zolertia Z1 datasheet). Z1’s architecture is based on the 
MSP430+CC2420 family of microcontrollers and radio transceivers by Texas 
Instruments.

The main features of Z1 mote (Zolertia Z1 datasheet):
- Expansion connector: 52 pin
- ISM band: 2.4 GHz
- Battery: 2X AA batteries
- User interface:  Micro USB
- Microcontroller: 16 MHz 2nd generation MSP430™
- Temperature sensor: TI ZIG001 industrial range digital temperature and 

humidity sensor
- Optional external antenna: U.FL connector
Figure 1.6 illustrates the block diagram with the main modules of Z1 mote.
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Figure 1.6. Zolertia Z1 Block diagram

2.3.3.	SimpleLink	Multi-Standard	CC2650	SensorTag

Texas Instrument’s SensorTag includes 10 low-power sensors in a small 
package and is expandable with SimpleLink SensorTag Debugger DevPack that 
makes it easy to add new sensors or programming the sensorTag. The SensorTag 
is based on the low-power and high-performance CC2650 wireless MCU, which 
offers 75% lower power consumption than other Bluetooth Smart products (Multi-
standard CC2650 sensortag design guide - texas instruments). This rate of power 
consumption lets the SensorTag use battery power and offers years of battery life 
from a single coin cell battery (Multi-standard CC2650 sensortag design guide 
- texas instruments). The SensorTag can be enabled with ZigBee / 6LoWPAN 
technology. Figure 1.7 shows the sensorTag where Figure 1.8 shows the DevPack 
which used to connect sensorTag via USB and flash the program on it. 

Figure 1.7. CC2650 SensorTag
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Figure 1.8. SimpleLink SensorTag Debugger DevPack

Figure 1.9 presents the block diagram of sensorTag SimpleLink Multi-
Standard CC2650 SensorTag, the sensorTag contains several sensors that allow 
us to measure different environmental variables with microphone, leads, and 
two pushbuttons.

Figure 1.9. SimpleLink SensorTag Block Diagram

The main features of CC2650 SimpleLink SensorTag (Multi-standard 
CC2650 sensortag design guide - texas instruments):

- Cloud Connectivity 
- Supports Multi-Standard Wireless MCU (Bluetooth , ZigBee, 

6LoWPAN)
- Low Power
- Supports 10 Low-Power Sensors: Ambient Light, Infrared Temperature, 

Ambient Temperature, 3 Axis accelerometer, Gyroscope, Magnetometer, 
Pressure, Humidity, Microphone, and Magnetic Sensor.
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- Based on the Extremely Low-Power and High-Performance ARM® 
Cortex®-M3 CC2650 Wireless MCU

- Battery: Coin cell
- User interface:  SimpleLink SensorTag Debugger DevPack
- Flash memory:512 KB
- Ram: 32 KB

2.3.4.	SAKER	6LoWPAN	IoT	Gateway

SAKER 6LoWPAN IoT gateway (6LoWPAN Gateway Saker - 
WEPTECH) works as an edge router for 6LoWPAN networks, and it is used 
to connect a mesh network of nodes to the Internet. SAKER uses NAT64 
transition to allow any IPv6 addressed node to connect to IPv4 addressed 
servers. Thus sensor data from the mesh network can be transmitted to servers 
located anywhere on the Internet. The hardware is based on an ARM®Cortex® 
- M3 SoC by Texas Instruments (CC2538) with 512kB Flash and 32kB RAM. 
This chip also provides an 802.15.4 compliant radio interface in different 
bands. 10BASE-T Ethernet interface is used to connect to the Internet. The 
software for this device is based on Contiki OS (6LoWPAN Gateway Saker - 
WEPTECH).

Figure 1.10. SAKER 6LoWPAN IoT Gateway

The main features of SAKER 6LoWPAN IoT Gateway (6LoWPAN 
Gateway Saker - WEPTECH):
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- 3GPP licensed technology.
- Powerful Microcontroller with AES and SHA Encryption Engine with 

512kB Flash, 32kB RAM.
- Dual-band Operation: 2.4 GHz or 868 / 915MHz. 
- Tabletop / Wall-Mount Enclosure 
- Internal Antennas (U.FL optional) 
- 10BASE-T Ethernet  
- Serial Interface and firmware update via USB  
- Perfect as a Development Platform 
-  Plug-and-Play NAT64 
- Power Supply via USB Micro Connector

2.4.	IPv6

IPv4 is represented in a 32-bit format, divided into four sections 
represented by the decimal number system. The number of IPs that can be 
represented according to this version can be calculated - in theory - by raising 
2 to the power of 32 to produce 4294967296, this means we have this number 
of Internet users that we cannot exceed. In practice, this number will decrease 
after reserving domains for private IP addresses (a range of IP allocated to 
internal networks) and after the subnetting process. The increase in the number 
of users and the existence of new technologies such as wireless sensor networks 
and the Internet of Things has led to real problems as the number of IPs that can 
be represented by IPv4 is no longer sufficient to address all users and things 
connected to the Internet. To solve this problem a new version of IP has been 
released, which is IPv6. This version consists of 128 bits, and you can imagine 
how many IPs can be addressed by this version.IPv6 is expected to spread all 
over the world in 2025, and some countries have already begun using it (Kim 
et al., 2017).

2.4.1.	IPv6	Advantages	

IPv6 has many advantages, including (Gnana Jayanthi & Albert Rabara, 
2010):

1. It provides more flexibility due to a large number of IPs.
2. Increasing the speed and effectiveness of the router in dealing 

with routing tables, as IPv6 has a structure that speeds up dealing with the  
router.



STUDY ON WSN & 6LOWPAN PROTOCOLS, HARDWARE AND SIMULATION     71

3. Not being bound by the place, as IPv6 will not depend on where you are, 
but will be with you wherever you go. The huge number of addresses provided 
by IPv6 enables us to give a fixed address to each device/user. 

4. Getting rid of some of the technologies used in the old version, such as 
subnets and the concept of classes. 

5. Dealing with IPv6 is very easy for a normal user, as most of the settings 
will be set up automatically and the user will not even need to know its IP 
address, and this may explain to us why IPv6 was represented by the hexadecimal 
system.

2.4.2.	IPv6	Structure

IPv4 consists of four parts separated by a point (.) and each part contains 8 
bits and is represented by the decimal system. IPv4 address is divided into two 
parts: the network address and the host address. (e.g., 192.168.1102).

IPv6 consists of eight parts separated by two vertical points (:) and each 
part consist of 16 bits represented in the hexadecimal system and also divided 
into two parts: Network Prefix and Local Interface ID (e.g., 2001: 0db8: 34cd: 
0012: 0000: 0000: 00A9: 1234).

In IPv6 structure Figure 1.11, the first four sections represent the Network 
Prefix and the last four sections are for Local interface ID.

Figure 1.11. IPv6 Structure

2.5.	Wireless	Personal	Area	Network	(WPAN)

WPAN is a wireless network used to transfer data between multiple 
terminals, such as a personal computer, tablet, smartphone, or embedded 
devices. The personal network can communicate with the Internet, where one 
of the nodes plays the role of the portal that connects it with the outside world. 
Usually, the wireless personal area network uses some technology that allows 
communications in small areas, and the used technology is Bluetooth, which is 
used as a basis for setting a new standard IEEE 802.15. The main concept of 
WPAN is that when two devices are within close range (within several meters 
of each other) they can communicate with each other as if they are connected 
by cable. Another important feature is the ability of each device to communicate 
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with other devices selectively and to prevent unauthorized access to information. 
For further understanding of PAN location between other types of area networks, 
Figure 1.12 shows the difference between area networks types.

Figure 1.12. Different Area Networks

3. 6LOWPAN Protocol Stack

3.1.	IPv6	over	Low	Power	Wireless	Personal	Area	Networks

6LoWPAN protocol has been created to provide IP addresses to the smallest 
resource-limited nodes used in WSN and IoT (Hong et al., 2010). The 6LoWPAN 
standard is open source, so everyone could use and implement. As its name 
refers 6LoWPAN is an acronym that represents IPV6 over low power WPANs. 
The purpose of 6LoWPAN is to provide IP communication over low power radio 
communication systems for devices that have power, cost, and space limitation 
and do not need high bandwidth network services (Shelby & Bormann, 2009). 
The main advantage of 6LoWPAN is that the simplest sensors can be addressed by 
IP and act as a network device over 3G/4G/LTE/Wi-Fi/Ethernet routers. Another 
advantage is that IPV6 provides a significant number of unique addresses of 2^128 
or 3.4x10^38 (Weber & Liang Cheng, 2004).  6LoWPAN makes it possible for 
embedded systems to access the internet using 802.15.4 interfaces, as long as nodes 
implement the TCP/IP network (Shelby & Bormann, 2009). The contents of the 
packet are separated into parts and transmitted to transport units, also the network 
and transport headers are compressed to reduce the transmission load (Shelby & 
Bormann, 2009). 6LoWPAN protocol structure is almost the same as the normal IP 
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protocol structure. The main difference is that 6LoWPAN supports IPv6. Because 
of that new adaptation layer called 6LoWPAN adaptation layer, which will enable 
IPv6 operation over IEEE 802.15.4, has been defined (Li & Sun, 2015). In practice, 
for 6LoWPAN in embedded devices, 6LoWPAN adaptation layer and IPv6 are 
applied together. Thus, these two layers are shown as an alternative to the network 
layer. The most common transport protocol used with 6LoWPAN is UDP, which 
can also be compressed with the 6LoWPAN format. TCP is generally not used in 
6LoWPAN due to its performance, efficiency, and complex structure.

3.2.	6LoWPAN	Network	Architecture

6LoWPAN network consists of many nodes or motes connect to each other 
to form a mesh network. The mesh network connects to the Internet by edge 
router. The edge router performs two main operations:

1. Exchange data between 6LoWPAN network and the Internet
2. Exchange data locally between 6LoWPAN nodes
6LoWPAN network could connect to other IP networks via one or more 

edge routers. Some edge routers can support IPv6 translation to connect 
6LoWPAN networks to IPv4 networks, such as NAT64. And this does not 
require the 6LoWPAN nodes to implement IPv4. The other device type used in 
6LoWPAN network topology is node or mote. As there are many types of nodes 
that measure some of the physical or chemical variables in the environment and 
communicate with each other to form the network structure. The main goal of 
each node is to send the collected data and information to the edge router. Figure 
2.1 shows the network topology.

Figure 2.1. 6LoWPAN Network Structure
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3.3.	Advantages	of	6LoWPAN	Communication	Protocol

6LoWPAN has many advantages which made it a promising technology to 
be used in many applications. Some of 6LoWPAN advantages:

- Minimal use of code and memory
- End-to-end internet integration
- Multiple topology options
- Long battery life (up to 1000 days)
- High data capacity
- Wide coverage area (about 75m)
- Low power requirement 
- Low cost requirement

3.4.	6LoWPAN	Protocol	Stack

The basic concept of the 6LoWPAN stack is shown in Figure 2.2, as we 
can see that 6LoWPAN protocol structure is almost the same as the normal IP 
protocol structure. The main difference is that 6LoWPAN supports IPv6. A new 
adaptation layer called 6LoWPAN adaptation layer is defined to enable IPv6 
operation over IEEE 802.15.4. (Li & Sun, 2015).

Figure 2.2. 6LoWPAN Protocol Stack

In the following sections, the main layers and protocols in 6LoWPAN 
protocol stack are explained.

3.4.1.	Application	Layer

The application layer is the last layer that deals directly with the user or 
different applications. 6LoWPAN could use two protocols in this layer: CoAP 
and MQTT.
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3.4.1.1.	CoAP	Protocol

Constrained Application Protocol (CoAP) is a protocol for transmitting 
Internet materials over the web. Since CoAP is designed to work on devices 
with limited resources this protocol is suitable for 6LoWPAN. The main goal of 
CoAP protocol design is to find an alternative method for HTTP (Kovatsch et al., 
2011). Where HTTP protocol was not designed for resource-limited devices and 
it is too complex to be handled in resource-limited devices (Min & Lee, 2019). 
COAP protocol was designed to be simple so that resource-limited devices can 
use it as an alternative to HTTP, which could make it one of the most important 
protocols used in the Internet of Things.

While HTTP uses TCP, CoAP uses UDP for data transport; CoAP defines 
four types of messages, which are (Betzler et al., 2016): 

- Confirmable message (message that requires a response)
- Non-Confirmable message (message that does not require a response)
- Acknowledgment message (to acknowledge a message) 
- Reset message (to indicate that the received message cannot be 

processed). 
Since it is suitable for devices with limited resources, some 6LoWPAN 

networks use CoAP protocol in the application layer. Figure 2.3 shows a simple 
presentation of CoAP protocol architecture.

Figure 2.3. CoAP protocol architecture

3.4.1.2. MQTT Protocol

The Message Queuing Telemetry Transport (MQTT) protocol is one of the 
most widespread and reliable IoT protocols. The simple design and lightness 
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of this protocol have made it a suitable solution for embedded devices with 
both limited and unlimited resources (Hunkeler et al., 2008). MQTT protocol 
offers benefits that reduce power consumption and bandwidth, and these two 
factors are very important in IoT and 6LoWPAN devices. MQTT is a message 
transfer protocol between a client and a Server in a publish/subscribe model. It 
is a light protocol, open-source, and designed to be easily implemented. MQTT 
is specifically designed for the context of IoT applications in resource-limited 
environments (Hunkeler et al., 2008).

The MQTT protocol has three main components: 
- Broker: The broker is responsible for managing the network of clients 

who are a mix of publishers and subscribers.
- Publisher: The publisher is the device that sends messages to the broker. 

These messages are titled by topics.
- Subscriber: The subscriber is the device that listens to a specific topic.
There is no direct connection between the subscriber and the publisher. 

Rather, the subscriber simply informs the broker that it is interested in a specific 
topic and the broker will then send messages to the subscribers when messages 
become available. The publisher/subscriber model is completely different from 
the request/response model which is used HTTP protocol, and this allows one-
to-many transfer mode. In Figure 2.4 we can see an example of the relationship 
between broker, publishers, and subscribers.

Figure 2.4. MQTT protocol architecture 

The topic can be considered as a tag for each message, the topic can be 
single-layer or multi-level, each layer separated by (/) and this allows a good 
logical division of data. (For example: house/livingroom/sensors/temp). 
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Each device that wishes to receive messages on a particular topic needs 
to “subscribe” to this topic by informing the broker. Subscription can be on a 
specific topic that has a certain pattern. Wildcards (+ and #) can be used in the 
topic pattern. The “+” wildcard means subscribing to all topics in the current 
layer.   Example: “house / + / sensors / temp” This means Subscription in all 
rooms temperature sensors. The “#” wildcard means subscribing to all topics in 
the current layer and subsequent layers.  Example: “rooms / livingroom / #” This 
means subscribing to all sensors related to the living room. 

The MQTT protocol is designed for resource-limited environments, 
especially the network access resource, so there are options in the protocol for 
message communication between the broker and the client. QoS or Quality of 
Service in this protocol has 3 options (Shinho Lee et al., 2013):

- Level 0 (QoS = 0): The message is delivered once in the best cases. This 
means that if the subscriber does not receive the message, the broker will not 
send it again, as the broker does not expect to confirm the acknowledgment by 
the subscriber about the arrival of the message.

- Level 1 (QoS = 1): deliver the message at least once. This means that the 
broker continues to send the message until the subscriber receives the message 
and sends a confirmation that it has received this acknowledgment. This may 
lead to delivering the message more than one time to the subscriber.

- Level 2 (QoS = 2): one-time delivery of the message is required. This 
means that the message must be delivered once and without repetition to the 
subscriber.

But what if the subscriber was offline? Will messages are lost or will 
subscriber get it when it goes online again? It depends on the settings. If the 
settings are set so that the connection begins with a clean session, the broker 
will ignore old messages and start a new session, while if this feature is disabled, 
the server will send the accumulated messages with QoS = 1 and QoS = 2 to 
subscribers that occurred during the offline period.

3.4.2.	Transport	Layer

The transport layer is concerned with the functions of connection-oriented 
communication, reliability, flow control, and multiplexing. The most common 
transport protocol used with 6LoWPAN is UDP, which can be compressed 
with the 6LoWPAN format. TCP is generally not used in 6LoWPAN due to its 
performance, efficiency, and complex structure.
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3.4.2.1.	UDP	Protocol

User Data Protocol (UDP) is the main member of the Internet Protocol 
Group. Applications can use the UDP protocol to transmit messages (Datagram) 
to other devices on an IP network, without the need to establish an initial 
connection (Bishop et al., 2005). UDP is a protocol that allows the transfer of 
data between devices such as TCP with some fundamental differences in terms 
of delivery method, information validity, connection speed, and possible loss. 
UDP divides the message to be sent into units called (datagram), and that is the 
main difference between TCP and UDP, Where the receiver address is added to 
each datagram. While TCP opens a direct connection to the other party and then 
sends the data (Bishop et al., 2005). In UDP each datagram is independent. Each 
datagram may take a different path to the receiver. During data transmission, 
an error may occur that changes the value of one or more bits. Here, the TCP 
protocol provides a guarantee that the transmitted data are completely correct 
and if an error occurs, it retransmits until it is correct. While UDP does not give 
us any guarantee because this protocol aims to deliver the required message 
quickly. UDP depends on the method of CONNECTIONLESS, which does not 
secure a direct connection between the sender and the receiver, while TCP is 
based on the CONNECTION-ORIENTED method, which completely blocks 
the communication line between the sender and the receiver. Data transmission 
using UDP is faster because UDP does not validate the transmitted data. Since 
data validation needs to send more information and increases the volume of data 
sent and leads to an increase in the time spent in transmission.

3.4.3.	Network	Layer

The network layer is an abstract layer located above the data link layer and 
under the transport layer, this layer is responsible for routing, logical addressing 
and data packet formation, the data units in this layer are called data packets. 
6LoWPAN uses RPL protocol as a routing protocol.

3.4.3.1.	RPL

Routing Protocol for Low power and Lossy Networks (RPL) was developed 
and published as (RFC6550) (Winter et al., 1970). RPL is a distance vector 
routing protocol, where the routing process is based on Destination Oriented 
Acyclic Graphs or DODAG, where RPL constructs the routes in periodic 
intervals to forms a tree-like routing structure or DODAG (Bisen & Matthew, 
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2018). RPL is developed for IoT networks and it is completely responsible for 
6LoWPAN network topology. RPL manages the access of the network from the 
outside and the communication of the nodes with each other inside the network. 
Before going deeper into RPL and how these DODAGs are formed, we should 
know some basic terms and concepts, which will help us to better understand 
this protocol.

- Directed Acyclic Graph (DAG): As its name refers DAG is a graph 
that contains no cycle. DAG must have at least one root node and all paths must 
end on this root node (Kijsirikul & Ussivakul). Figure 2.5 shows an example of 
DAG. 

Figure 2.5. DAG example

- Destination Oriented DAG (DODAG):  DODAG is a special kind of 
Directed Acyclic Graph (DAG) where all nodes want to reach a single destination 
(the root of the graph). As we can see in Figure 2.6 DODAG is a DAG with a 
single root.

Figure 2.6. DODAG example



80    INTERDISCIPLINARY ENGINEERING SCIENCES

- Objective Function (OF): It is a function used to measure the distance 
between a node and the root and decide whether this node is near to the root or 
far from the root. OF translates one or more metrics (delay, Latency, link quality, 
energy, hop count, etc.) into rank for each node (Qasem et al., 2015). RPL has 
many objective functions that can be used while construction of the DODAG 
like objective function zero (OF0) and congestion aware objective function.

- Rank: Rank is the output of the objective function, where each node has 
a rank that determines its distance from the root. Every node selects a neighbor 
as its parent based on an objective function that combines one or more routing 
metrics into a rank.

- GOAL:  It is where a DODAG wants to reach, it can be a wired network 
or wireless router. In 6LoWPAN case, the DODAG goal is to reach the edge router.

- Grounded DODAG: after a DODAG reaches its goal, it is called 
Grounded DODAG.

- Floating: When a DODAG isn’t connected or has not reached his goal 
yet, it is called Floating DODAG. Figure 2.7 shows the difference between 
grounded and floating DODAG.

Figure 2.7. Floating and Grounded DODAG

3.4.3.2.	RPL	Control	Messages

While creating DODAG, RPL uses 4 types of control messages (Kim et 
al., 2017):

- DODAG Information Object (DIO): This message is multicasted 
downwards. A given node In a DODAG may multicast this message, which 
lets other nodes know about its configurations and rank, it is like saying to the 
other nodes “if you are interested to join me, please let me know”. The DIO 
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message is used to discover new nodes, transmit configuration parameters, 
and communicate (Kim et al., 2017). For example, if a node received a DIO 
message from a neighbor node, it also sends a DIO message to its neighbor 
nodes, considering the new rank value and new link metrics. In this way, the 
parent-child relationship is also determined. When a node determines the parent 
node, it tries to choose the node with the most ideal rank value according to 
the objective function. The rank value is checked every time a DIO message is 
received, and if it receives a DIO message with more suitable values, it sets it as 
the new parent node.

- DODAG Information Solicitation (DIS): When the node is not 
included in any DODAG and no advertisement is heard from its neighbors, the 
node sends a DIS message, for that it wants to know if any DODAG exists. So 
the message which it sends is Like “Is there any DODAG?”. DIS message can 
be considered as a message to discover neighbors. If a node is not included in 
the DODAG network it broadcasts a DIS message to discover its neighbors. 

- DODAG Advertisement Object (DAO): This message is a request 
sent from child node to parent or root. This message is like “let me join to 
the DODAG”. The DAO message is casted upward throughout DODAG. This 
process goes up to the top through DODAG until the root node.

- DAO-ACK: It is a response sent by a root or parent to the child after 
receiving the child’s DAO message, this response can either be a Yes or No.

Figure 2.8 shows the different type of messages used in RPL.

Figure 2.8. RPL Control Messages
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RPL nodes can run in two modes:  Non-Storing mode or Storing mode. In 
storing mode, each node holds its own routing table and can send unicast DAO 
messages to a chosen parent node. In non-storing mode, nodes do not hold their 
routing table and send unicast DAO messages to the root node only.

3.4.3.3.	RPL	DODAG	Construction	Example

For further understanding of DODAG and RPL control messages let us 
suppose there are 5 nodes (A to E), where A is the root node as shown in Figure 
2.9. RPL construct the DODAG by the following steps:

1. A multicasts DIO messages. Figure 2.9 (a).
2. The other nodes ( B,C,D and E) upon receiving the DIO messages they 

come to know that their distances from A are 1,1,3,4 respectively. Figure 2.9 (a).
3. Then B, C, D, and E send DAO messages to A. Figure 2.9 (b).
4. A accepts them by replying with DAO –ACK. Figure 2.9 (c).

Figure 2.9. DODAG Construction Example

5. Now we have a DODAG with 5 nodes. Another round of control 
messages begins, and it starts with the nearest nodes to the root. Since B & C 
have a rank of 1, they start sending DIO messages. Figure 2.10 (d).

6. D receives DIO messages and knows that its distance from B & C is 1 
& 2 respectively. Figure 2.10 (d).

7. In the same way, E receives these DIOs, and knows that its distance 
from B & C is 2 & 1 respectively. Figure 2.10 (d).
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8. Since D is closer to B and E is closer to C, D Sends DAO to B, and E 
sends DAO to C. Figure 2.10 (e).

9. To finalize the DODAG construction, B sends a DAO-Ack to D, and C 
sends a DAO-Ack to E. Figure 2.10 (f).

Figure 2.10. DODAG Construction Example

3.4.4.	6LoWPAN	Adaptation	Layer

All protocols use their own type of adaptation layer to send data over MAC 
and physical layers. For example, RFC 2464 describes how an IPv6 packet is 
embedded in an Ethernet frame for IEEE 802.11 Wi-Fi. Similarly in 6LoWPAN, 
RFC 6282 describes how the IPv6 data frame is embedded in the IEEE 802.15.4 
radio interface (Shelby & Bormann, 2009). Since the IEEE802.15.4 standard 
uses small packets, it is not appropriate to use IPv6, so some adaptation processes 
are required.

6LoWPAN adaptation layer has 3 main functions: 
1- Header Compression  
2- Fragmentation and Reassembly 
3- Routing

3.4.4.1.	Header	Compression

Header compression is one of the most important features of the 6loWPAN 
standard. This feature makes it possible to transmit TCP/UDP packets at low 
cost over IPv6 protocol. We can define Header Compression as the process of 
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compressing excess protocol headers before transmitting them on a link and 
uncompressing them to their original state on reception at the other end of the 
link. The standard RFC 4944 defines two different levels of compression: HC1 
and HC2. However, these proposed methods are considered insufficient to be 
used in 6loWPAN networks because of their high cost in terms of power and 
memory consumption. As we can see in Figure 2.11 the maximum transmission 
unit (MTU) of IEEE 802.15.4 is 127 bytes, where 23 bytes are for link-layer 
header, 21 bytes are for security header, 5 bytes are for fragment header, 2 bytes 
are for page information. Data transmission and top layer headers are represented 
by 76 bytes as 40 bytes for IPv6 header, 8 bytes for UDP header, and 28 bytes 
for payload.

Figure 2.11. IEEE 802.15.4 frame

Figure 2.12. IPv6 header
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These header compression operations are carried out in the adaptation 
layer of the 6LoPWAN protocol stack. Various compression techniques 
are used. HC1, HC1g, HC2, and IPHC are some IPv6 header compression 
techniques. Compressed headers can be derived from the main header in other 
layers. When a compressed header frame reaches its destination node, it is 
reproduced (decompressed) by the adaptation layer. HC1 is the first IPv6 header 
compression technique proposed for 6LoWPAN (Huiqin & Yongqiang, 2010). 
Instead of 40 Bytes of IPv6 header, 2 bytes are used.  Figure 2.12 shows the IPv6 
header structure where:

- Version: Represents the version of IP protocol, it is always 6 in 
6LoWPAN.

- Traffic class: Holds the differentiated services (DS) and explicit 
congestion notification (ECN), it is always zeros in 6LoWPAN.

- Flow label: An identifier of a flow of packets between a source and 
destination. The special flow label 0 means the packet does not belong to any 
flow (6LoWPAN uses this scheme).

- Payload length: To identify the size of the payload, it can be inferred 
from MAC layer.

-  Next header: Specifies the type of the next header. It can be UDP, TCP, 
or ICMP, so using 2 bits is enough.

- Hope limit: This value is reduced by one at each forwarding node, and 
the packet is discarded if its value becomes 0. It is mandatory not to compress the 
hop limit field, and it always needs to be carried inline (Montenegro et al., 2007).

- Source and Destination address: They are link-local (that is, the IPv6 
interface identifier can be inferred from source and destination address present 
in MAC layer).

Figure 2.13. HC1 header

The compressed HC1 header is shown in Figure 2.13, where:
- Dispatch header is used to identify the header type, in this case, its value 

is 01000010.
- SA and DA state how to transmit the source and destination addresses.
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- TF refers to the compression of the traffic class and flow label.
- NH or next header shows which protocol to use (TCP, UDP, ICMP).
- HC2 refers to situations where HC2 header should be used after HC1 

header. Where HC2 is a compression technique similar to HC1 but it used for 
UDP header.

While HC1 can compress address headers for link-local addresses, it cannot 
compress global addresses. As we can see in Figure 2.13, the compression of 
global addresses could save 32 bytes. Moreover, communication with global 
addresses provides full capabilities of the IPv6 protocol adoption to 6LoWPAN, 
such as end-to-end communication across different 6LoWPANs and external IP 
networks (Montenegro et al., 2007).

 Since HC1 does not support global address compression, a global 
address compression technique called HC1g (Header Compression of global 
address) has been developed. This technique assigns a 64-bit public address 
prefix to 6LoWPAN networks. When either source or destination address 
matches this assigned 64-bit value, it can be elided (Montenegro et al., 2007). 
Another header compression method is IPHC (Internet Protocol Header 
Compression), IPHC is a better approach for unicast and multicast. And it 
can be used for local and global IPv6 addresses. It can be considered as an 
improvement of HC1. IPHC extends the applicability of header compression 
to support communication to nodes inside and outside the 6LoWPAN network 
(global address), multicast communication, and both mesh-under and route-
over configurations (Higuera & Polo, 2010). Unlike HC1 in IPHC it is not 
mandatory to carry inline the hop limit field. A mechanism is specified to 
compress traffic and flow label in case they are not null fields. Figure 2.14 
shows the IPHC header format, and Table 2.1 explains each field in the 
header.

Figure 2.14. IPHC header
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Table 2.1. Description of IPHC header fields

Field Length Description

Dispatch header 3 bits Dispatch header is used to identify the header type, in 
this case its value is 011.

TF 2 bits Specifies compression options for the Traffic Class and 
Flow Label fields.

NH 1 bit Next header compression using NHC or not.
HLIM 2 bits Hop Limit compression options
CID 1 bit Context Identifier Extension (CIE). If this bit is 

1 this means there are 8-bit CIE field after DAM 
(Destination Address Mode) field.

SAC 1 bit Source Address Compression.
SAM 2 bits Source Address Mode. SAM is used with SAC to 

determine the source address compression type.
M 1 bit Multicast Compression. This bit determines whether 

the destination address is a multicast address or not.
DAC 1 bit Destination Address Compression.
DAM 2 bits Destination Address Mode. DAM is used with DAC to 

determine the destination address compression type.

3.4.4.2.	Fragmentation	and	Reassembly

The smallest packet size of IPv6 is 1280 bytes, but the maximum packet size 
for IEEE 802.15.4 is 127 bytes, Figure 2.11. Due to the size of IPv6 packets, there 
is a need for fragmentation, transmitting, and then reassembling. When the IPv6 
load carrying capacity is exceeded, the 6LoWPAN fragmentation mechanism 
is used. The packets are broken up repeatedly, and header information is added 
to each packet to reassemble the packets in the correct sequence at the end. 
The adaptation layer on the receiver side performs the reassembly process. The 
packets are checked once they reach the destination, and if there are errors, they 
are rejected and transmitted again. If there is no error, packets are forwarded to 
the next layer (Hummen et al., 2013). When data packets are reassembled, the 
additional header information is deleted and the packets are returned to their 
original IPv6 format. The sequence of fragmentation/reassembly is different 
based on what kind of route is used. In mesh-under routing, packets are 
reassembled at their final destination only, and in route-over routing, packets are 
reassembled throughout the hop. So in a router-over routing, each hop should 
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have enough resources to store all the fragments. While in mesh-under routing, 
the network traffic is made faster because all the packets are transmitted faster. 
Fragmentation and reassembly should be avoided as long as possible because it 
has a negative effect on the battery life of the device (Roebuck, 2011).

3.4.4.3.	Routing

Although routing seems to be a task of the network layer, the adaptation 
layer also deals with the routing process. 6LoWPAN networks have two types 
of routing: Mesh-Under routing where mac addresses (802.15.4 MAC) are used, 
and Route-Over routing where IP addresses are used.

- Mesh-Under networks
In mesh-under networks, the only router is the edge router. Mesh-under 

networks are best suited for small and local networks. In this type of network, 
Mac layer addresses are used for routing. The router needs four addresses: source 
address, destination address, current router address, and next router address. 
Source and destination MAC addresses in the packet’s 802.15.4 frame indicate 
the current router and the next router, respectively.

- Route-Over networks
In Route-Over networks, each node could act as a router. This provides the 

basis for larger and more powerful networks. Router calculates the best way for 
packets to be sent in multi-hub networks. As a result of these calculations, the 
router keeps a table of the best routes for the next destination. When a packet 
arrives to the router, the link layer is removed and the best path for the next node 
is checked according to the routing table. Then the router shows itself as source 
address of the packet and forwards the packet to the same destination. Source and 
destination IP addresses remain unchanged (Chowdhury et al., 2009). The most 
commonly used protocol for route-over 6LoWPAN networks is RPL protocol. 
RPL supports two routing modes; storing mode and non-storing mode. In storing 
mode, all devices on the 6LoWPAN network are configured as routers that store 
a routing table and a neighboring table (Weigel et al., 2014). The routing table 
is used to search for paths to the devices, and the neighbor table contains the 
direct neighbors of the node. In non-storing mode, only the edge router contains 
routing table, where source routing is used. Source routing means that the packet 
includes the full route that it needs to reach its destination. For example, when 
sending data from one device to another on the same 6LoWPAN network, the 
data is sent from the source device to the edge router (data may pass through 
multi nodes to reach to the edge router), then the edge router performs a search 
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on its routing table, and adds a full route to the destination in the packet before 
resending it. Storing mode needs more requirements on devices that function as 
routers where the device must have resources to store the routing and neighbor 
tables while using non-storing mode increases the number of hops the packet 
should pass through them before reaching its destination. Figure 2.15 shows 
mesh-under and route-over routing.

Figure 2.15. Mesh-under and Route-over routing

As an example of route-over routing with storing mode, let’s suppose that 
there are two distant nodes A and B in IEEE 802.15.4 network, and node A 
wants to send data to node B. 

First, node A creates a mesh address header, with its link-layer address as 
a source address and node B’s link-layer address as a destination address. Node 
A chooses node C as router for the next node according to the routing table. 
Then node A puts its link-layer address as source address and link-layer address 
of node C as destination address in the IEEE 802.15.4 MAC header. At this 
point, the result frame’s mesh address header contains the source address (A) 
and destination address (B), while 802.15.4 Mac header contains (A) as source 
address and (C) as destination address. As we can see in Figure 2.16. 

After node C receives the packet and checks the mesh address header. 
Since node B is the final destination, node C will retransmit the packet again. 
To forward the packet, node C uses its link-layer address as source address and 
the link-layer address of the next node as destination address in 802.15.4 Mac 
header. This process continues until the packet is forwarded to node B.
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Figure 2.16. Route-over example

3.4.5.	Data	Link	Layer	and	Physical	Layer

Wireless sensor networks (WSN) collect environmental information 
to provide detection, processing, and communication capabilities from many 
sensors. WSNs help for data collection in distant locations where environmental 
conditions are difficult, such networks can only survive as much as the battery 
capacity of their components. Due to the difficulty of charging the battery in these 
conditions, the availability of a sensor depends on the initial battery capacity 
and energy consumption efficiency. Therefore, the life of a battery is a primary 
consideration in many WSNs. The physical layer is responsible for signal 
detection, turning on and off radio sender and receiver, determining modulation 
techniques, sending and receiving data. So the physical layer has a direct effect 
on power consumption. IEEE workgroups developed many standards for wired 
and wireless communication like 802.3 for wired communications, 802.11 for 
wireless local area networks (WLANs), and 802.15 for wireless personal area 
networks (WPANs) (Shi et al., 2007). IEEE 802.15.4 defines the physical and 
media access layer of wireless networks developed for low power, generally 
battery-powered devices, low cost, and low-speed devices. Protocols such as 
ZigBee, WirelessHart, and 6LoWPAN use the 802.15.4 standard; 802.15.4 
first appeared in 2003 and continues to be developed until now. As mentioned 
above physical layer has a direct effect on power consumption. Lower Power 
can be achieved by designing the physical layer according to the needs of the 
application. Top layers (MAC and Network) need some information from the 
physical layer when deciding which channel to use. If the selected channel is 
not currently available, other empty channels are recommended by the physical 
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layer. If there are channels that will not have efficient communication, the 
physical layer prevents the selection of these channels and ensures that the correct 
channel is selected. Since one of the most important aims of IEEE 802.15.4 is 
to save energy, it is important to keep the radio switched off when there is no 
transmission. The physical layer is also concerned with turning the radio on and 
off at the hardware level. IEEE 802.15.4 media access layer (MAC) provides 
the link between the top layers and the physical layer. The MAC layer also deals 
with channel access, frame validation, connection management, security, and 
synchronization of connected nodes. As shown in Table 2.3 and Figure 2.17 
there are 3 different frequencies used in IEEE802.15.4 (Hersent et al., 2012):

- 868.3 MHz 1 channel, 20 kbps in Europe
- 902-928 MHz 10 channels, 40 kbps in the USA
- 2,4 GHz 16 channels, 250 worldwide

Table 2.3. Description of IPHC header fields

IEEE standard Used in Band
802.11 WiFi 802.11, 802.11b, 802.118, 802.11n : ISM 

802.11a : U-NII
802.15.1 Bluetooth ISM 2.4 GHz
802.15.4 ZigBee, 6LoWPAN ISM 2.4 GHz worldwide ISM 

902-928 MHz USA 
868.3 MHz European countries 

802.16 Wireless Metropolitan 
Access Networks 
Broadband Wireless 
Access (BWA) WiMax

802.16: 10-66 GHz 802.16a: 2-11 GHz 
802.16e: 2-11 GIlz for fixed/2-6 011z for 
mobile

Figure 2.17. IEEE 802.15.4 frequency ranges
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3.5.	WSN	and	6LOWPAN	Operating	Systems	and	Simulation	Tools

As discussed above, in general, the devices used in 6LoWPAN and WSN 
are resource-limited. Because of those lots of constraint arises when we want to 
operate these devices. IoT OSs provide good solutions to those constraints. The 
main idea of the internet of things is connectivity between the web and sensor-
based tiny devices on a system. An IoT OS is an embedded operating system that 
is designed to operate within constraints that are common in resource-limited 
devices, including constraints on memory, size, and power and processing 
capacity to enable these devices to transfer data between each other or over the 
internet (Zikria et al., 2018).

It is very important to choose the right tool for testing, analyzing, and 
evaluating 6LoWPAN or WNS networks. Real tests offer a better option for 
learning about network behavior, but testing on real hardware is expensive, 
time-consuming, and very difficult to debug. Therefore, simulators are good 
alternatives that provide efficient, cheap, time-limited, and easy tools. TinyOS 
and Contiki OS are a great way to test 6LoWPAN networks because they are 
widely used, support 6LoWPAN protocol stack and IoT and open source. As we 
can see in Figure 2.21, many operating systems and simulators support WSNs 
and 6LoWPAN such as TOSSIM, Cooja, MATLAB, ns2, ns-3, TinyOS, Contiki 
OS, Prowler, OPNET and OMNET ++. A brief review of some operating systems 
and simulators used by researchers is given in Table 2.4 (Farooq & Kunz, 2011).

Table 2.4. Operating systems and simulators for WSN and 6LoWPAN networks

Features OS Platforms License 
NS-2 Real time simulator Linux, 

Windows 
C++ GPL 

NS-3 Open environment 
for researchers 

Linux 
windows 

C++, Python GPL 

OMNeT++ Less power 
consumption 

Windows C++ Commercial, 
Academic 

MATLAB Numerical 
computation, 
Visualization 

Windows, 
Linux, 
macOS 

C,C++,Java, 
Python 

Open-source 

Contiki Real time simulator  VMware, 
Linux

C Open Source 

TOSSIM Easy to monitor 
packet traffic 

Windows NesC, C++, 
python 

Open-source 
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Figure 2.21. Operating systems and simulators for WSN and 6LoWPAN networks

3.5.1. Contiki OS

Contiki is an embedded open-source operating system developed in C 
language for low power wireless devices with limited resources to be used in IoT. 
Contiki was first introduced by Adam Dunkels and his team in 2002 (Dunkels 
et al.). This improved operating system easily adapts with many hardware, to 
enable communication on devices with very low RAM and ROM. Contiki can 
also provide communication over IPv4 and IPv6. Contiki operating system is 
designed for low power consumption systems that are expected to operate for 
a very long time with battery. Contiki operating system also has information 
mechanisms that can give information about power consumption (Lajara et al., 
2010).

As shown in Figure 2.22, after download Contiki OS we can find the 
following folders:

- Doc: This folder contains some documents data for developers.
- Apps: This folder contains some application libraries. These application 

libraries are generally used by the applications in the examples directory. It also 
contains Contiki applications that can run directly.

- Examples: This folder contains some sample applications. These 
examples can be tested and developed easily.
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- Core: This folder contains the kernel codes of Contiki operating system. 
It contains subdirectories of different layers of the system. 

- CPU: This folder contains the controller files for the Micro-controller or 
chip which will run Contiki OS.

- Tools: this folder contains specific tools to be used in Contiki OS and 
application development. Cooja, the Contiki network simulator described in the 
next section, is also included in this directory.

Figure 2.22. Contiki OS folders

Operating systems usually work on thread model, this means processes 
run in threads. Each thread uses a certain space of memory (Dunkels et al.). As 
the number of threads increases, the available memory space decreases. Also, 
the required memory space for a thread cannot be known in advance. This type 
of structure is not efficient for devices with limited resources like IoT devices. 
That’s why Contiki operating system processes run within the kernel by following 
an event-based model, not thread model. Contiki operating system is divided 
into four main components as kernel, program loader, resource libraries, and 
processes. The kernel is compiled in binary and loaded into the device memory. 
Programs are installed by the communication stack or the program installer. We 
can consider Contiki kernel as an event timer that calls events based on running 
processes (Lajara et al., 2010). There are two types of events supported by the 
Contiki kernel: 

- Synchronous events: They are the events that are transferred to target 
processes without waiting in the queue.

- Asynchronous events: They are the events that wait in the queue to be 
transferred to the target processes.

Figure 2.23 shows the block diagram of the Contiki OS architecture, 
while Figure 2.24 shows how Contik’s components loaded to RAM and ROM 
memories of a node device.



STUDY ON WSN & 6LOWPAN PROTOCOLS, HARDWARE AND SIMULATION     95

Figure 2.23.Contiki OS block diagram

Figure 2.24. Contiki OS components on RAM and ROM

Each software developed in the Contiki operating system is compiled for 
only one type of platform or hardware. The platform’s drivers define how the 
developed application will behave in real hardware. For example, an application 
developed in the MSP430 emulator is compiled specifically according to the 
MSP430 processor architecture, and this compiled file can only work on that 
emulator or device. If a platform is not included in the platforms offered with 
Contiki OS, the relevant platform could be defined in Contiki OS and related 
drivers could be installed.
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3.5.2.	Cooja	Simulator

Cooja is a java based simulator and it is considered to be one of the most 
important tools of Contiki operating system. Cooja developed as open-source 
simulator, where users can develop the application by adding additional modules 
according to their requirements. Cooja supports a lot of hardware and new 
hardware can be added also. Thanks to its highly flexible structure, Cooja can be 
operated in different ways by changing the radio environment, node equipment, 
and input and output elements (Kugler et al., 2013).   A simulated node in Cooja 
simulator has three features; data memory, node type, and hardware environment 
units. One node type can be shared among multiple nodes, and then all nodes 
will have common characteristics of this node type. In other words, nodes of 
the same type can run the same program. However, nodes differ from each 
other during simulation due to various input and output operations. Cooja can 
run the compiled version of programs developed in the Contiki OS directly or 
on emulators. Another important feature of Cooja that it supports plugins. For 
example, users can add a java application as a plugin to enable nodes movement 
in the environment according to predetermined rules during the simulation. With 
this flexibility of the simulation environment, scenarios suitable for a realistic 
environment can be realized. 

Figure 2.25. Cooja Simulator
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4. Simulation of 6LoWPAN Network and RPL Protocol Using Cooja

As mentioned above, Cooja is an important tool provided by Contiki OS 
and it is one of the best simulators support 6LoWPAN. This section explains 
in detail how to simulate 6LoWPAN network and RPL protocol using Cooja 
simulator.

To start using Cooja simulator we need to download the last version of 
Contiki OS from Contiki official website (The open source operating system for 
the internet of things) and use Oracle VirtualBox to run it. Figure 3.1 shows the 
home directory of Contiki OS. 

Figure 3.1. Contiki OS on virtual machine

To open Cooja simulator we need to run the command “ant run” in bath 
/home/user/contiki/tools/cooja. Figure 3.2 shows the general view of Cooja 
simulator, where the default view contains the following windows:

- Network: This Window is used to add motes and network elements to 
the simulator environment.

- Simulation control: This window is used to run, pause, stop, and reload 
the simulation.

- Notes: This window is used to write notes about any stage of the 
simulation.

- Mote output: This window displays the outputs of motes during the 
simulation.

- Timeline: This window views reading, writing, sending, and receiving 
events during the simulation.
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Figure 3.2. General view of Cooja simulator

After creating a new simulation from the file menu, we need to add motes 
to the simulation. Cooja supports a lot of node types like MicaZ mote, Eth1120, 
Trxeb1120, Exp2420, Z1 mote, Sky mote, ESB mote, etc. If required mote type 
is not included in the platforms offered with Contiki OS, the relevant platform 
could be defined in Contiki OS and related drivers could be installed. In this 
example, we will use Sky mote since this type of mote support 6LoWPAN. 

To create the 6LoWPAN topology we will add one border router to connect 
our 6LoWPAN mesh network to other networks. In this example we will use the 
following file to define the border router code: /home/user/contiki/examples/
ipv6/rpl-border-router/border-router.c.

Then we will add 10 sensor motes to act as UDP sender. In this example we 
will use the following file to define the sensor mote code: /home/user/contiki-3.0/
examples/ipv6/rpl-collect/udp-sender.c. Figure 3.3 shows the network topology 
after adding these motes.

Figure 3.3. Network Topology of 11 motes
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After running the simulation we need to listen to the border router port. 
As we can see in Figure 3.4 the system is listening to serial socket server port 
60001.

Figure 3.4. Listening to port 60001

To connect to the border router we have to run the “Make connect-router-
cooja” command. After that, we can open the border router IPv6 on the browser 
to check its routes and routing table as shown in Figure 3.5.

Figure 3.5. Routing table of border router

One of most important features in Cooja simulator is the Collect view. 
Where the source motes send their sensor, network, power, and other node 
properties to the border router or sink node. Then we can graphically view all this 
compiled data. Figure 3.6 gives us a better understanding of how RPL protocol 
worked in the simulation, this Figure shows the sensor map or DODAG of the 
network topology. As we can see in the graph ETX (Expected Transmission 
Count) increases as the depth of node increases. ETX of the first-level nodes 



100    INTERDISCIPLINARY ENGINEERING SCIENCES

(nodes 2, 3, 4, and 5) is 16. While ETX of the second level nodes (nodes 6,7,8,9, 
and 10) is 32. Lastly, ETX of the third level node (nodes 11) is 48.

Figure 3.6. Sensor map – RPL DODAG

Figure 3.7 shows the number of received packets per node.

Figure 3.7. Received packets per node

As discussed earlier, the objective function (OF) is a function used to 
measure the rank of each node to let a child node decide which node to choose as 
a parent node. OF translates one or more variables (delay, Latency, link quality, 
energy, hop count, etc.) into a routing metric. This example uses OF0 as an 
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objective function. Of0 translates 2 metrics into a routing metric which are ETX 
and hop count. Figure 3.8 (a) shows the routing metric of node 2, while Figure 
3.8 (b) shows the routing metric of node 6. Figure 3.9 shows the hop count of 
each node.

Figure 3.8. Routing metric of nodes 2 and 6

Figure 3.9. The hop count of each node

Since nodes have limited power and they normally work on battery the 
power consumption is very important in 6LoWPAN networks. Cooja simulator 
provides many tools to analyze the power consumption of each node during 
the simulation like average power consumption, radio duty cycle, instantaneous 
power, and power history. Figure 3.10 shows the average power consumption of 
each node in the network.    
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Figure 3.10. Average power consumption of each node

As we can see in Figure 3.11, in node info page of collect view we can find 
a table contains some important information of each node in the simulation like 
number of received packets, number of lost packets, hop count, ETX, routing 
metric, beacon interval, CPU power, LPM power, listen power, transmit power, 
and others.

Figure 3.11. Node information table

Finally, the 6LoWPAN packet analyzer is a very useful tool to display all 
transmitted packets during the simulation. For example Figure 3.12 shows the 
content of a DIO message sent from node 7 to node 4.
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Figure 3.12. Packets analyzer
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1. Introduction

In parallel with the developments in the field of technology, the increase in the 
available information in many fields increases the computational complexity 
of a particular task and also causes an increase in the human workforce 

(Došilović et al., 2018). In recent years, the development of intelligent software 
that can think and make decisions like humans have been an important research 
topic in many areas. The importance of artificial intelligence technology, which 
is included in these smart software, is increasing day by day (Li et al., 2018; 
Samek & Müller, 2019; Buiten, 2019; Liu et al., 2021). Artificial intelligence is 
a computational science that makes programming based on human intelligence 
to achieve a certain goal (McCarthy, 2007). The concept of artificial intelligence 
was first introduced in 1956 by scientists who predicted that machines could think 
like humans, and then studies were carried out for the development of artificial 
intelligence (Zhang & Lu, 2021). Artificial intelligence is a set of systems that 
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adopt human intelligence to perform specific tasks and perform tasks related to 
mental processes (Wang et al., 2020). Therefore, artificial intelligence (AI) is 
smart software that allows any workload that a human can do to be done faster 
and helps people’s decision-making processes in many areas.

Today, with the development of technology, the increase in the amount 
of data and the growth in computational power accordingly increase the 
importance of artificial intelligence. Data is the most important element for 
artificial intelligence to provide more efficient and successful results than 
humans (Haefner et al., 2021). The amount of data is important for the 
training and testing of artificial intelligence. Therefore, the large amount of 
data leads to the successful implementation of artificial intelligence solutions. 
For this reason, artificial intelligence-supported applications reduce human 
labor costs and have become a necessity in many intelligent application areas 
such as text processing, voice processing, image processing, data processing, 
big data analytics, cyber security, and autonomous driving systems (Sekaran 
et al., 2020; Bardou et al., 2018; Zhang & Dahu, 2019; Zhang et al., 2018; 
Bag et al., 2021; Zeadally et al., 2020; Namatherdhala et al., 2022; Zhang & 
Lu, 2021).

In recent years, different architectures based on artificial intelligence 
have been developed and studies have been carried out in many different areas 
by using these architectures. You only look once (Yolo) algorithm, which is 
included in these architectures and has shown great success in many areas in 
recent years, is preferred in many application areas by offering a new approach 
for object detection. Yolo is a regression-based algorithm that has shown 
outstanding success in the fields of object detection based on a convolutional 
neural network (CNN). Thanks to this algorithm, any image is passed through 
the neural network at once and the coordinates and classes of all objects in 
the image are determined. This algorithm determines the location of objects by 
dividing an input image given to the network into grids with a certain S×S size 
and also includes the region where the objects are located in a bounding box. 
The bounding box is determined depending on the threshold value of the grids 
(Redmon et al., 2016).

However, the most important difference that distinguishes the Yolo 
algorithm from other architectures is that it has superior success in real-time 
applications as well. For this reason, in object detection applications, both 
faster and more accurate results are obtained compared to other architectures. 
Figure 1 shows the basic working principle of the network structure of the 
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Yolo algorithm, which detects the coordinates and classes of the objects in an 
image.

Figure 1: The working principle of the network  
structure of the Yolo algorithm (Redmon et al., 2016)

In this network structure, output predictions are produced by passing an 
image given as input through a convolutional neural network that determines 
the bounding box and the class probability map. Each bounding box consists 
of a grid cell with x and y coordinates, width (w) and height (h) values of the 
entire image, and the confidence estimate value by Intersection over Union 
(IoU) between the predicted box and any baseline truth box. Therefore, the Yolo 
algorithm detects the objects in the image together with their coordinates at the 
same time (Redmon et al., 2016; Sang et al., 2018).

Therefore, in this study, Yolo-v2 (Redmon & Farhadi, 2017), Yolo-v3 
(Redmon & Farhadi, 2018), and Yolo-v4 (Bochkovskiy, et al., 2020) algorithms, 
which are different versions of the Yolo algorithm, which have shown successful 
results in object detection applications in the field of artificial intelligence in 
recent years, were used. With these algorithms, comparative experimental 
analyzes were performed using a dataset (Kaggle, 2022) containing traffic 
sign images. In the study, the materials and methods used in Chapter 2, the 
experimental results in Chapter 3, and the results and recommendations in 
Chapter 4 are explained in detail.
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2. Material and Methods

In this section, the system structures and datasets used for the training and 
testing of artificial intelligence-based Yolo algorithms, which are preferred to 
detect traffic signs on the highway, are mentioned.

2.1.	System	Configuration

In this study, the training and testing of Yolo algorithms were carried out 
using Python programming language in a Google Colaboratory (Colab, 2022) 
environment with an NVIDIA Tesla K80 graphics processor together with a 
computer with an Intel Core i7-9750H 2.60 GHz processor, 16 GB RAM, 512 
GB SSD, and Nvidia GeForce GTX 1650 graphics card.

2.2.	Traffic	Signs	Dataset	and	Preprocessing

In this study, a public access dataset containing traffic signs on the 
highway was used to test the success of Yolo algorithms developed for 
application areas based on artificial intelligence (Kaggle, 2022). In this 
dataset, there are 4706 images in total, including trespass sign, no entry, 
straight or left only, straight or right only, left only ahead, 20-speed limit end, 
30-speed limit, 20-speed limit, right only ahead, no right turn, no left turn, 
stop, no parking, park, bus stop, red light, yellow light, and green light images 
belonging to 18 different classes, and label files of 4674 of these images. It 
has been observed that the number of images and the number of label files 
are not equal. In addition, the number of labels of the classes in the dataset 
was examined and it was determined that the number of labels belonging to 
the 20-speed limit end (0 labels) and 20-speed limit (7 labels) classes was not 
sufficient. For these reasons, images of the 20-speed limit end and 20-speed 
limit classes with insufficient data, as well as the images that do not have a 
label file and have no data in the label file, were removed from the dataset by 
preprocessing with a developed algorithm. As a result of these pre-processes, 
a total of 47 images were extracted from the dataset, and a dataset consisting 
of 3508 training images and 1151 test images, and a total of 4659 images 
with 16 classes was obtained. The number of labels belonging to the classes 
included in this dataset is given in Table 1 in detail. In addition, the images of 
the traffic signs in the dataset are shown in Figure 2.
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Table 1: Number of labels of traffic signs in the dataset

Dataset classes

Number of labels in the dataset

Train Test Total
trespass sign 532 171 703
no entry 114 46 160
straight or left only 84 55 139
straight or right only 191 62 253
left only ahead 171 73 244
30-speed limit 51 34 85
right only ahead 380 121 501
no right turn 384 102 486
no left turn 895 272 1167
stop 53 26 79
no parking 939 232 1171
park 896 237 1133
bus stop 363 126 489
red light 1286 277 1563
yellow light 183 38 221
green light 1070 266 1336
Total 7592 2138 9730

Figure 2: Images of traffic signs used in training Yolo algorithms

2.3.	Training	and	Testing	of	Yolo	Algorithms

With the Yolo-v2, Yolo-v3, and Yolo-v4 algorithms discussed in the study, 
a total of 4659 images in the traffic sign dataset were used to support the driver/
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driverless systems used on the highway. 3508 images in the dataset were used for 
training Yolo algorithms and 1151 images were used for testing Yolo algorithms. 
Each of the Yolo algorithms has been trained and tested in 1000, 2000, 3000, 
4000, and 5000 epochs.

3. Results

In the study, Yolo-v2, Yolo-v3, and Yolo-v4 algorithms were trained and 
tested using a dataset containing traffic signs. Algorithms were run for a total of 
5000 epochs, with results for every 1000 epochs. Therefore, many experimental 
analyzes have been made for the training and testing of each algorithm, and 
the success results of the algorithms have been obtained. Comparative success 
graphs obtained as a result of training and testing Yolo algorithms are given in 
Figure 3.
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When Figure 3a is examined, it is seen that the best learning occurs with 
the Yolo-v3 algorithm, and the worst learning occurs with the Yolo-v2 algorithm 
after every 1000 epochs. When Figure 3b is examined, it is seen that as a result 
of 5000 epochs, the Yolo-v3 algorithm has reached the lowest average loss 
value, while the Yolo-v4 algorithm has reached the highest average loss value. 
In addition, all numerical results obtained as a result of training and testing Yolo 
algorithms are given in Table 2 comparatively.

Table 2: Numerical results obtained as a result of training and testing Yolo algorithms

Yolo Algorithms mAP Avg Loss Precision Recall f1-score Support

Yolo-v2 0.39 0.87 0.53 0.46 0.49 2138

Yolo-v3 0.94 0.19 0.91 0.94 0.93 2138

Yolo-v4 0.84 1.43 0.75 0.87 0.81 2138

In addition, the confusion matrix results obtained as a result of training and 
testing the Yolo-v2, Yolo-v3, and Yolo-v4 algorithms are given in Table 3, Table 
4, and Table 5, respectively.

Table 3: Confusion matrix results obtained  
as a result of training and testing the Yolo-v2 algorithm

Dataset classes True Positive False Positive AP
trespass sign 98 87 57.54%
no entry 2 14 8.35%
straight or left only 7 6 31.25%
straight or right only 20 24 38.55%
left only ahead 34 45 49.51%
30-speed limit 1 0 59.35%
right only ahead 82 43 70.62%
no right turn 56 88 42.05%
no left turn 188 61 68.68%
stop 0 0 11.33%
no parking 173 90 68.47%
park 177 109 75.09%
bus stop 37 49 27.61%
red light 104 248 17.66%
yellow light 2 14 2.82%
green light 0 0 0.00%

mAP@0.50 39.30%
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Table 4: Confusion matrix results obtained as a  
result of training and testing the Yolo-v3 algorithm

Dataset classes True Positive False Positive AP
trespass sign 161 12 95.68%
no entry 44 1 95.65%
straight or left only 51 7 97.18%
straight or right only 61 7 98.15%
left only ahead 70 12 94.26%
30-speed limit 33 0 98.62%
right only ahead 121 13 99.18%
no right turn 94 25 92.10%
no left turn 254 25 95.90%
stop 20 0 76.92%
no parking 224 21 95.17%
park 236 16 99.40%
bus stop 124 4 98.85%
red light 262 26 94.29%
yellow light 33 3 90.90%
green light 231 34 86.99%

mAP@0.50 94.33%

Table 5: Confusion matrix results obtained as a  
result of training and testing the Yolo-v4 algorithm

Dataset classes True Positive False Positive AP
trespass sign 138 30 87.20%
no entry 40 18 87.51%
straight or left only 39 26 75.69%
straight or right only 56 42 85.47%
left only ahead 56 56 81.23%
30-speed limit 27 22 79.85%
right only ahead 114 76 88.77%
no right turn 75 79 72.72%
no left turn 253 92 90.79%
stop 16 4 64.14%
no parking 221 10 94.91%
park 233 28 99.31%
bus stop 103 12 91.28%
red light 242 43 89.48%
yellow light 26 10 72.49%
green light 222 59 82.27%

         mAP@0.50 83.94%
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According to the results of the confusion matrix obtained as a result of 
the experimental analyzes for the training and testing of Yolo algorithms in 
Table 3, Table 4, and Table 5, it has been seen that the algorithm that most 
successfully detects traffic signs is Yolo-v3 at a rate of 94.33%.  Then, 
it is seen that it is realized with Yolo-v4 at 83.94% and Yolo-v2 at 39.30%,  
respectively.

3.1.	Performance	testing	of	Yolo	algorithms

To determine the validity of the success rates obtained as a result of 
experimental analyzes with Yolo-v2, Yolo-v3, and Yolo-v4 algorithms, a 
performance test was performed for each algorithm separately and each 
algorithm was tested using real-life images. Examples of the success 
rates of each algorithm on real-life performance are shown in detail in  
Figure 4.
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Figure 4: Images of performance testing of Yolo-v2, Yolo-v3, and Yolo-v4 algorithms
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4. Conclusions

The increase in the amount of data in many areas due to the developments 
and innovations in the field of technology has increased the complexity of 
calculating a particular task and the cost of human workload. Therefore, the 
development of artificial intelligence software that can think and make decisions 
like humans has helped people’s decision-making process in many areas and has 
achieved more efficient and successful results than humans.

In this study, Yolo algorithms (Yolo-v2, Yolo-v3, and Yolo-v4), which 
recognize and detect traffic signs on the highway, were used to support the 
driver/driverless systems used on the highway. For the training and testing of 
Yolo algorithms, a dataset containing a total of 4659 traffic sign images with 
16 classes downloaded from the internet was used. The success rates of Yolo 
algorithms were compared using this dataset. As a result of the comparison, 
it was concluded that the algorithm that successfully recognizes and detects 
traffic signs with a rate of 94.33% was the Yolo-v3 algorithm, and then it was 
determined by the Yolo-v4 algorithm with a rate of 83.94% and by the Yolo-v2 
algorithm with a rate of 39.30%, respectively. In addition to this, a performance 
test has been carried out in order to recognize and detect traffic signs on the 
highway in real life and the success of Yolo algorithms has been tested.

As a result, based on experimental analysis, it has been seen that Yolo 
algorithms perform successfully in artificial intelligence-based applications. 
Therefore, the fact that Yolo algorithms can be applied to different artificial 
intelligence-based systems increases the importance of Yolo algorithms.
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1. Introduction

The brain is one of the most complex and important organs in the human 
body. Brain tumors are one of the most common diseases that occur in 
the vital brain organ. Most of the deaths in the world are due to brain 

tumors (ÖKSÜZ & GÜLLÜ, 2020). Tumors occur when they get rid of the 
effects of the control mechanism and multiply uncontrollably or abnormally. 
Any disinformation that may occur in our brain organ, which controls body 
movements and is the center of consciousness, can create very negative situations 
in human life. So much so that if not intervened in time, brain tumors can cost 
human life.

Brain tumors can be in different shapes and sizes, and they can occur in 
different locations in the brain. Brain tumors can be divided into two categories. 
Tumors that start in the tissues around the skull and progress to the skull are 
primary type tumors. Secondary type tumors are tumors that start in different 
organs of the body and spread to the brain. Brain tumors can be cancerous 
(malignant) or non-cancerous (benign). There are some types of brain tumors 
such as glioma, meningioma, and pituitary.(Cheng et al., 2015). Glioma is the 
most common type of tumor to occur among primary brain tumors, and the four 
grades describe the malignancy of this tumor.(Goodenberger & Jenkins, 2012). 
Some of the tumors in the type of meningioma originating from the meninges 
tissue layer can be benign. Finally, the pituitary tumor type that grows in the 
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pituitary gland is benign.(Receptors-, 1991). Some types of brain tumors are 
shown in Figure 1.  

The most popular method for detecting the localization and tracking of 
brain tumor progression is the magnetic resonance (MR) viewing.  Magnetic 
resonance viewing, which displays the interior of the human body in cross-
sections, is used to detect, diagnose, and monitor diseases. Since MR 
affords data in depth about separate tissues body with high resolution  and 
discrepancy and hereby extensively utilised in anatomic complementary test 
of brain tissue.  

Radiologists must subjectively evaluate and analyze MR images, which 
takes time and is prone to mistakes or exclusions. Because brain tumor 
detection and segmentation must take into consideration significant differences 
in the form and form of formations, analgorithmic graphics rendering can 
thus help radiologists in the diagnosis of cerebral tumors in number of co MR 
images. Therefore, automatic methods are required for the interpretation and 
categorization of such healthcare images.

The identification of both normal and abnormal MR brain images is 
suggested using an artificial classification method. Classifiers based methods 
are put forth and used to classify brain images. There are multiple phases in this 
approach for segmentation methods and identification:

·	 Enter MR images.
·	 Data pre - processing is a method employed to improve accuracy value.
·	 The images will be used to extract features.
·	 To detect the tumor, the features are fed into a classifier 
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Applications such as the detection of brain tumors and the recognition of 
their types through MR images are an area that has been intensively studied in 
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order to reduce the human workload and increase the rate of accurate diagnosis. 
Charfi et al. (Charfi, Lahmyed, & Rangarajan, 2014) used discrete wavelet 
transform as features in their study of brain tumor classification and the feed-
forward back-propagation neural network for classification. The accuracy rate 
of this study was 90%.  In order to determine the tumor’s placement, Priyanka 
and Singh (Priyanka & Singh, 2013) concentrated on a study of really well 
brain tumor investigative techniques that have been presented so far with. The 
methods that employ image classification to find brain tumors are the major 
focus. The technique of dividing an image data into several parts is referred to as 
fragmentation. Sadoon and Ali (Sadoon & Ali, 2021) , in their study using CNN, 
divided MR images into 3 categories as pituitary, meningioma, and glioma and 
achieved 96.1% success. In (Kharrat, Halima, & Ben Ayed, 2016), MR images 
were classified using the Genetic Algorithm and Support Vector Machine 
(GA-SVM) and the success rate was 95.65%. Öksüz and Güllü (ÖKSÜZ & 
GÜLLÜ, 2020) used yolo v2 to classify brain images. The success rate in this 
study was 93.57%.  

Especially in the field of health, where the risk of making mistakes should 
be minimized, the use of artificial intelligence techniques in disease diagnosis 
is increasing day by day in order to reduce the risk of making mistakes and 
human work intensity. In this study, it was determined whether there was a brain 
tumor from the MR image using artificial intelligence techniques. In addition, if 
there is a brain tumor, it was determined which of the glioma, meningioma, and 
pituitary types of this brain tumor. 

In the second part of this study, studies in the literature on brain tumor 
identification are mentioned. The proposed method in the third part and the 
experimental results are explained in the fourth part. Finally, in Chapter 5, 
conclusions and discussions are given.

2. Proposed Method

In the proposed method, classification was made using global features on 
MR images. Histogram of oriented gradients (HOG) (Dalal & Triggs, 2005) and 
Local Binary Patterns (LBP) (Ojala, Pietikäinen, & Harwood, 1996) features 
are used as features and support vector machines (CORTES & VAPNIK, 1995), 
decision tree (QUINLAN, 1994) and k-nearest neighbors (KNN) are used as 
classifiers. In the data set with 4 class labels, there are 5712 images for the 
training data set and 1311 images for the test data set. The necessary processing 



IDENTIFICATION BRAIN TUMOR FROM MR IMAGES      131

steps for the classification of MR images include 3 basic processing steps: 
preprocessing of images, feature extraction and classification. The general 
structure of this study is given in Figure 2.

Figure 2. Flowchart of the suggested approach

As seen in Figure 2, pre-processing was done in the first step of the study. 
MR images with RGB color space were resized to be 128x128 after they were 
converted to gray level images.

The following subsections describe the methods used in the article.

2.1.	Histogram	of	Oriented	Gradient

Histogram of oriented gradients (Dalal & Triggs, 2005), frequently used in 
object detection applications; It is an feature calculated using the slope directions 
in local parts of the image. The HOG feature is calculated over evenly spaced 
cells on a dense grid and uses local contrast normalization.
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Three steps are applied to extract the HOG feature from an image. After the 
slopes are calculated in the first step, the directional histograms are calculated 
for each cell in the second step. In the last step, the histograms calculated from 
the cell blocks are normalized.

The first step for the HOG feature is to calculate the slope values. The 
slopes of the input image I in the x and y directions are obtained by the formulas 
shown below. GxGy

    [ ]xG 1 01 *I= -  (1)

    [ ]T
yG 1 01 *I= -  (2)

The symbol expressed as * is a two-dimensional convolution operator. 
After the slopes are calculated, the slope orientation is calculated with the 
formula given below.
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After the slopes are obtained, the cell histograms are calculated. Each 
pixel in the cell is assigned a weight to calculate the orientation histogram. For 
each cell, the orientation histogram is calculated by summing the orientation 
votes. Votes are weighted by the size of the slope. Thus, the histogram takes into 
account the importance of the slope at a particular point. When the histograms 
are calculated for each cell, the descriptive vector of the image is constructed by 
ordering all histograms in a single vector.

In the last step, the cell histograms are locally normalized to the values   
of neighboring cell histograms. Normalization is done between groups of cells 
called blocks.

2.2.	LBP

In the local binary pattern feature proposed by Ojala et al. (Ojala et al., 
1996), a binary code is calculated for each pixel by comparing its neighborhood 
with the center pixel value. In the first step, a square or circular window of 
predetermined size is created. This window is then placed so that the first pixel 
of the image is the center point. Neighboring pixels in the window are combined 
by writing “1” for those larger than and equal to the center pixel and “0” for 
the others, and a value is obtained for the center pixel (Equation 4). Finally, a 
histogram is created to determine the frequency values of the binary models.
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In Equation 4, P indicates the number of neighboring pixels in the window, 
R indicates the distance of the central pixel to the neighboring pixels, and Ip, Ic 
shows the gray level value of the neighboring and central pixels. 

2.3.	Support	Vector	Machines

The  Support Vector Machines (SVM) (CORTES & VAPNIK, 1995) 
used in solving regression and classification problems is based on Lagrange 
multipliers. In this classifier, it is aimed to divide the data into different classes in 
the most successful way with the optimum hyper plane. There are two different 
types of SVM algorithm, linear and nonlinear. In linear SVM, there are multiple 
decision planes separating the classes in the sample space where the data can 
be separated linearly. Support vector machines choose the decision plane that 
makes the distance between these classes the largest and assign the vectors close 
to this plane as support vectors. In the nonlinear SVM algorithm, if the data 
cannot be distinguished linearly, it is moved to higher dimensional space. Kernel 
functions are used in the SVM algorithm to perform this operation.

2.4.	Decision	Trees

The decision tree algorithm consisting of decision nodes and leaf nodes 
was proposed by Quinlan (QUINLAN, 1994). Each feature on the I input image 
represents the decision node and the leaf node represents the classification 
prediction.

If there are S classes in the classification data set used, there should be S 
leaves. If S has more than one class, S is divided into subgroups (S1, S2, ... Sn) 
depending on the features of the input image. In the decision tree generation, 
this process is repeated until each subgroup belongs to a single class.

One of the important issues in this algorithm is how to choose the most 
suitable feature for each decision node. In the selection of the appropriate 
feature, the gain ratio criterion is taken into account. After the decision tree is 
created, the test data are classified. 

The problem here is that one of the criteria used during the decision tree 
formation is the gain ratio criterion. The basic idea of   this criterion is to select 
the feature that provides the maximum information gain while reducing bias by 



134    INTERDISCIPLINARY ENGINEERING SCIENCES

normalization at each parsing step. Starting from the root node of the decision 
tree, the features of the test image are performed for the features of the test 
image as in the training dataset. The decision process is performed by selecting 
the branch that matches the value of the feature under test. The same process is 
repeated until the leaf node is reached.

2.5.	K-	nearest	neighbor	algorithm

K-nearest neighbor algorithm  is one of the simplest classifiers among 
machine learning techniques, which classifies by questioning the nearest 
neighbor of the test sample.

In the nearest neighbor algorithm, test samples are classified based on the 
classes of their nearest neighbors. The k mentioned here indicates the number 
of samples considered in the classification step. It can also be called memory-
based classification as training samples must reside in memory at runtime. It is 
also called sample-based classification because it is directly related to training 
samples.

The K nearest neighbor algorithm consists of two steps. These steps are; 
is to decide on the nearest neighbor and to classify using these neighbors. The 
test sample is assigned to the class to which the most samples belong among the 
classes to which the selected neighbors belong.

3. Experimental Results

In this part of the study, the applications and the results of the methods 
used for designing the automatic brain tumor recognition system for MR 
images are presented. In this section, the results obtained by giving information 
about the HOG and LBP features and the experimental studies with SVM, 
KNN, decision tree classifiers and the data set used in the experiments are  
presented. 

In the proposed method, the automatic brain tumor detection system on MR 
images was created using Matlab 2022 scripting language on a computer with an 
i7 processor and 8 GB of ram. The data set used for the realization of the brain 
tumor recognition system proposed in the study was taken from the open access 
website (kaggle.com (Nickparvar)). Consisting of 1311 images for 5712 test 
data set for training data, this data set has 4 class labels as glioma, meningioma, 
pituitary and notumor. Figure 2 shows an example of HOG features extracted 
from MR images.
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For performance evaluation confusion matrix and accuracy rate are used. 
Confusion matrix is the matrix that shows which class the test data actually 
belongs to and how the classifier predicts those samples. This makes it easier 
to interpret how the classifier behaves. The accuracy rate indicates the correct 
labeling rate of the classifier.

    Accuracy
 

Number of correctly classified samples
All samples

=  (5)

Figure 3. HOG features: a) glioma, b) meningioma, c) no tumor, d) pituitary

In the research, accuracy rate and confusion matrix results for the 
performance evaluation of the experimental studies with HOG and LBP features 
and SVM,K-NN, decision tree classifiers are given in table 1 and figure 3, 
respectively.



136    INTERDISCIPLINARY ENGINEERING SCIENCES

Table 1. Accuracy rate on MR images

Classifier Features Accuracy 

K-NN
HOG 0.9886
LBP 0.9809

Decision tree
HOG 0.8452
LBP 0.8207

SVM
HOG 0.9626
LBP 0.9580

As it can be seen in Table 1, although the method with the best classification 
performance was the application with the K-NN classifier using the HOG 
feature, the method performed with the LBP feature was quite successful.

Figure 4. Confusion matrix of applications. a) HOG+KNN, b)LBP+KNN,  
c) HOG+Decision Tree, d)LBP+ Decision Tree, e) HOG+SVM, b)LBP+SVM
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As seen in Figure 4, there was a low error rate in classifying the tumor type 
in the K-NN+HOG application, while the success rate was 100% in non-tumor 
patients.

4. Results

In this study, the brain tumor automatic recognition system was applied on 
MR images using HOG and LBP features and three different classifier methods.

When the correct classification performances of the applications developed 
using this data set are compared, it has been observed that the HOG feature 
and the K-NN classifier have the highest correct classification performance. On 
this data set consisting of MR images, the method in which the LBP feature 
and decision tree classifier were used together had the lowest performance. The 
method with the second lowest performance was the method in which the HOG 
feature and decision tree  classifier were used together. As can be seen from 
their correct classification performance, the decision tree classifiers failed in the 
methods they were used with HOG and LBP features. 

In addition to the importance of health in brain tumors automatic 
recognition systems, late detection and treatment of this disease can cause very 
bad situations such as death. Therefore, it is very important to minimize the risk 
of error. In future studies, it is planned to make the local feature-based brain 
tumor recognition system more comprehensive and successful by using local 
features such as PCA-SIFT, dense SIFT and different algorithms.
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Introduction

Bonded iron powder serves as the foundation for the substance whose 
application is the focus of this paper. After being coated, the powder 
is pressed into a solid using a die, and the bond is then heat-treated to 

anneal and cure (Silveyra et al. 2018), (Krings et al. 2017), (Lamichhane et al. 
2020). To describe these materials, the term “soft magnetic composite,” or SMC, 
has been developed. They need to be kept apart from sintered powder materials. 
Intermetallic interaction exists between the powder grains of all materials 
created so far using this latter method. For ferromagnetic powder, the outcome 
is either a bulk conductivity that is too low to be used with alternating fields 
that have a frequency of more than a few Hz or a nonmagnetic content that is so 
high that the magnetic qualities are destroyed. Sintered materials are the subject 
of research initiatives that aim to achieve very high density (and, consequently, 
good magnetic and mechanical properties) without a high electrical conductivity.

Limitations are imposed by concentrating on bound materials. High 
pressures (up to 800 MPa) are necessary during the forming process because 
high density is necessary to prevent the distributed air gap that is implied by 
porosity. This is totally common for powder metallurgy structural elements, but 
it does dictate the size of the press for a particular component and set practical 
restrictions on the component’s maximum size. Due to strains caused by the high 
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pressure and the relatively small powder size used up until this point, there is a 
significant hysteresis loss (which is only partially relieved by the annealing step). 
The bonding technique keeps densities in the range of 7.2g/cm3 (compared to 
7.8 for solid steel), which is good. Saturation and permeability suffer as a result. 
Mechanical strength and maximum operating temperature are also impacted by 
the bonding procedure.

The materials given are changing quickly within the time period covered 
by the application. In all of the weak areas, it is obvious that there is still more 
to come. Shaped particles are added after the powder grain dimensions, size 
mix, new bonding, pressing, and further processing processes (Guo et al. 2008). 
The structured particles will provide superior qualities in one or more desired 
directions, but this will negate the material’s isotropic nature, which is one of 
its main benefits.

The discussion that follows will be helped if the key points are expressed 
here, even though a thorough description of the material itself is not the focus of 
this article, which instead examines how it was used. The following are the main 
benefits (Schoppa and Delarbre 2014):

·	 It is an isotropic substance. This creates significant design advantages, 
such as the ability to design magnetic circuits with three-dimensional flux paths, 
the elimination of the requirement for the core back, teeth, and air gap to have 
the same axial length, the ability to use weak (cheap) magnets or to concentrate 
the flux for very high magnetic loading, the ability to place flux return paths in 
unusual locations, etc. This characteristic alone would imply that it is unlikely to 
be the optimal course of action to substitute SMC pieces of the same shape with 
laminated components. Materials that use shaped powders are not isotropic, 
which negates some of their benefits.

·	 Because there is relatively little conduction between grains in bonded 
materials, the material tends to have very low eddy currents (until the skin depth 
reaches commensurate with the size of the powder grains). The material is 
suitable for frequencies (100 kHz or higher) much above those generally utilized 
in electrical drives since the powder sizes are small (around 0.1mm). As a result, 
iron losses at high frequencies are quite favorable. The loss for both 3% silicon 
steel (0.5mm thick) and SMC is approximately 90 W/kg at 1.5 T at the cross-
over point, which is roughly 400 Hz. At the same operating point, low-silicon 
steel laminations measure roughly 150 W/kg. Due to their dominance on the 
market, low-silicon steels are crucial. They frequently work with harmonically 
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rich inverters. Small but significant high-frequency harmonics are produced by 
spatial harmonics in machinery.

·	 The paths to mass production are sound since several processes have 
been eliminated and automation techniques have been used successfully in the 
manufacture of structural components.

·	 In contrast to laminations, the parts can be manufactured without sharp 
corners in critical locations, such as close-to-contact regions with the windings 
and the insulation that goes along with them. As a result, space around the 
winding turning points can be better used and ground-wall insulation can be 
made thinner.

Sadly, not everything about the material is strong. These are the main 
negatives (Guo and Zhu 2006):

·	 The material has a lower than full density, which results in poor 
permeability. For isotropic powder materials, the optimal values fall between 
500 and 800 for maximum relative permeability and acicular or rolled powder, 
respectively.

·	 Compared to the base iron powder, the saturation flux density is lower. 
Because the porosity caused by less than full density implies a scattered air gap 
and because the B-H curve rolls away considerably more slowly than it does 
for typical steels, this figure is challenging to quote as a single number. The 
equivalent values for an isotropic powder and a shaped grain are 1.8 T and 1.95 
T, respectively, if 30 kA/m is used as a reference, which would yield 2.08 T in 
normal low silicon steel. This effect is slightly lessened by the stacking factor’s 
lack of accountability in the lamination numbers, which gives back at least 4% 
and perhaps even more in particular situations.

·	 High losses at low frequencies, such as 1.5 T at 50 Hz gives about 10 W/
kg (compared to 3 W/kg for good machine laminations), are caused by the high 
hysteresis loss caused by strain and inadequate domain structure.

·	 Inevitably, bonding the powder weakens the material, particularly when 
high density is desired. Tension figures of 10-20 Mpa are typical. This is high 
enough to resist magnetic forces, but mechanically induced forces like rotation 
and thermal expansion must be handled carefully.

·	 The material is fragile because of the nature of the binder, and shock 
loading is a concern.

·	 Regarding the prevention of corrosion, porosity must be taken into 
account.
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·	 The method used to create the powder is not particularly expensive, but 
because manufacturing volumes are significantly lower than for sheet steel, raw 
material costs are not yet competitive with those of less expensive lamination 
steels.

The use of this material calls for significant adjustments to manufacturing 
procedures, such as pressing rather than punching and stacking, the purchase of 
new winding machines, modifications to insulation systems, and new assembly 
procedures. The cost distribution will also shift; for instance, machines built from 
SMC in the past have a tendency to use less copper due to the ability to build shorter-
end windings. (Ibrahim et al. 2021) The introduction of the material is impeded by 
these very distinctions. It is obvious that the manufacturer that is prepared to make 
the necessary modifications will benefit (and the associated investment).

Manufacturing Steps

A die-pressing procedure followed by a heat treatment step is the preferred 
fabrication process. A final product with good dimensional tolerance and decent 
surface quality will result from this. Production rates of 25 pieces per minute per 
press are average and structural and to a lesser extent, magnetic components are 
already produced in large quantities using pressed parts. Although the material 
can be machined, doing so in a production setting would be desired and should 
not be necessary because complicated shapes may be made and the tolerances 
are more than sufficient for electrical machine applications. The capacity of the 
press and the necessary pressure set a limit on the component’s size. Currently, 
a cylinder of roughly 250 mm is getting close to its practical limit. Additionally, 
there are restrictions on the forms that can be pressed; for example, undercuts 
and aspect ratios of width to length (in the pressing direction) larger than 1:10 
are not allowed since they lower density and subsequently lose their magnetic 
and mechanical properties (Shokrollahi and Janghorban 2007).

Because dies are expensive, it is typically preferred to machine components 
from solid blanks when prototyping. Wire erosion is the most efficient method 
because it yields cuts with great dimensional accuracy and surface finish. 
While turning and drilling are technically viable, care must be taken to prevent 
chipping and breakage. Milling is also effective. Naturally, the good tolerance 
and flawless surface finish inspire ideas of creating machine cores from various 
components. Since better windings may be produced with greater packing 
factors and thinner ground wall insulation, this should definitely be viewed as a 
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benefit (Persson and Jansson 1995). Further decreasing the mechanical demands 
on the ground-wall insulation is possible by eliminating all sharp edges and 
corners on the surface of the core adjacent to the winding. The winding packing 
factor can be raised while ground-wall insulation is decreased, which results in a 
significant boost in the electrical machine’s thermal efficiency. The performance 
of the servo motor prototype described later in the paper will demonstrate this 
quite clearly. 

Opportunities and Threats in Electrical Machines Design Phase

Examining the balance of impacts mentioned above reveals that the 
material is probably most suitable for use in machines that:

·	 High frequency is required (high speed or pole number).
·	 A three-dimensional magnetic circuit has advantages (all machines can 

take advantage but particularly hybrids).
·	 Compared to iron circuits, have a larger effective air gap, such as all 

permanent magnet machines or machines with a high pole number.
On the other hand, it will be challenging to reap the benefits of machinery, 

such as induction, switching reluctance, and stepping motors, where iron 
permeability is at a premium (but not necessarily hybrid steppers). Because of 
the isotropic features, larger cross sections can be employed without significantly 
expanding the machine’s total volume, making up for the reduced saturation flux 
density less of an issue. Rearranging the magnetic circuit will enhance the cross-
section accessible to any machine that is driven forcefully. Universal motors are 
one specific example since they frequently operate much past saturation.

Design and Testing of Soft Magnetic Composite Materials for Electrical 
Machines

Axial	field	brushless	DC	machine

The first piece of machinery made is an axial field brushless DC machine. 
Its design was primarily determined by the shape of the sample that was available, 
and its sole purpose was to test the material’s characteristics and applicability. 
Since the laminations must be spirally twisted and the slots are progressively 
wider apart as the laminations fill a larger diameter, this type of machine makes it 
difficult to insert the slots into a laminated core. Although there isn’t a machine to 
directly compare it to, a laminated version’s performance is probably going to be 
significantly worse due to the increased armature core reluctance (Ferraris et al. 
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2021). But because the core’s reluctance is a very small fraction of that of the air 
gap and magnet, there will not be much of a difference. The machine delivered 
the desired results and demonstrated that the mechanical strength was sufficient.

Permanent	magnet	servo	motor

This is the initial outcome of a cooperative program supported by industrial 
businesses. A quick description of the device will assist set the stage for this more 
comprehensive assessment even though it is adequately explained elsewhere in 
these proceedings (Zheng et al. 2015).

The device is constructed out of single tooth parts that are wrapped, 
put together, and then compressed into a typical aluminum frame. As can be 
observed, the core back’s axial extension has allowed for a reduction in depth, 
creating room for the slots. There are no sharp edges or angular tooth ends that 
could threaten ground wall penetration. When the performance is compared to a 
typical lamination machine with the exact same specifications put onto the same 
frame, the following results are seen:

·	 similar torque to ampere
·	 equivalent cogging
·	 58% of the copper
·	 55% of the resistance
·	 40% of the case’s thermal resistance
·	 56% more torque near the temperature limit
·	 65% of the axial length

This machine’s utilization of non-overlapping windings made on separate 
teeth gives it its true benefit. This enables far shorter end windings and 
much greater winding packing factors, which results in significantly reduced 
resistance and improved thermal conduction. Laminations are already used 
in the manufacturing of machines of this design, but the SMC core has an 
advantage due to its expanded core back, rounded profiles, and well-mating 
surfaces. The shrink fit into the frame has a mechanical role in the machine to 
some extent, but the core is also pinned both axially and against rotation. This 
motor has accumulated significant running experience under a variety of loads 
and overloads, including prolonged high-temperature operation, yet it is still 
mechanically, electrically, and magnetically sound (Yang and Lin 2016). The 
second and third versions of this machine, which promise increased performance 
and productivity benefits, are still under construction.
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Radial-axial	permanent	magnet	machine

Its outer rotational configuration was determined by the fact that this 
device was designed as a direct drive motor for an electric bicycle. The 16-pole 
surface-mounted rotor with magnets positioned both radially and axially makes 
up the device. The toroidal armature winding, which is made of SMC, transfers 
the magnet flux circumferentially from one pole to the next via the armature 
core, which receives the axial and radial magnet flux.

The air gap winding on the machine in the illustration is only there to make 
building the prototype, which had to be done quickly as an SMC technology 
demonstration at an exposition, easier. The machine, as depicted, has a 23 Nm 
output, weighs 7 kg, and has a 3 Nm/kg torque (Pippuri et al. 2013). Toroidal 
windings are extremely difficult to build, however, the second version of this 
machine is now being built that solves this issue by segmenting the core into 
parts with different tooth pitches, as seen in figure 1.

The coils can be carried out and put together with the pressed tooth/core 
parts in this machine version. The characteristic observed at the inner radius is 
then used to fasten the entire assembly to the stator “frame.” All types of toroidally 
wound machines made from SMC can be built using this generic design. The 
search for novel methods to collect and distribute flux made available by isotropic 
magnetic cores is merely the beginning of this engine. Perhaps the potential for 
simple flux concentration is now clear, opening the door to machines with high 
specific output that use low-cost (i.e., poor quality) magnets.

Figure 1. Portions of the new radial-axial machine’s core



146    INTERDISCIPLINARY ENGINEERING SCIENCES

Induction	machine

Because induction machines rely on high-permeability magnetic circuits to 
reduce the magnetizing current, they are a challenging target for SMC materials. 
A design study on an induction motor with four poles and an 80-frame size 
illustrates a typical outcome by showing that the magnetizing current might be 
doubled by simply replacing the armature with an SMC component. Despite the 
enormity of the assignment as demonstrated by this result, SMC can be used to 
enhance some aspects. The experience with the permanent magnet servo drive 
demonstrated that the use of separated teeth and short-pitched coils results in 
extremely significant thermal benefits.

In addition, the air gap reluctance dominates the magnetic circuit in small 
induction motors. This can be changed by lengthening the rotor’s teeth tips and 
rotor by expanding the rotor’s surface area without lengthening the motor’s 
overall size. Even harmonics are produced by short-pitched separated coils, and 
an induction motor’s interaction with the rotor results in undesirable harmonic 
torque and losses. To prevent this, a novel design has been used that features two 
axially separated stators that are also 180 degrees circumferentially apart (plus 
or minus an angle to give an effective slot skew) (Singh and Ahmed Saleh Al 
Kazzaz 2003). Even harmonics are canceled when two equivalent armature coils 
are coiled in opposition to one another. The air gap and core back are noticeably 
longer axially than the teeth due to the significant undercutting of the teeth, 
which is evident.

It can be decreased because of the longer core back. By going deeper, 
which results in greater slot area from the same outside diameter, and using 
longer teeth tips, it is possible to employ a longer rotor, which reduces the 
resistance of the air gap. Since this motor has just recently been used, a complete 
comparison to other motors is not yet possible. As of right now, the motor can 
only be described as smoothly operating. High-speed spindle drives are the 
greatest initial target application for SMC since it has a clear advantage in an 
iron loss at high frequencies (higher than roughly 300 Hz).

Universal	motors

Typically, these motors are driven extremely hard, reaching saturation 
flux values at all working states. Therefore, maximum permeability values 
are irrelevant, and SMC materials are quite affordable. At the same time, it 
is feasible to benefit from the advantages of isotropic magnets. The stator 
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core of the motor is made of SMC. When the core is examined, it becomes 
clear that the core has been recessed in the vicinity of the pole. In the same 
location, the pole has also been significantly widened. The pole in the field 
winding area has a much more circular form as a result. The pole area has 
also been lowered since pole body flux densities in laminating machines are 
rather low due to the competing requirements of pole shoe size and core 
outer diameter. Overall, this has led to a 40% reduction in the amount of 
copper needed for field winding (Szymczak, Menzel, and Keck 2007). In 
comparison to the laminated machine, the machine as shown performs 
practically exactly the same. It is evident that the end windings have been 
essentially integrated into the core, and in this prototype, there is a sizable 
amount of extra space (typically held by the field end windings) that might 
be utilized to provide additional product benefits. Although the core of this 
machine has 20% thicker pole shoes and core back than the current laminated 
product, the reduction in the pole body results in a core that is only 3% 
heavier.

Reluctance	machines

All pure reluctance machines, such as pure stepping motors, switching 
reluctance machines, and synchronous reluctance machines, rely on highly 
permeable magnetic circuits to create a low reluctance preferred direction 
of magnetization. Again, similar to an induction motor, air gap reluctance 
predominates at smaller diameters, therefore SMC materials can be employed 
to axially extend the air gap without lengthening the machine overall. In keeping 
with this, a two-phase switching reluctance motor that uses SMC for the rotor and 
stator was constructed. The same hand tool application as the universal motor 
previously mentioned is what it is designed for. Because of the relatively tiny 
diameter of the high-speed rotor needed for this, SMC can handle the stresses.

It’s noteworthy to note that bipolar stimulation causes more hysteresis 
loss than pulsing, unidirectional fields do, therefore SMC materials are less 
advantageous in SRM and stepping motor applications as a result. Although 
the motor’s performance on volume is comparable to that of a universal motor 
(mostly due to the removal of the commutator), it is not comparable to that 
of a laminated version of the same machine (Li et al. 2019). It is obvious that 
additional drastic steps will need to be performed to make SMC a material that 
is suitable for these machines on the basis of pure performance.
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Claw	pole	armature	machine

Due to their nearly widespread use in vehicle alternator rotors, claw pole 
field machines are known to the majority of readers. A multipole field with a 
comparatively high specific output can be produced extremely effectively using 
the claw pole arrangement. Their unique characteristic is the modulation of two-
pole simple hoop winding in a multipole field by the claw poles. This results in a 
high electric burden since each pole is pushed by each amp-turn of the winding.

The ampere-turns per pole decrease according to the number of poles in 
the traditional winding, which is the opposite of this. There are a lot of claw pole 
armature machines, but they are only available in very small quantities since it 
is nearly hard to laminate the claw poles and because the speed of solid claws is 
quickly limited by eddy currents. SMC permits exceeding this size restriction. 
To investigate this idea, a machine has been developed (Li, Yu, and Wang 2019).

The earliest prototype of the basic Samarium Cobalt surface magnet 
rotor still produces 3.3 Nm/kg with natural airflow cooling, despite not having 
undergone substantial optimization. It will be understood that the performance 
of these machines tends to be defined by leakage fields and claw pole-to-claw 
pole interactions. Due to the complexity and time required to calculate these 
three-dimensional fields, optimization is not an easy task. The temperature 
transmission from the coil to the core, another important component of these 
devices, has much room for development. It is obvious that the core has been 
constructed in segments; in a production version, the core may be put together 
using two identical pressings, one for each side. It will be necessary to change 
the claws’ design to make them easier to push, but it is obvious that a motor 
will be relatively simple to create using this method. Naturally, a large pole 
number indicates a high working frequency, but the low eddy current loss of 
SMC reduces the iron loss penalty that would otherwise be incurred. Of course, 
a standard claw pole rotor may be utilized in place of the permanent magnet 
rotor employed here to create a twin claw pole machine.

Transverse	flux	motor

This is the term that numerous scientists (Yamazaki et al. 2018), (YouGuang 
et al. 2006), (Baoming, Almeida, and Ferreira 2009) came up with for a particular 
design of a permanent magnet machine. Similar to the claw pole machine, they 
rely on soft magnetic pole assemblies to modulate a two-pole hoop coil winding 
into a multipole structure. Transverse flux motors come in a variety of shapes 
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and sizes, and while each type has its supporters and detractors, it is obvious 
that taken as a whole, they are essentially different configurations of the well-
known claw pole structure. The benefit that all modulation techniques have in 
common is that a large electric loading is achievable since all poles feel the 
entire armature magneto motive force. The “transverse flux” variations that have 
lately been made available can be loosely compared to unwrapped claws. They 
have an advantage over traditional claw poles in that there is less pole-to-pole 
leakage, which allows for a higher specific output.

The other improvement is flux-concentrating magnet configurations, which 
provide extremely high air gap flux densities. Given the equivalent cooling of 
conventional type (i.e., non-superconducting) motors, they really offer, to the 
author’s knowledge, the highest specific torque output of any motor type. This 
is due to the combination of high electric and magnetic loading. High loadings 
have the drawback of forming an output limit due to saturation. Despite the 
fact that saturation can be easily attained using only naturally cooled armature 
windings, the magnetic circuit requires that permeability be kept in order to 
form the modulation to a high pole number.

Transverse flux machines can be constructed using laminar flux channels, 
but because they are unable to fully utilize the volume available for flux return 
paths, saturation happens sooner than it would with a well-constructed isotropic 
magnetic circuit. SMC has a distinct advantage in this area. It can achieve 13.5 
Nm/kg with natural ventilation cooling, according to tests. Since the armature 
ampere-turns per pole are constant, it is obvious that the electric loading is 
inversely correlated with the number of poles. Since the machine in the illustration 
has 100 poles, a high specific torque output corresponds to a high pole number.

Thus, direct drive applications are more common for machines of this sort. 
In order to get a high specific power output, a high frequency is necessary, and 
SMC will succeed with these motors in this regard. It is obvious that the rotor’s 
mechanical strength in these devices is a cause for concern. The magnetic forces 
in the machine shown are axial (although nominally balanced). The design may 
be rotated through 90 degrees to provide radial air gap fields and radial forces, 
but the rotor is still suspended between the armature poles, making it challenging 
to achieve sufficient mechanical strength (Mitcham 1997).

Transverse	flux-claw	pole	motor

A transverse flux machine of the second generation, this one. It developed 
as a result of the comparison to claw pole machines. The machine is based on the 
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understanding that claw pole machines are constrained by pole-to-pole leakage, 
and that leakage may be decreased if the claw poles are partially unwrapped 
(Keysan, Burchell, and Mueller 2013). Using a high pole number results in a 
very high specific torque output due to reduced pole-to-pole leakage. Tests have 
produced a result of 25.9 Nm/kg, a significant improvement over the previous 
machine’s (13.5 Nm/kg), which is roughly the same size and also includes 100 
poles (Husain et al. 2020). Magnetic forces are radial at the same time as the rotor 
is stronger. The part section drawing in figure 2 can be used to understand the 
machine. It will be obvious that only about 60% of the rotor pole, for any rotor 
position, is covered by a stator pole. The circumferentially oriented magnet flux 
is transferred from the entire magnet area first axially, then circumferentially, 
and ultimately radially before being focused across the gap into the stator by the 
SMC pole pieces, therefore this is far from being a disadvantage.

Figure	2. The portion of the stator in an exploded view

Future of the Soft Magnetic Composite Materials

Since the insulation between the powder grains was thick in the past, soft 
magnetic powder composites have long existed but had very poor magnetic 
characteristics. The market was confined to extremely high frequencies, 
where the low eddy current loss more than made up for the low permeability 
and saturation flux density. A significant improvement in properties has been 
achieved through novel coating, pressing, powder grain shape control, and heat 
treatment. For instance, losses at 1.5 T and 50 Hz decreased from 20 W/kg 
to less than 10 in the same period, while relative permeability increased from 
70 to 800 in the last six years (Hamler et al. 2006). Current material research 
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makes it evident that when emphasis is turned to the relatively low frequencies 
typical of electric machines, further advancements will take place. For instance, 
research labs are investigating and assessing thinner insulating coatings, better 
grain morphologies, improved heat treatment, and new alloying agents. There 
have been reports of thick research materials with increased permeability and 
saturation, fewer losses, and materials that are noticeably stronger (Cvetkovski 
and Petkovska 2008). However, it is likely that permeability will never reach 
extremely high values or suffer a loss when compared to the best-laminated 
steels at low frequencies.

The other area of research focuses on sintered materials, whose metal-
to-metal grain contact severely limits their range of use due to their low bulk 
resistivity. Resistivity is being forced up by high alloy contents, although it 
appears unlikely that this will ever be high enough for a variety of uses (without 
destroying the magnetic characteristics). Although this is a long-term research 
project, there has been mention of sintering methods that can collect insulating 
material to construct barriers without degrading the magnetic characteristics. 
Car ignition coils are SMC materials’ largest commercial application to date 
(Weir, Leveneur, and Long 2022). This is extremely small-scale manufacturing 
compared to the manufacturing of motors; in fact, the output of total powder 
metallurgy (including structural parts, which today make up the great majority 
of production) is many orders of magnitude less than the amount of steel used 
in motors. Thus, there is a great deal of uncertainty about the cost, viability, and 
best practices of producing motors in large quantities using SMC. There is little 
question that this will be the focus of future efforts.

Conclusions

The use of soft magnetic composites for electrical devices is discussed in 
this paper. Iron powder (and perhaps other alloys) are bonded together under 
pressure to create soft magnetic composites. A significant benefit has been 
demonstrated for various electrical machines thanks to the material’s unique 
design freedoms. A wide variety of prototypes have been built, the majority 
using cutting-edge magnetic circuits. Numerous electrical machines have been 
developed that provide noteworthy performance and/or material utilization 
advantages. In actuality, only the SMC options have been explored in depth. 
It is a new technology that necessitates entirely new design, building, and 
manufacturing techniques. It is also obvious that a significant investment in new 
production methods will be needed to use SMC in volume markets. Changes 
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will also be required of suppliers to electrical machine manufacturers, such 
as the use of powder pressers rather than punchers and alternative insulation 
techniques.

Many of these vendors are new to the electrical machine industry at the 
moment. The study has demonstrated that the ideal design for electrical devices 
utilizing SMC differs greatly from conventional wisdom. The people who have 
the adaptability and creativity to maximize the benefits and limit the drawbacks 
will emerge as the technology’s winners. The performance will almost always 
be worse with a simple component replacement. Not all electrical machine 
types can benefit from using the current material, though. Any electrical device 
that places a high value on permeability is probably not a good choice for first 
tries. Even Nevertheless, early research with induction devices shows what can 
be accomplished in even the most hopeless application. The most successful 
application fields include all high-speed machines, universal machines, and 
permanent magnet machines of all varieties. Investigating the challenges and 
costs of production is currently the most important necessity.
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1. Introduction

Metal matrix composites (MMC) differ from conventional materials in 
structure and manufacturing processes. This difference is due to the 
reinforcement elements that cause radical changes in the structure 

of the composite material. Various reinforcement elements and ratios can be 
used in the production stages. Because of their superior strength-to-weight 
percentage, increased wear, and oxidation resistance, MMCs are preferred in 
many industry sectors (Sharma et al., 2021). Among MMCs, ceramic-based 
materials such as oxides, carbides, and nitrides provide increased mechanical 
performances with precipitation and dislocation hardening properties (Salur, 
Acarer, & Şavkliyildiz, 2021). Pure copper used as the main matrix material has 
excellent thermal and electrical conductivity (S. Şap, Turgut, & Uzun, 2021; S. 
Şap, Uzun, et al., 2021). Pure copper has low mechanical properties; therefore, 
its strength is increased by strengthening it with reinforcing elements (Bahador 
et al., 2020). To increase the strength of pure copper, many reinforcing elements 
such as SiC (Abd El Aal, 2017), Al2O3 (Hussain, Khan, & Sarmah, 2020), Ti 
(Sap, 2021), Co (Sap, 2020), TiC (Islak, Buytoz, & Eski, 2015), and TiB2 (Cao 
et al., 2020) are added. Our study used Co and Ti powder particles to increase 
tribological and mechanical performances.
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Since the cutting time is longer in machining than in other manufacturing 
methods, the energy consumed is also higher (Gupta et al., 2022). Increasing cutting 
times, metal removal rates, cutting parameters, and cooling techniques directly affect 
energy consumption (Khan et al., 2021; S. Şap et al., 2022; Usca, Uzun, Kuntoğlu, Sap, 
& Gupta, 2021). As a result, it is critical to calculate and analyze the power consumption 
during design and manufacturing. Finally, power consumption can be reduced by 
optimizing cutting parameters and cutting environments (Korkmaz & Günay, 2018). In 
machining operations, extreme heat in the cutting area can severely affect the specimen 
and cutting tool. To prevent this undesirable situation, cooling/lubrication techniques 
that are not harmful to the environment or human health are used instead of traditional 
cooling liquids. Thanks to these environmentally friendly cutting fluids, machining 
processes can be continued without damaging the cutting tools. Therefore, power 
consumption can be reduced indirectly as the life of the cutting tool increases. Because 
a cutting tool that cannot cut perfectly can cause more power consumption.

In the literature, many researchers are working on composite materials’ 
machinability and energy consumption. Bhushan  added 15 wt.% silicon carbide 
to 7075 Al alloy and optimized multiple response evaluations such as machining 
parameters, power consumption, and tool life in CNC turning. As a result, 
energy consumption was reduced by 13.55%, while tool life was increased 
by 22.12% (Bhushan, 2013). Karabulut et al. investigated the mechanical and 
machinability properties of B4C reinforced Al 6061. It was also reported that 
power consumption and surface roughness increased with compressed air cooling 
(Karabulut, Karakoç, & Çıtak, 2016). Arulkirubakaran et al. used linear textures 
using tungsten carbide inserts during machining the Al-Cu/TiB2 composite. As 
a result, they reported that the insert with the texture perpendicular to the chip 
flow direction exhibited improvement in specific energy consumption and tool 
wear (Arulkirubakaran, Senthilkumar, Chilamwar, & Senthil, 2019).

Studies on power consumption optimization, analysis, and estimation of 
hybrid reinforced composite materials seem limited. Therefore, investigating 
the power consumption by milling reinforced copper-based hybrid composites 
(Cu/Co-Ti) will contribute to the literature. The effects of cooling/lubrication 
strategies used during grinding copper-based composites consolidated with 
different reinforcement particles on power consumption are discussed in detail. 
In addition, the effects of processing parameters on power consumption were 
also investigated. This study investigated the power consumption of Cu/Co-Ti 
hybrid composites during milling using different reinforcement ratios, cutting 
speed, feed rate, and cooling/lubrication environment.
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2. Experimental Part

2.1.	Composite	fabrication

In the fabrication of composite materials, Cu (particle size <44 μm, purity 
≥99.90) was used as the main matrix and Co (particle size <1.8 μm, purity 
≥99.50) and Ti (particle size <44 μm, purity ≥99.90) as reinforcement element. 
0-5-10-15 wt.% Co and Ti were added to the matrix structure. Under 600 MPa 
pressure, the uniform dried particles were pressurized in a press machine. The 
samples obtained were sintered in a furnace at 1000 °C in the presence of argon 
gas. The experimental samples measured 40 mm in length, 15 mm in width, and 
13 mm in thickness.

2.2.	Machinability	procedure

Tests on machinability were carried out on a CNC milling device in dry, 
air, MQL, and cryo-LN2 cutting environments. In the milling experimental 
tests, AlTiN layered ISO 13399 inserts were used. Cutting variables included 
two cutting velocities (200-300 m/min), two feed levels (0.2-0.3 mm/rev), and 
a depth of cut (0.25 mm). In the MQL device, a Werte Micro Stn-15 version 
potentiometer-controlled lubrication mechanism was used. The MQL system 
was positioned 50 mm from the cutting zone. Liquid nitrogen (-196 °C) was 
applied as the coolant in the cryo-LN2 system. The Taylor Wharton LD-50 tank 
held compressed gas. Transportation was provided from the liquid nitrogen tank 
to the cutting area with the help of a nozzle with a diameter of 2 mm. The nozzle 
was placed 35 degrees and 50 millimeters away from the cutting region. Figure 
1 depicts the experimental design.

Figuıre 1. Test scheme
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A power analyzer (HIOKI-PW3198) for power/energy consumption 
was used as the response parameter in the CNC milling experiments. To 
measure the power drawn from the CNC machine, the measurement cables 
of the power analyzer were connected to the machine. The energy consumed 
and the total cutting power were calculated with a special power analyzer 
software. Figure 2 shows the power consumption and time required during 
each test period. The values seen in the graph belong to experiment number 
three (cutting speed 300 m/min, feed rate 0.3, and reinforcement rate 0 wt.%). 
These calculations were made for 16 experiments, and the power consumption 
values were obtained.

Fig. 2. Calculation of energy consumption in experiment number three

2.3.	Taguchi	design

CNC milling tets were designed using Taguchi’s L16 orthogonal array. The 
variables and levels used are given in Table 1. Minitab 19 software was used for 
the analysis of the designed sequence. With the analysis made, the total number 
of experiments was reduced. Then, the results’ contribution rates of response 
parameters (reinforcement rate, cooling/lubrication, cutting speed, and feed 
rate) were calculated by analysis of variance (ANOVA).
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Table 1. CNC milling variables and levels (E. Şap, Usca, & Uzun, 2022)

Milling parameters Unit
Levels

1 2 3 4
A-Particle rate wt.% 0 5 10 15

B-Cutting environment - Dry Air MQL Cryogenic

C-Cutting speed, (Vc ) m/min 200 300 - -

D-Feed rate, (f ) mm/rev 0.2 0.3 - -

The “smaller is better” option was used in this study to analyze the spent 
power consumption. The smallest values were calculated by Eq.(1)

   ( )2

i=1

1/ 10 log     
n

S N y
n

é ù
= - ê ú

ë û
å  (1)

Here y; response parameters (energy consumption), n; the repeating 
number for the test conditions, i; It represents n repetition times. Taguchi L16 
test design is shown in Table 2.

Table 2. Experimental of Taguchi design L16 (E. Şap et al., 2022)

Experiment 
number

Particle rate 
(wt.%)

Cooling/ 
Lubricating

Cutting Speed 
(m/min)

Feed Rate 
(mm/rev)

1 0 Dry 200 0.2
2 0 Air 200 0.2
3 0 MQL 300 0.3
4 0 Cryo 300 0.3
5 5 Dry 200 0.3
6 5 Air 200 0.3
7 5 MQL 300 0.2
8 5 Cryo 300 0.2
9 10 Dry 300 0.2
10 10 Air 300 0.2
11 10 MQL 200 0.3
12 10 Cryo 200 0.3
13 15 Dry 300 0.3
14 15 Air 300 0.3
15 15 MQL 200 0.2
16 15 Cryo 200 0.2
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3. Evaluation of power consumption

As the human population in the world increases, energy consumption 
and production costs become a problem that needs to be solved with more 
effort. Using energy more efficiently and reducing the amount of energy 
consumed is the best way to conserve resources. It is estimated that the energy 
demand tends to increase daily and will continue to increase after that. As a 
result, the need for energy in the production sector is increasing, and a large 
part of this need is in the machining industry (Bilga, Singh, & Kumar, 2016). 
For these reasons, improving machinability in energy saving is a remarkable 
issue. Many researchers focus on effective and low-cost cooling/lubrication 
strategies in this context. Among these cooling/lubrication strategies, MQL 
(Minimum Quantity Lubrication) and cryogenic cooling techniques have 
become very popular recently. In this study, the effects of clean cutting 
environments (MQL and cryo-LN2) and cutting parameters (cutting speed-
feed rate) on power consumption were investigated (Fig. 2, Fig. 3). Although 
machining is performed in dry cutting environments without harming the 
environment and without the need for additional equipment, the overall cutting 
performance is discussed. When Fig. 2 is examined, it is seen that the power 
consumption tends to decrease from dry to cryo-LN2. In the cryogenic cutting 
environment, access to the cutting zone, the cutting tool, and the workpiece 
is easily provided. This has important tribological effects by reducing 
friction in the cutting zone (Musfirah, Ghani, & Haron, 2017). There is a 
13.4% reduction between the lowest consumption achieved in the cryo-LN2 
environment and the lowest consumption achieved in the dry environment. 
From the point of view of the MQL environment, it is seen that the power 
consumption is considerably reduced under certain conditions. The lowest 
power consumption was obtained in the MQL environment with 914.6 W. 
It has been reported that cutting forces are reduced, and power consumption 
is reduced to minimum levels by forming oil layers around the cutting zone 
(Jamil et al., 2021).
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Fig. 2. Graphics showing the relationship of cutting power with different parameters; 
a) Coolin/lubrication-Reinforcement rate, b) Cutting speed-Feed rate

When evaluated in terms of cutting parameters, power consumption 
decreases at higher feed rates and lower cutting speeds (Fig. 3). As the total 
time decreases by increasing the feed rate, the cutting power decreases 
proportionally. However, with the increase in cutting speed, the deformation 
increases, increasing power consumption.

Fig. 3. Power consumption graph at different cutting and feed rates
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To obtain optimum conditions, statistical analysis was performed, and the 
most appropriate response parameters were determined. Many studies are using 
single or multiple optimization methods. Especially Taguchi’s S/N (signal-
to-noise) ratio is more preferred in machinability applications. Table 3 shows 
cutting power test results, estimated results, and S/N ratios.

Table 3. Cutting power test results, predict results and S/N ratio values

Exp. No Cutting power (W) Predict values (W) S/N for Cutting power (dB)

1 1060.2 1064.5 -60.5078

2 1003.9 995.9 -60.0338

3 914.6 920.2 -59.2246

4 918.0 916.0 -59.2569

5 1082.4 1086.3 -60.6878

6 1018.0 1017.7 -60.1550

7 971.0 970.1 -59.7444

8 968.7 965.9 -59.7238

9 1182.0 1177.9 -61.4523

10 1101.7 1109.3 -60.8413

11 927.5 936.3 -59.3463

12 944.7 932.1 -59.5059

13 1157.6 1153.3 -61.2712

14 1084.1 1084.7 -60.7014

15 953.5 939.8 -59.5864

16 918.3 935.6 -59.2597

Fig. 4 represents S/N graphics for different cutting environments and 
cutting parameters. When the S/N graphics are examined, the best option 
according to the reinforcement ratio; is pure sample without supplementation, 
cryo-LN2 environment, 200 m/min cutting speed, and 0.3 mm/rev feed rate. It is 
seen that the power consumption increases as the particle ratio of the composites 
increases. This increase is attributed to the increase in the particle ratio in the 
composite samples. Because hard reinforcement elements increase tool wear 
during machining and indirectly increase power consumption. However, some 
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reduction was noted in the 15 wt.% reinforced samples. Cryo-LN2 is the best 
option for cooling/lubrication factors. The temperatures in the cutting zone 
are reduced to minimum levels with cryo-LN2, reducing tool wear. Therefore, 
the power consumption is also reduced. It was discovered that as the cutting 
speed increased, so did the energy consumption. Increasing the cutting speed 
necessitates more power from the machine. It can be seen that as the feed rate 
increases, so does the power requirements. With the increase of the feed rate, 
the machining time decreases, and the total power consumed decreases in direct 
proportion.

Fig. 4. S/N ratios for different cutting environments  
and parameters of power consumption

ANOVA, which is frequently used in the literature, was done to determine 
statistical significance and contribution rates. Table 4 shows the contribution 
rates of the control factors and the percentage of “F” and “P” values. If 
P<0.05 results from the analysis, the importance of the control factor is 95% 
and significant. “F” indicates the power of the control factors to resolve 
the responses. As can be seen from the table, it is seen that the “P” values 
for all control factors are less than 0.05. Therefore, it is understood that the 
analysis made here is statistically significant. It is seen that the most effective 
control factor for cutting power is cooling/lubrication (82.970%). In order of 
contribution, reinforcement rate (7.906%), cutting speed (7.427%), and feed 
rate (0.757%) come next. Fig. 5 represents the graph of the test results and the 
predicted values in the analysis.
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Table 4. ANOVA results for cutting power

Cutting power DF
Seq 
SS

Adj 
SS

Adj 
MS F P

Contrib.
rate (%)

A-Reinforcement 3 0.6531 0.6531 0.2177 19.67 0.0008660 7.906
B-Cooling/
Lubricating

3 6.854 6.8544 2.2848 206.42 0.0000003 82.970

C-Cutting Speed 1 0.6135 0.6135 0.6135 55.43 0.0001438 7.427
D-Feed Rate 1 0.0625 0.0625 0.0625 5.65 0.0490589 0.757
Residual Error 7 0.0774 0.0774 0.0110 0.937
Total 15 8.2612 100

Fig. 5. Comparison of test results with predicted values

4. Conclusions

To summarize, the power consumption by milling hybrid reinforced 
Cu composites was investigated by statistical method. As a result, 0 wt.% 
contribution rate, cryo-LN2 cooling environment, 200 m/min cutting speed, and 
0.3 mm/rev feed rate factors are optimum values to achieve minimum power 
consumption. In addition, as a result of the analysis, it was determined that the 
cooling/lubrication factor affected the power consumption by 82.907%. Thus, 
it can be recommended as a suitable option in machining due to the positive 
effects of environmentally friendly cooling strategies on power consumption.
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1. Introduction

TWIP steels are of high importance due to its excellent elongation 
and tensile strength. These steels have high elongation up to ~55% 
and ~1000 MPa tensile strengths. Due to high Mn content, the 

microstructure is fully austenitic. Formation of the twins are adjusted by 
stacking fault energy. The stacking fault energy is designed to be between  
12-30 mJ·m-2 (Benzing et al., 2018; Lee et al., 2014; Liu et al., 2016; Pierce 
et al., 2014). While deformation is happening, the twins are formed. These 
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twins act like grain boundaries (Özen & Aslanlar, 2021). With increasing 
the deformation rate, the twins are also generated successively (J. Chen et 
al., 2018; L. Chen et al., 2007; Niendorf et al., 2013; Wu et al., 2012). This 
successive dividing effect increases tensile strength like hall-petch effect (J. 
Chen et al., 2018; Kang et al., 2017; Lan & Zhang, 2017a; Li et al., 2020; Tian 
et al., 2017). Although twin formation rate decreases the elongation during 
deformation, high elongation still remains. Thereby, high tensile strength and 
high elongation are obtained. 

Another important steel from advanced high strength steel (AHSS) family 
is martensitic steels. Tensile strength of the martensitic steels can exceed 2000 
MPa with limited elongation (Onar et al., 2019). These steels are employed as 
anti-intrusion parts such as reinforcement bars inside the doors. 

To obtain successful welding, the tensile strength of the joint should 
be as strong as the weaker material to be welded . Weldability of dissimilar 
steels contains some weld defects. The phase diagram of both steels should be 
taken into consideration (Hong & Shin, 2017). As for dissimilar joints of TWIP 
and martensitic steels, there are several problems due to high Mn content and 
different phase structure (Ahmed et al., 2016). Especially, Mn segregation at 
HAZ of the TWIP steel side limits the tensile-shear strength (Palanisamy et al., 
2018). 

Tensile-shear strength and tensile-peel strength denote strength of the joint 
with axial and peeling from each other, respectively. So far, the weldability 
of dissimilar TWIP and martensitic steel was evaluated with tensile-shear 
and microstructural characterizations. In this study, tensile-shear and tensile-
peeling characterizations of dissimilar TWIP and martensitic steels have been 
investigated.  

2. Materials and Method

The martensitic steel was acquired from SSAB as MS1200 grade with 
1.2-mm thickness. Fe-18Mn-2.7Al-1.2C TWIP steel was acquired from local 
dealers with a thickness of 1.4-mm. Any coating application on the surface 
of the steels was not implemented. The steel sheets were sliced to 30 x 
 100-mm. 
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Figure 1. Drawings of the test specimens a) Tensile-peel and b) Tensile-shear 

Resistance spot welding machine with 120 kVA capacity was employed 
in the welds. Welding currents and welding times were adjusted with electronic 
interface. 4, 6.5, 7.5, 8.5, 10, 12, 13 and 14.5 kA employed as welding currents. 
Welding times was between 5-30 cycle with 5 period increments. Welding 
currents and welding times were also controlled by Dengenshia welding 
amperemeter to verify the welding conditions. Cu-Cr electrodes with 6-mm tip 
diameter were employed according to EN ISO5182. Tensile-peel and tensile-
shear tests were executed in Shimadzu universal testing device having 50 kN 
maximum tensile capacity. Tensile speed was adjusted to 1 mm/s. Trapezium 
software was used for collecting data of the experiments.

3. Results and Discussions

3.1.	Characterization	of	the	tensile-peel	test	

In tensile-peel experiments, interfacial and tearing type rupture modes were 
coincided. Figure 2 shows the tensile-peel to elongation curve and behavior of a 
sample exhibiting interfacial rupture. With application of the tensile force in the 
first region, the joint slightly unfolded due to its geometry and exhibits an elastic 
behavior. Then, tearing begins in the notch formed at the weld nugget. At this 
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point, separation starts because the notch cannot withstand the highest point of 
the pre-tensile force. After a small decrease was formed, an increase in force was 
observed. Since separation of the weld nugget section was commenced, tensile-
peeling load increases. Sudden rupture happened between surfaces because of a 
reduced low weld nugget area in the remaining section that was not being able 
to withstand the applied force.

The tensile-peel load against elongation exhibits serrated type curve. The 
successive twinning action triggers the upward curve behavior. Conversely, 
the downward action of the curve is controlled by separation. Thereby, a relief 
in stress causes a downward behavior till new twinning action. This serrated-
shaped rises and falls are also associated with DSA (Dynamic Strain Aging) 
(Lan & Zhang, 2017b; Madivala et al., 2018).

Figure 2. Tensile-peel against elongation obtained with interfacial fracture mode 

Figure 3 shows the tensile-peel and elongation graph showing tearing type 
rupture behavior. The tensile-peel to the elongation graph is divided into five 
regions according to their characterization. Pre-loading took place in the first 
region as explained earlier. In the second region, the onset of rupture occurs 
around the weld nugget diameter. Since this tear originates from a single point, 



TENSILE-PEEL AND TENSILE-SHEAR CHARACTHERITICS OF RESISTANCE SPOT . . .     173

it shows a low force reaction. In the third region, an increase in tensile-peel 
load is observed as the tearing zones are divided and separated. In zone 4, the 
tearing progressed from the heat-affected zone to the base metal. At this time, 
tensile-peeling force decreases and then increases due to the effect of the heat-
affected zone (HAZ). An increase occurs as a result of continued tearing from 
two different regions that continue to tear from HAZ to the base metal. HAZ 
has coarse grains whereas base metal has much coarser grains. Therefore, high 
force can be expected in the fine-grained base metal section. In region 5, the 
rupture begins. The rupture side occurred on the TWIP side in all experiments. 
This character behavior at ruptures is compatible with the TWIP steels subjected 
to the tensile test. 

Figure 3. Tensile-peel load against elongation obtained in tearing type rupture
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3.2.	Characterization	of	the	tensile-shear	test	

Figure 4 Tensile-shear load against elongation obtained with IF mode

The tensile-shear to elongation behavior with interfacial fracture (IF) type 
rupture is shown in Figure 4. Pre-stress provided by initial tensile shear force 
takes place in first region. In region 2, the applied force reaches the maximum 
point but no rupture occurs. The onset of tearing commences in region 3. Then, 
due to the contraction of the weld nugget cross section, the force decreases and 
separation begins in region 4. In the fifth region, the actual cross section at that 
moment cannot withstand the applied force, so the section suddenly breaks.

Partial interfacial fracture (PIF) type separation mode was obtained in the 
range of 6.5-10 kA current intensity with 5 period welding time. As for between 
10 and 25 period welding time, PIF was between 7.5 and 8.5 kA welding current 
values. In the welding time of 30 period, the PIF region has widened even more 
and PIF separation was observed between 6.5-8.5 kA current intensities.

Figure 5. Tensile-shear against elongation obtained with PIF mode 
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The tensile-shear to elongation behavior obtained with partial interfacial 
fracture (PIF) type separation is shown in Figure 5.  Regions 1 and 2, as 
mentioned in the previous separation type, are the non-separation regions where 
the pre-stress and the highest tensile-shear force occur, respectively. In the 
third region, the separation commences between the surfaces, namely, from the 
weld nugget. In the fourth region, the direction of separation changes from the 
direction parallel to the tension axis to the direction perpendicular to the tension 
axis. Thus, the onset of peripheral rupture occurs. The non-linear behavior in this 
region is resulted from the effect of grain orientations forming circumference of 
the weld nugget. A similar effect can be observed in the sudden change of the 
direction of separation between the third and fourth regions. In addition, the 
high elongation can be explained by the fact that the separated weld nugget 
folded towards the other side during the tensile-shear test.

Pull-out failure (PF) type separation mode was formed at the high currents 
for each welding time level. PF type separation mode was obtained between 
12-14.5 kA welding current intensity for 5 period welding time as well as 
between 10-14.5 kA welding current intensity for 10 and 15 period welding time. 
However, as the welding time increases, the PF type separation is limited to the 
upper limit due to expulsions happening at high current densities, contracting 
applicable current ranges. For this reason, PF type separation mode was observed 
between 10-13 kA welding current values for 20-25 period welding times, and 
between 10 - 12 kA welding currents for 30 periods.

Figure 6. Tensile-shear vs elongation graph obtained with pull-out failure (PF) mode 
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The tensile-shear and elongation behavior with PF type separation mode 
is presented in Figure 6. Regions numbered with 1 and 2 are the regions where 
the pre-stress and the highest tensile-shear force was yielded, respectively. At 
this maximum point, the separation has not yet commenced. In the third region, 
rupture begins, and then the force gradient towards the middle of the weld nugget 
is different from the slope that occurs after the middle zone (region 4). This is 
due to the deflection shown during separation. The main reason for the change 
in the force slope is that the grain orientations due to the direction changes are 
in the direction of the force.

4. Conclusions

In this work, separation characteristics of the resistance spot welded 
Martensitic and TWIP1000 steel were investigated in terms of tensile-peel and 
tensile-shear tests. The load interactions in terms of elongation have reflected 
their separation characteristics. The inclination and declination of the load-
elongation curves have also revealed the point at which stage is running. 
Serrations on the curve are resulted from successive twinning and revealing 
behavior. The maximum bearing capacities are obtained prior to deformation 
of weld nugget or HAZ. Sharp declines also a sign of area reduction while 
separating. The loads both for tensile-shear and for tensile peel test represents 
cross section area of being cut. The tensile-shear and tensile peel loads are also 
reflects their microstructural properties. These tests can explain the degree of 
microstructural weakness. 
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1. Introduction

In parallel with scientific and technological developments, the interest in 
surface engineering is increasing day by day in order to improve the surface 
properties of materials and to gain new engineering properties. Coatings can 

provide a wide variety of qualities, including improved surface hardness, wear 
and corrosion resistance, changes in wettability, hydrophobicity, hydrophilicity, 
and others (Batchelor and Stachowiak, 2013; Bhushan and Grupta, 1991). The 
surface coats created improve the mechanical properties of the surface and make 
them more resistant to the environment in which they will be used. Surface 
treatments are carried out not only to improve the mechanical properties of the 
metal on which they are applied, but also to give them aesthetic beauty. Although 
there are several surface treatment procedures, surfacing techniques are the most 
popular. Depending on the application, different surface coating techniques are 
used. As a result, coating processes can be quite difficult to categorize. Surface 
coating methods; It can be considered in three groups as vapor deposition, 
electrolytic coating and surface melting methods. The classification of coating 
methods is given in Figure 1. Surface alloying by welding processes, one of 
the melting methods, is a new technique in surface modification methods and 
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has a wide place in surface engineering. Again, one of the melting methods, 
thermal spraying is an effective method, and especially the high-velocity-oxy-
fuel (HVOF) spraying method draws attention with its advantages among spray-
based methods. However, the most common melt-based surfacing techniques 
are discussed below.

Figure 1. Classification of coating methods  
(Hutchings and Shipway, 2017; Yıldırım, 2001; Islak, 2005)

2. Thermal Spraying

Nowadays, thermal spraying includes all methods of surface coating of 
melted metal powders inside or outside the spray gun. The most important 
advantage of thermal spraying method is that molten droplets spread over 
the non-melting base material. Heating occurs only at the base material 
surface (Bunshah, 2001). The thermal spray method is used to increase 
wear resistance and for maintenance purposes. This method; widely used 
in automotive, biomedical, turbomachinery and general repair-maintenance 
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industries. Millions of dollars can be saved worldwide by improving the wear 
properties of machine parts and producing wear-resistant coatings using the 
thermal spray method. Thermal spraying is a term used to express a group of 
methods that deposit very thin metallic or non-metallic materials onto the base 
metal that has already been prepared in order to obtain a coating layer. coating 
material; the powder may be in the form of rods or wires. The thermal spray 
gun obtains the heat required to melt the coating material with a plasma arc, 
combustible gases or an electric arc. The melted coating material passes to the 
surface thanks to the gases used in the method. Particles hitting the surface 
form a thin layer and provide a bond. The coating cools to produce a lamellar 
structure. Figure 2 shows the formation of the thermal spray layer (Kandeva-
Ivanova et al., 2016)

Figure 2. Thermal spray layer formation 

The fusion of the molten coating material with the base metal and the 
formation of layers with each other depend on its diffusion or welding ability. 
Coatings are generally formed by mechanical bonding and locally various 
classes of chemical bond strengths (Villat, 1986). Thermal spraying methods 
consist of five groups: flame spray, electric arc spray, detonation spray (D-Gun), 
plasma spray, and high velocity oxy-fuel (HVOF) spray.

2.1.	Flame	Spraying

In the flame spray method, the necessary heat is generated by the controlled 
ignition of a flammable gas (acetylene, propane and oxygen-hydrogen) used to 
melt the coating material. The heat generated by the ignition of the gas melts the 
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coating material and the liquid coating material formed in this way is blasted to 
the base material surface with compressed air. The liquid coating material hits 
the surface and then loses heat and cools (Islak, 2005). The coating material may 
be in the form of wire or powder. The modification made in the flame spray gun 
to spray this coating material is in the form of nozzles or air gaps. In addition, 
the gases used in this method; oxygen-acetylene, oxygen-propane or oxygen-
hydrogen (Pawlowski, 2008). Figure 3 shows the schematic principle of wire 
flame spraying.

Figure 3. Wire flame spray (URL-1)

In case the coating material is in powder form, the powder material is 
injected into the flame, where it is heated and sent to the workpiece surface 
by a stream of hot gas. In the appropriate position of the coating material 
in the form of wire or rod, a melting point is formed in the flame, and the 
flame is converted into a spray stream by spraying compressed air there. 
Then the particles are sent towards the workpiece (Bach and Duda, 2000; 
Sarı et al., 1997). The fact that all thermal spraying methods are carried out in 
air causes a significant amount of air capture during the coating process and 
the formation of voids in the coating. However, there is also the oxidation of 
molten droplets during the spraying process. Mechanical strength decreases 
at void levels up to 20%. However; In some special cases, for example, in 
some tribological applications, such as lubricated sliding, controlled-formed 
cavities are useful to provide useful regional oil stores (Hutchings and 
Shipway, 2017).
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2.2.	Plasma	Spraying

Plasma spraying method has the most flexible usage chance and variety 
among the thermal spraying methods. The high temperature of the plasma spray 
method is valuable in preventing high temperature corrosion and wear; In special 
thermal applications, it provides the deposition of the coating for electrical and 
biomedical purposes. Figure 4 shows the shape of plasma spraying.

Figure 4. Plasma Spraying (Wang, 2010)

An electric arc initiated by a high-frequency spark is an energy source for 
plasma sputtering. The arc in the DC plasma gun burns between the cylindrical 
tungsten (W) cathode and the radial, concentric copper anode (nozzle). Generally 
used gases are sent into the nozzle in the form of argon, helium or nitrogen 
or a mixture of these gases. When these gases cross the arc; Reactions occur 
between the electrons coming from the cathodic source and the gas molecules 
that cause the formation of the plasma state (Bunshah, 2001). As the gases reach 
the rear, they heat up, expand radially and axially, and accelerate toward the exit 
of the nozzle. Then, the atoms and molecules of the plasma gas combine with 
an exothermic reaction and thus the temperature in the core can take a value 
higher than 10000 K due to the diffusion of heat and radiation. Thermoelectric 
and electromagnetic effects increase the energy density by limiting the core 
structure of the arc (Bunshah, 2001). The coating material (usually in powder 
form) is injected with a carrier gas into a high-energy plasma jet. Depending 
on the design of the plasma burner, the injection point may be outside or inside 
the powder hole at various angles to the jet axis. Particle velocities can reach 
300-700 m/s depending on method design, plasma gas and coating material. 
The combination of radial and axial velocities combined with the properties 
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of the blasted powder material causes the powder particles to move in various 
trajectories. Plasma spraying method can be performed at different pressure 
values in different atmospheres (environments). The process variables of the 
plasma spray method are given.

Atmospheric Plasma Spraying (APS): The most economical plasma 
spraying method is the atmospheric plasma spraying method. In the method, the 
dust particles are in contact with the air atmosphere. The air atmosphere limits 
the choice of coating material. Because dust particles can be oxidized in the 
air atmosphere. The main application area of   APS is the production of coating 
layers to protect against wear and corrosion. Oxide ceramic coating materials 
are commonly used in APS. Other coating materials are metals and especially 
some alloys that are not affected by the oxidizing environment. The porosity of 
APS coatings is usually between 1-5%. The spray distance between the base 
material and the plasma torch is approximately 100-150 mm, depending on the 
materials and spray parameters.

High Power Plasma Spraying (HPPS): With the development of 
atmospheric plasma sputtering, HPPS emerged. This improvement is necessary 
for better coating density and bond strength for high melting point ceramic 
materials. Advantages of this method; higher power levels (200 kW), higher 
gas flow, precipitation rate and higher efficiency. The most typical example 
of HPPS is the coating of a chromium oxide (Cr2O3) layer on the printing  
cylinders.

Vacuum Plasma Spraying (VPS): VPS coatings are made in a closed 
chamber at a reduced pressure. Before the coating method, the pressure of the 
chamber is lowered to below 10-1 mbar. The coating chamber is then filled 
with an inert gas. The coating process starts after this stage. The pressure of the 
chamber is about 50-400 mbar. With the VPS method, a cleaner, denser, pure 
and oxide-free coating layer is obtained (Bunshah, 2001; Villat, 1986).

Inert Gas Plasma Spraying (IPS): Unlike VPS, the depressurized 
spray chamber is cleaned with a passive (inert) gas (Ar, N) at 1 bar pressure. 
Therefore, oxidation reactions do not occur in both the base material and the 
coating material.

Controlled Materials Plasma Spraying (CAPS): The combination of 
vacuum plasma spraying and inert gas plasma spraying in one system results in 
controlled atmosphere plasma spraying (CAPS). VPS coatings are produced in 
the pressure range of 50-400 mbar. IPS coatings are deposited at 1 bar pressure, 
and plasma spray coatings are deposited at high pressures such as 4 bar.



DEVELOPMENTS IN MELTING-BASED SURFACE COATING METHODS TO INCREASING . . .     185

2.3.	Detonation	Spraying	(D-Gun)

In this method, thermal and kinetic energies of combustible gases are 
utilized. Obtaining well-bonded layers with low voids is the main goal of the 
method. The spray gun consists of a long barrel tube and the powder coating 
material is delivered in nitrogen gas suspension. The oxygen-acetylene mixture 
is ignited several times per second (4-8 times) with an electric spark, creating a 
series of controlled detonation waves that heat and accelerate the dust particles. 
After each time the powder is injected, the nitrogen gas is discharged before 
the explosion (Sarı et al., 1997). In this method, the flame temperature is 
approximately 3000°C, the temperature of the base material is below 150 °C 
with the CO2 cooling system and the speed of the molten drops is 800 m/s. 
Such high-velocity drops form low-void (0.5-1%) and well-bonded coatings on 
the base metal (Hutchings and Shipway, 2017; Özenbaş, 1995). The method is 
very noisy and the sound intensity is more than 150 dB. Therefore, the process 
is carried out in a soundproof room (Sarı et al., 1997). Figure 5 shows the 
detonation spray coating system.

Figure 5. Detonation spray coating system (URL-2).

2.4.	Electric	Arc	Spraying

Electric arc spraying is a traditional coating method for thin metallic 
coatings in the 100-1500 µm thickness range for corrosion, erosion and abrasion 
resistance. The method consists of depositing two wires transmitted by a motor 
onto the surface. When the wires reach a critical area, an electric arc is formed. 
The arc melts the ends of the wires and with a suitable gas atomization, the 
molten metal wire ends accelerate towards the metal surface in the form of 
drops, cool on the surface and a coating layer is obtained. With this method, 
an electric arc spray can be produced in an insulating chamber by preforming 
protective passive (inert) gas atomization in a section of superalloy high-
temperature structural materials such as Ni. Electric arc sputtering has a melt 
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flow rate of 1-10 g/s (Matthew et al., 2002). This electric arc spraying method 
is also called the “cold method” since the material surface temperature can be 
kept low during operation in order to avoid irregularities that may occur on 
the material surface such as metallurgical changes and warping. Electric arc-
formed coatings are denser and tougher than the combustion-sprayed coatings 
equivalent to this method. Low running costs, high spray rates and efficiency 
allow it to be used in large areas. Disadvantages of spraying with electric arc; 
only the conductive wires can be sprayed and a separate heat source is needed 
if a pre-heating is desired to the surface. The main applications of electric arc 
spraying are aluminum and zinc coatings for corrosion protection and coating 
of large machine parts. Figure 6 gives a schematic picture of the electric arc 
spraying process.

Figure 6. Schematic picture of the electric arc spray process (URL-3)

2.5.	High	Velocity	Oxy-Fuel	(HVOF)	Spraying

The high-velocity oxy-fuel (HVOF) method is the most important 
development in metal spraying technology in recent years. The most recent 
development in HVOF equipment is the change from gaseous fuel to liquid 
fuel. The HVOF method is one of the thermal spraying methods that can be 
adapted to many industries in terms of cost-effectiveness and flexibility of 
the method. Industry branches where the HVOF method is used are given  
in Table 1.
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Table 1. Various Industries and Applications of the HVOF Method (Tan et al., 1999).

Industry branch Application Materials
Paper Industry Various rollers WC-Co-Cr, Cr2O3

Steel Industry Furnace, conveyor rollers Cr3O2-NiCr
Printing Industry Measuring rollers Cr2O3

Textile Industry Transport roller Al2O3-TiO2

In tools Shut-off valves WC-Co+WC-Ni, Cr3C2- NiCr
Electronics Industry Conductive cables Cu
Factory 
Construction

Miller, chemical tools, 
separators

Al2O3, Mo

Automotive Industry Friction discs Mo

In the HVOF system, the burning gases and the dust in the nozzle come 
out at a very high speed with the expansion of the gas jet. Compared to the 
D-Gun, the combustion in the HVOF is continuous. Combustion in the chamber 
occurs under high pressure (> 8 bar) and therefore combustible gases such as 
propane and propylene must be stable under pressure. Various HVOF systems 
differ in the geometry of the nozzle, the design of the combustion chamber, 
and the way the powder is injected. Depending on the type of nozzle system 
and HVOF system, the powder coating material is injected into the hot gases. 
Heating of the particles is provided by injecting them into the hot gases. 
Heating and acceleration in particles occur in the barrel of the gun. The flame 
temperature is about 3000 °C. The velocity of the expanding gases at the torch 
exit is 1200 m/s. The speed of dust particles can reach up to 600 m/s depending 
on the density, shape and size of the powders. Working at high particle velocities 
and fairly moderate temperatures, these methods are preferentially used for 
coating materials that tend to deteriorate at high temperatures. Hard metals 
such as WC/Co and Cr3C2/NiCr can be precipitated by this method. Because 
these materials have excellent abrasion resistance and durability. Even FeNiCo 
alloys, Hasteloys, Stellites and Triboloys can be efficiently precipitated by this 
method (Bunshah, 2001). Coatings used in heat and electrical insulation, with 
protection against wear and corrosion, are produced with the HVOF method. 
Spray parameters can be adjusted for specific applications. High precipitation 
rates (15 lt/h) shorten the processing time for large-surface parts (Davis, 2004; 
Bunshah, 2001). The JetKote is the first commercial HVOF torch, where oxygen 
and combustible gas are burned in the torch’s combustion chamber and the hot 
gas is directed towards the gun barrel. The powder inlet is given axially and 
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heated and accelerated to the muzzle with the help of combustible gases. Figure 
7 shows the Jetkote HVOF gun.

Figure 7. Schematic of Jet-Kote II ® - high velocity oxy-fuel (HVOF)  
thermal spray gun and three main modelling steps (Ivosevic et al, 2005).

3. Welding

Machine elements used in every part of the industry are manufactured in 
various ways according to the features and expectations of the place where they 
are used. Sometimes, the features that are not sufficient in manufacturing are 
tried to be gained to that machine element later on. The next features desired to 
be gained can be applied to a material that has never been used or to a machine 
element that has been used and worn a little. Thin or thick hard coatings are 
also frequently applied to machine elements. But sometimes the errors reach 
such a level that it is not possible to compensate for the negativities that occur 
in the machine elements with coatings. Desired surface enhancements in wide 
ranges; It cannot be achieved by wire spraying, powder spraying, thin hard 
coating, chrome plating, PVD, CVD coating. In order to realize such increases, 
it is necessary to provide the use of an additional metal (electrode). Electric arc, 
submerged arc, gas metal arc (TIG, MIG, MAG), laser beam and electron beam 
welding techniques can be used to achieve these surface enhancements. The 
filling of metals with welds, which takes place using professional equipment 
and elements, is also widely used in the machinery industry. During the transfer 
of the additional metal by melting it with an electric arc and transferring it to 
the previously prepared area, some distortions, irregular tension and hardness, 
cracking and surface defects may occur in the material. In addition, since 
smoothness is not provided on the welded surfaces, manufacturing is completed 
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by using any of the machining methods. In addition, by using these welding 
methods, metal and metallic powders with better wear, corrosion and erosion 
resistance than the base material can be passed on to the surface and surface 
modification can be achieved in the form of fusion-based surface alloying. 
Many studies have been carried out in these areas and it has been observed that 
these methods are efficient in surface modification (Islak, 2005).

3.1.	Laser	Beam	Welding	(LBW)

Laser welding is a technique of electromagnetic irradiation and 
microwelding that produces a high-intensity optical energy. Laser welding 
has a rapidly developing application area in the industry in recent years in the 
form of CO2 (carbon dioxide) and Nd YAG (solid state laser). The majority of 
Nd-YAG solid-state lasers are used for microwelding applications. Continuous 
wave CO2 lasers with commercial viability up to 25 kW and Nd-YAG lasers 
with commercial viability up to 2.4 kW are primarily used for deep penetration 
welds (Dubourg et al., 2002). Laser welding has the following advantages when 
compared to traditional welding methods. These:

- Causes minimum distortion of the workpiece with minimum heat input,
- The heat affected zone (HAZ) is very narrow,
- High energy density of the focused laser beam,
- High strength of the source,
- Ability to join difficult-to-weld materials (eg Ti, quartzite, etc.),
- No need for electrode and filler metal,
- Availability of healthy resources (related to position, size and influence),
- Ability to weld or cut mixed shaped parts at high speed,
- It is easy to weld very narrow gaps.

In using the focused beam as welding energy, the welding speed required 
for penetration depends on the type of joint and the material. Penetration is also a 
function of laser type (wavelength), shielding gas selection and flow, reflectivity 
and conductivity of the material, geometry of the welded joint, and cleanliness 
of the weld zone. The main parameters that play a role in laser welding are:

- The power of the laser beam,
- Diameter of the laser beam,
- The ability to absorb the beam,
- Welding speed.
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Laser beam power: In the laser source, the penetration depth is directly 
related to the power density of the laser beam, which is a function of the beam 
power and the beam diameter. At a fixed beam diameter, penetration increases 
with increasing beam power.

Laser beam diameter: This parameter is very important as it determines the 
power density. However, it is very difficult to measure in high power laser beams.

Ability to absorb: The efficiency of the laser source depends on the 
absorption (absorption) of the laser beam by the workpiece. Any heat transfer 
calculation for the laser process depends on the energy absorbed by the 
workpiece. Since the energy absorption of metals is largely dependent on the 
movement of free electrons; The ability to be absorbed is directly related to the 
conductivity of metals.

Welding speed: As the welding speed increases in laser welding, the weld 
penetration decreases. Figure 8 shows the surface alloying process with laser 
beam welding (Dubourg et al., 2002).

Figure 8. Surface Alloying with Laser Beam Welding (Sarkar et al, 2003).

3.2.	Electron	Beam	Welding	(EBW)

Electron beam welding (EBW) is a process that allows the energy of a 
concentrated and directed electron beam to be welded by melting metals. Since 
the kinetic energy of the electron beam is concentrated in a small region of the 
parts to be welded, the energy density in the welding region can reach 108 W/
cm2. In this method, welding is done in high vacuum, low vacuum and non-
vacuum environments. The parts to be welded by electron beam welding are 
usually combined without the use of additional metal and the gap between 
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the two parts to be joined should not be more than 10-2 mm. In electron beam 
welding, the weld seam form is different from other methods. In this method, 
the weld seam (depth/width) ratio is high (25/1). This allows thick parts to be 
welded in one pass and causes the weld pool to be small. As a result, the heat 
input per unit length of the welded part is lower than other welding methods. 
Therefore, narrow weld zone, less distortion effect and error-free welding 
opportunity arises. Figure 9 shows the electron beam source schematically.

Figure 9. Schematic view of the electron beam welding (URL-4).

3.3.	Submerged	Arc	Welding	(SAW)

Submerged arc welding is a welding method in which the protection in the 
welding area is provided by a dust cluster by creating an arc on the workpiece with 
a bare electrode. Electrode and powder come to the welding area automatically. 
The electric current that creates the arc is provided by the electrode through 
the contact zone. The current can be direct current (DC) where the electrode is 
positive or negative pole, or alternating current (AC). After welding is complete, 
the weld metal solidifies. Uncoupled parts and slag are removed (Ogborn, 1993). 
Submerged arc welding is quite powerful. It is possible to weld parts up to 85 mm 
thick with one pass, 180 mm with two passes and 300 mm with multiple passes. 
The thinnest material that can be welded is 1.2 mm. When thick parts are welded 
with this weld, the diameter of the electrode also increases. The smallest electrode 
diameter is 2.4 mm. There are several ways to increase welding efficiency in 
submerged arc welding. These are multiple wire welding, hot wire welding, cold 
wire welding and powder addition welding. In multi-wire welding, all wires 
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move simultaneously towards the welding nozzle at the same speed. The system 
has a welding speed controller and is powered from only one power source. The 
wires in the welding nozzle can be arranged parallel to the welding direction, in 
succession or in triple form. Possible wire arrangements are shown in Figure 10. 
Wire arrangements depend on the metal powder supply to the weld area and the 
intended use. For example, if the surface is to be modified, they must be arranged 
side by side so that they move parallel to each other in the direction of the source. 
The distance between the wires depends on the metal powder delivery route, wire 
diameter, welding parameters and wire elongation. A high voltage of around 50 
Volts is recommended for surface hardening. In this way, good uniform weld 
thicknesses can be achieved (Tusek and Suban, 2003). Figure 11 shows the four-
electrode submerged arc welding system with metal powder addition.

Figure 10. Possible wire arrangements in  
submerged arc welding (Tusek and Suban, 2003).

Figure 11. A four-electrode submerged arc welding  
system with metal powder addition (Tusek and Suban, 2003).
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3.4.	Gas	Tungsten	Arc	(GTA)	Welding

Gas tungsten arc welding (TIG or GTA) is a gas metal arc welding method 
in which the required heat energy is produced by the arc between a non-melting 
tungsten electrode and the workpiece, and the welding zone is protected by a 
protective gas cover of the electrode (Minnick, 1996). The first application of 
gas tungsten arc welding was by Rusell Meredith and V.H. Made by Pauleka 
for magnesium welding. They used DC current type for heat and helium as 
protective atmosphere. The formation of the arc in the method and the use of 
helium as a protective atmosphere led to the development of the concept of 
“Heliarc” (Minnick, 1996; Hicken, 1993). The principle of gas tungsten arc 
welding is given in Figure 12.

Figure 12. Principle of gas tungsten arc welding method (URL-5)

3.4.1.	Surface	Alloying	by	Gas	Tungsten	Arc	Welding	(GTA)	Method

GTA surface modification; It is a method produced from a thin part of the 
substrate material and a suitable combination alloy powder. The melting takes 
place in both materials at the same time and it solidifies immediately after that, 
and it is based on the metallurgical bonding of the coating material and the base 
metal. In this way, the strongest structure is obtained and a great resistance to 
abrasion is created. Weldability is important in the surface alloying method, and 
the properties of the powder alloy and the substrate should be well known and 
the weldability should be well determined before the process.

Mridha et al. (2001) tried to create an intermetallic coating by passing 
Ti-Al (53% Ti + 47% Al) powder particles on the surface of the titanium 
alloy using the TIG welding method. First of all, 50 μm grain size and 99% 
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pure titanium and 150 μm grain size and 98% purity aluminium powder were 
mixed and used, and the powder was attached with a binder on a pure titanium 
plate of 100x50x5 mm dimensions so that the dust does not go away with 
the pressure created during passive gas flow. The optimum amount of binder 
was determined. Because the use of binders more than necessary leads to 
the formation of gaps in the structure. The thickness of the prepared powder 
layer was determined as 0.6-1 mm. 50-100 A is used as the welding current 
and the welding speed is 120-240 mm/min. As a result of the experiment, 
intermetallic compounds consisting of Ti-Al elements in alloyed structure 
were formed. The hardness value reached as a result of this is 500-600 HV, 
and this value gradually decreases from the surface to the inside. Besides, 
good wear resistance behaviours were observed. The scheme of the method 
used in the study and the microstructure obtained after surface coating are 
given in Figure 13.

 
 (a) (b)
Figure 13. (a) GTA surfacing schematic and (b) view of substrate / interface / coating

3.4.2.	Hot	Wire	Feed	GTA	Welding

In a simple hot wire fed GTA welding system, the wire is heated to its 
melting point by a power source before being introduced into the weld pool. 
Apart from this feature, this method is similar to the cold wire fed method. This 
method is used only in semi and fully automatic systems. This method has two 
advantages. The first of these is the achievement of high agglomeration rates and 
low production costs. The other is excellent weld quality (Minnick, 1996). A hot 
wire fed GTA system is given in Figure 14.
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Figure 14. GTA system with hot wire feeding (URL-6)

3.5.	Plasma	Arc	Welding	(PAW)

Plasma arc welding can be defined as a shielding gas arc welding method 
used to join metals through heat transfer with an arc created between a tungsten 
electrode and the work piece. The arc is narrowed in a copper alloy nozzle to 
provide high directivity (Fig. 15). Plasma is created by the ionization of some 
of the plasma gas. The method can be applied with or without an additional 
weld metal (Harris, 1993). The electrodes generally used in plasma arc welding 
are 2% thorium tungsten electrodes with inexhaustible property. In other 
words, electrodes containing 2% thorium are preferably used in the application 
of welding (Harris, 1993). The plasma used in this method has the purpose 
of producing the arc. The shielding gas is used to protect the weld pool from 
the negative effects of the atmosphere during solidification and cooling. The 
shielding gas is almost always argon. The properties of the gas affect both the 
weld shape and the weld quality. In addition to these, weld quality; it determines 
the flow rate, current range, welding speed and welding design (Harris, 1993).

Figure 15. Surface alloying with PAW
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The PAW method is widely applied to stainless steels with a wide thickness 
range. In fact, the method is applied to carbon and alloy steels, aluminium alloys, 
titanium alloys, copper and nickel alloys; it can also be applied to materials 
with different properties such as zirconium and tantalum (Harris, 1993). With 
the PAW method, surface modification can also be done by surface alloying. 
Kim et al., using the chromium-boron powder mixture, transferred the plasma 
arc to the surface (PTA) and investigated the wear properties of the material 
(Bourithis et al., 2002). Bourithis et al. (2002), in a study they conducted, used 
the PTA method to pass boron powders on the surface of AISI 1018 steel. In this 
study, 1300 µm thick cover layer was obtained and the surface hardness was 
measured as 1000 HV. The microstructure photograph obtained in this study 
is given in Figure 16. Plasma arc welding provides a very good heat source for 
most metals with a thickness of 0.02-6 mm. This method has more advantages 
than arc welding methods such as shielding metal arc welding (SMAW), gas 
metal arc welding (GMAW), and gas tungsten arc welding (GTAW). Because 
the PAW method has high energy concentration, good arc stability, high heat 
input and high welding speed. As a result; PAW method has higher penetration 
capacity than SMAW, GMAW and GTAW methods (Connor, 1987).

Figure 16. (a) The transition zone between the substrate and the coating layer and  
(b) SEM micrograph of the transition zone
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1. Introduction

Many articles have been made on bioplastic. In this section, some 
articles on bioplastic have been examined. These studies are:

In an article, the authors explain in the abstract tand conclusions 
that; Greater awareness of environmental sustainability with relevant strict 
environmental regulations The search for new materials has been encouraged 
to replace traditional petroleum-derived plastics. Polyhydroxycanoates (PHAs) 
are attracting interest and considerable attention from intracellular biomers as a 
viable alternative to petrochemical-based plastics, not only because of similar 
physicochemicals properties and outstanding properties such as biodegradability 
and biocompatibility. This review provides a comprehensive overview of the 
latest developments on the respective PHA manufacturer production process 
from different waste streams with microorganisms, both pure and mixed 
microbial Cultures (MMCs). Biography-based PHA production, especially 
when using inexpensive carbon sources with MMCs more interest. The main 
bottlenecks are low production efficiency and inconsistency of double loops. 
Cost-effective downstream processing combined with bioremediation and 
metabolic engineering Promising approaches to overcome the waste-related 
challenges of commercial PHA production. Currently, the commercialization of 
bioplastics is at a crossroads. Strict regulations on the latest ban or minimity oil-
borne conventional plastics, reflected reduction fossil fuel resources and public 
awareness the search for biodegradable and sustainable plastics. Therefore, 
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microbial production of polyhydroxycanoates is increasing is common due to its 
advantages. TO PROVIDE SUSTAINABLE PHA production, basic challenges 
to overcome developing carbon welding and production and extraction 
Efficiency. Proper use of different waste streams carbon source not only reduces 
production costs, but also closes material consumption cycles that are one of the 
following the pillars of the realization of circular economy. Application of waste 
products and mixed microbial cultures metabolic engineering tools, supplied as 
a way forward PHA production processes. Mixed microbial bottleneck cultures 
are irregular properties of the resulting biopsies. Currently, most research studies 
focus on increasing efficiency of the process. But persuading the market to 
accept PHA’s from MMC are the focus of the research achieve the same quality 
with consistent composition biopolymer products and only high production 
efficiency. Biological healing effective extraction methods as well as strategy 
The tool that pushes forward MMC-based PHA production (Khatami, K., Perez-
Zabaleta, M., Owusu-Agyeman, I., & Cetecioglu, Z. ,2021).

  In another article, the authors explain in the summary and conclusions 
that; Currently, the commercialization of bioplastics is at a crossroads. Strict 
regulations on the latest ban or minimity oil-borne conventional plastics, 
reflected reduction fossil fuel resources and public awareness the search 
for biodegradable and sustainable plastics. Therefore microbial production 
of polyhydroxycanoates is increasing is common due to its advantages. TO 
PROVIDE SUSTAINABLE PHA production, basic challenges to overcome 
developing carbon welding and production and extraction Efficiency. Proper 
use of different waste streams carbon source not only reduces production costs, 
but also closes material consumption cycles that are one of the following the 
pillars of the realization of circular economy. Application of waste products 
and mixed microbial cultures metabolic engineering tools, supplied as a way 
forward PHA production processes. Mixed microbial bottleneck cultures are 
irregular properties of the resulting biopsies. Currently, most research studies 
focus on increasing efficiency of the process. But persuading the market to 
accept PHA’s from MMC are the focus of the research achieve the same quality 
with consistent composition biopolymer products and only high production 
efficiency. Biological healing effective extraction methods as well as strategy 
The tool that pushes forward MMC-based PHA production. From the results of 
this study, it can be applied to significantly predict the biological degradation 
of the corresponding modified biomolimers upon the unchanged biopolymer 
degradation of the information. scope. In particular, at the TPS, the changes, 
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biological degradation mechanisms and ratios that occur only in a higher level 
of structural bioplastics construction are almost identical. Changes in biological 
degradation are caused by changes in the chemical structure of biopsies, as they 
occur during the acetation of cellulose to produce a CA. The addition of these 
acetyl groups makes the CA look like both cellulose and acetyl, with unmodified 
biomolimers such as kitchins and xsilans and cellulose containing biological 
degradation and a combination of acetyl esters. The proposed conceptual model 
based on CA biological degradation (Figure 3) can be used as a prediction when 
researching other modified biopsies, based on one or more biopsies with the 
characteristics of both biopsies. Future research using lignolithic to study how 
lignolithic-based biomolimers are deteriorated enzymes described in paragraph 
5.1.1 as the starting point. The main focus of other future research should be 
long-term field burial experiments. (an) aerobic conditions and bipolymer size 
and morphology are taken into account. This will provide an understanding of 
the construction of modified biomolimers that can be used for bioplastics policy 
at the end of full biological degradation and subsequent environmental impact. 
(Polman, E. M., Gruter, G. J. M., Parsons, J. R., & Tietema, A. ,2021).

In another article, the authors explain in the summary and conclusions 
that;  Biologically unbreakable plastics constantly collect landfills and oceans 
around the world while creating serious environmental conditions. problems 
and hazards for animal and human health. Plastic pollution has killed millions of 
sea birds and criminal creatures. animals. in 2020, plastic production worldwide 
has increased by 36% since 2010. That’s a big interest. in bioplastics to support 
global plastic demands. Biotechnics have several advantages over traditional 
plastics. biodegradability, low carbon footprint, energy efficiency, versatility, 
unique mechanical and thermal characteristics, and social acceptance. 
Bioplastics have a great potential to replace petroleum-based plastics in a wide 
range of industries. from automobiles to biomedical applications. We’re looking 
at bioplastic polymers like polihidroxysialkanoate, polylactic, and so on. acid, 
poly-3 - hydroxycydia, polyamide 11 and polihidroxyfiers; and cellulose-based, 
starch-based, protein-based and lipid-based biopsifiers. We are discussing the 
economic benefits of bioplastic polymers, market scenarios, chemistry and 
practices. Traditional synthetic polymers are considered to be rigid torsion due 
to its very heterogeneous nature, which it creates pollution. Many environments 
effects associated with plastic waste management techniques are negligible. 
On the contrary, bioplastics are it is a viable solution to reduce conventional 
confidence synthetic plastics based on petrochemical. Natural resources 
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like agricultural crop deposits and woodland bimasses serves as a pioneer to 
save building blocks bioplastics and biopsies. In addition, bioplastics are 
biocompatible, biodegradable and mechanical characteristics equivalent to or 
greater than petrochemical-based plastics. Latest developments in biotechnology 
and material engineering to have a positive effect on biopolymer production 
while uncovering biodegradability. Bioplastics are looking for more research and 
development recycling techniques, large scale manufacturing, cost, durability, 
sustainability, greenhouse gas emissions and optimum biological degradation. 
Inedible plant remains and microbial biomass and cellulose fibers and lignin 
derivatives there may be alternatives for biopolymer production bioplastics. 
Bioplastics are considered environmentally friendly products sustainability and 
environmental risk assessment. Therefore, state support and social awareness, it 
is important to create a paradigm change from petrochemical bio-based products 
(Nanda, S., Patra, B. R., Patel, R., Bakos, J., & Dalai, A. K. ,2021).

In another article, the authors explain in the summary and conclusions that; 
Bioplastics - Plastics typically made from bio-based polymers - contributing to 
more sustainable commercial plastic life cycles as part of the cycle economy is 
where unprocessed polymers are made of renewable or recycled raw materials. 
Carbon neutral energy is used for production and products are re-used or 
recycled at the end of their life (EOL). In this Review, we assess the advantages 
and challenges of biotectics in transition to plastics. it’s a cyclic economy. 
Compared to fossil-based plastics, bio-based plastics demonstrate lower 
carbon footprint and advantageous material properties; more than that, they 
can be compatible with existing recycling flows and, if some are performed, 
they offer biodegradation as an EOL scenario in controlled or predictable 
environments. However, these benefits may be trade-ins, adverse agricultural 
effects, competition with food production, and higher costs, including uncertain 
EOL management. Evolving chemical and biological methods can make 
‘advanced transformation’ of products possible. Transforming the volume of 
heterogeneous plastic and bioplastic waste into higher quality materials. To 
guide transformers and consumers in buying preferences, existing (bio) plastic 
identification standards and lifecycle assessment guidelines must be reviewed 
and homogenized. Moreover, open regulation and financial incentives are 
large-scale biplastic market applications with a truly sustainable impact from 
niche polymers. Using renewable resources alone does not mean sustainability. 
Sustainability, a material is made, where it is used and how it can be it’s recycled 
and less in the building blocks of a material. However, with technological 
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advances, bioplastics having the potential to move a few plastic intensively 
industries toward the cyclic economy. Bio-based replacements are available 
for almost any fossil based application; however, these are mostly small and 
and always a significant amount environmental benefits. In addition to the first 
generation biomass, lignoselulosic agriculture and other biowastes a renewable, 
plentiful and more ethical proper raw material. However, the birefinery 
processes are improve efficiency and comply with green chemistry principles 
(use of non-toxic chemicals and to reduce energy demand) to supply a polymer 
building blocks in a cost-effective and sustainable way. Gene regulation is a 
promising tool for increasing microorganism biomass use, biomass efficiency 
Polymerization (especially for PHAs) and biological storage for recycling. 
Although it’s many modern bioplastics are degradable polymer, bio-based, and 
thermolless oil-based versions of durable polyeolephines (For example, bioPE 
and chemically recycled PE) and Polyester (such as PEF and bioPET) can also be 
sustainable and can be recycled by being built in and highly exploited efficient, 
solvent-free and water-free catalytic processes. Ability to assess, review and 
compare sustainability and the fossil-based environmental impact is and bio-
based materials are required, but are still insignificant. LCA is the main tool, but 
requires homogenization The methodology standards for making LLAs more 
transparent, consistent and comparable. Both existing bioplastic labels need to 
be reviewed for implementation global and local scales — widely recognized 
standards and still plastics in the EOL local market. Together, reliable LLAs and 
clearer product labeling will help prevent ‘green washing’, guide investment in 
sustainable technologies that promise to help identify ‘sustainability bottlenecks’ 
throughout the supply, develop and help people with chains, bioplastics. The 
COVID-19 outbreak is an urgent requirement for recyclable methods potentially 
increasing the amount of mixed waste flows in low quality, medical, food and 
other industries containing pollutants. Unlock even more (bio) plastic circuitry, 
such as incentive, chemical and biological recycling in innovation and financial 
forward recycling technologies. In terms of productivity and cost-competitiveness 
with improvements, these techniques can activate upcycling of plastic waste. 
Instead of a multi-layered non-recyclable, such as technology capacities, plastic 
products, the use of monomaterials, including the existing mechanical recycling 
for any recycling. The characteristics of some superior bioplastics can help with 
this process (Rosenboom, J. G., Langer, R., & Traverso, G. ,2022).

In another article, the authors explain in the summary and conclusions that; 
Plastic pollution is a worldwide concern that causes animals (mostly water fauna) 
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to die. and environmental degradation. Plastic recycling is difficult or impossible 
in most cases. For this reason, new research lines are emerging to identify 
highly biodegradable bioplastics or plastic. More environmentally friendly 
formulations than existing ones. In this context, microbes have been found 
to be good models for designing strategies that can synthesize biotechnology. 
microorganisms can be used as cell factories. Recently, haloarchaea has 
been paid special attention due to the ability of some species to produce 
polihidroksialkanoate at key concentrations (PHA), polihidroksibutirat (PHB) 
and polihidroksivalerat (PHV), a specific nutritional condition. The growth of 
these microorganisms on a pilot or industrial scale offers a variety of offers. it 
is more advantageous than other microbes, which are bioplastics manufacturers. 
This review summarizes the latest findings on the condition and production of 
bioplastic manufacturing technology, emphasizing haloarchaea in particular, and 
biotectics by halophysical microorganisms. some protocols for are highlighted 
here to shed light on the potential use of haloarchaea, producing/analyzing 
biotectics. producing valuable products on an industrial scale, minimizing 
environmental pollution, oil-made plastics. Microbiologically produced PHAs 
are suitable candidates for replacing traditional oil-based products. plastics. 
However, the production costs of these biopsies are still quite high. higher than 
traditional polymers. Key challenges are the cost of carbon sourcing as well 
as overcoming and extracting efficiency, including increasing production. In 
this sense, haloarchaea species are an advantage. The use of cheap industrial 
carbon sources, lower energy requirements negligible sterilization measures, the 
process after using any material, the production of carbon sources of chemical 
solvents for cell lyse, recyclability of process streams (fermentation meats and 
cell residues spent), and 3HV from unrelated sources. Promising findings of 
PHA production associated with Haloarchaea have been reported on laboratory 
scale in recent years. However, there are very few artifacts that have provided 
a deep characterization on a pilot or semi-industrial scale, and prototypes and 
techno-economic assessments from the marketable haloarchaeal PHA are low. 
What is needed now is to ensure that these promising processes are magnified on 
the laboratory scale. sustainable biotechnology to accelerate the development of 
arctic cell factories and to demonstrate their future potential. (Simó-Cabrera, L., 
García-Chumillas, S., Hagagy, N., Saddiq, A., Tag, H., Selim, S., ... & Martínez-
Espinosa, R. M., 2021).

In another article, the authors explain in the summary and conclusions that;  
Large-scale production of polihidroksalkanoats (PHAs) in plants is sustainable 
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Bioplastics, biochemical and energy supply from sunlight and atmospheric 
CO2. The PHAs are one polymer class with various chain lengths produced 
naturally by some microorganisms as storage materials. The characteristics of 
these polyester are that they are functional most of the oil-based plastics that 
are currently in the marketplace. However, on the contrary Most petroleum 
derivatives are made from plastic, PHAs renewable raw materials and easily 
deterioration in most biologically active environments. This compilation, Last 
20 years to design PHA production in polihidroksibutirate-oriented facilities 
(PHB) production in bioenergy products with C4 photosynthesis. The PHB has 
the potential to be high not only in the markets of plastic and materials, but also 
in the market of materials renewable chemicals and bait. The biggest challenges 
of increasing product efficiency and plant dungeon C4 plants with high biomass 
efficiency are discussed in detail. Significant progress has been made in Turkey 
in the last 20 years. Engineering, renewable bioplastics and fuels of facilities 
that produce a low-cost PHB. While challenges continue, increase product 
efficiency and improve plant health, allow predictive modeling of the metabolic 
pathways to improve ongoing state-of-the-art plant biotechnology methods, 
reduce throughput and timelines to produce results of acceleration complex 
experiments needed to solve these problems are successful. Gene preservation 
systems will also be required as a business. he’s heading for field trials. One 
of the benefits of using crops is that plastics, like salt herb for the common 
production of biofuels, and/or chemicals are a naturally adapted native species. 
North America is so that the internal invasion concerns are minimal (Keshwani 
and Cheng, 2009; McLaughlin and Kszos, 2005; U.S. Department of Energy, 
2011). However, for a species that simply exceeds the exclusivity, a reliable 
system is very important for the biological preservation of transgens. Successful 
commercialization of genetically modified lines of this product (Kwit and 
Stewart, 2012; Wang and Brummer, 2012). Progress has been made to develop 
systems for the duration gene conservation many years of grass, still serious 
limitations most of the existing systems (Kausch and others, revised in 2010). 
The products that produce the PHB are an exciting commercial opportunity 
polymer (Figure 1) due to the variety of products that can be obtained. These 
crops have considerable potential. reduce oil consumption by providing a large 
scale renewable fuels, plastics and chemicals. They can also have a significant 
effect on animal and fish feed, providing higher decoy conversion values and 
prebiotic effects. The outstanding benefit of the PHB for industrial use is the 
potential for material and chemical applications, as well as the bait, proof of the 
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unique characteristics and commercialization of this molecule. (Somleva, M. 
N., Peoples, O. P., & Snell, K. D. ,2013).

In another article, the authors explain in the summary and conclusions that;  
Lignoselulosic fibers and two of the most important natural biological sources in 
the world. Earth. They show tremendous potential to reduce and improve energy 
use/pollution. biodegradability by replacing synthetic fibers in bioplastics. 
Compatibility between the fiber matrix plays an important role in the properties 
of bioplastics. The properties of the enhancement of Lignoselulosic fiber usually 
remove lignine with most surface treatments. Due to environmental pollution 
and the high cost of cellulose modification, the focus has turned toward the use of 
lignoselulosic fibers. In addition, the league’s reinforced bioplastics are produced 
with varying success rates. These applications confirm that lignelulosic fibers do 
not require lignosis. technically, they’re biotechnics. In this compilation, the 
characterization of lignoselulosic fibers and their applications in bioplastics are 
discussed in the leagues. Then we generalize the developments. and the lignine 
modification is the matrix of the league to improve the problems and interaction 
of the league’s reinforced bioplastics. As for Lignoselulocyclic fiber-reinforced 
biotectics, the compatibility of low lignoselulosic fiber-matrix. Cellulose 
applications with Lignin and biotectics review lignoselulosic fibers without 
delignation. A comparison is given in Bioplastics lignoselulosic fibers and lignin. 
In this compilation, the structures and characteristics of lignoselulosic fibers and 
lignics are characterized. The latest developments and problems in bioplastics 
production have been thoroughly detailed. As a result, your league can produce 
high-performance bioplastics as a boost. There is the possibility of a Lignin 
to function as a plasticizer, stabilizer, or biodecompatibility in biotechnical 
biotechnics that will produce different properties of bioplastics. In addition, 
the league has been modified to improve its intermix with biopsies. with the 
functionality of significant hydroxyl groups. However, achieving a technical 
league with a reduced degree of relationship due to its complex structure is a 
very difficult challenge at the moment. To encourage the use of the leagues in 
bioplastics. While there are studies for the application of Lignoselulosic fibers, 
biotectics have been extensively conducted for many years, and low fiber matrix 
compatibility is still not interested. Recent research on cellulose-lignin and 
leagues-based cellulose fiber-reinforced products bioplastics are very attractive 
and meaningful. The adapter, fiber-matrix interactions with cross-linking, and the 
appropriate fiber length, are even more overcome by low compatibility. Simple 
modifications lignoselulosic fibers that do not significantly alter the chemical 
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content or composition are very promising to make more functional fiber groups 
that are exposed to interaction. with biopsies. We can conclude that further 
work is required for the Lignoselulosulocular fibers. Your league when you’re 
preparing the biotechnics. However, the application of the league in bioplastics 
is still a prosperous future due to various sources of paper-making and ethanol 
production. Therefore, some similar application problems in bioplastics such 
as complex construction, lignoselulosic fibers, and the league will be mutually 
supported and developed in the future (Yang, J., Ching, Y. C., & Chuah, C. H. 
,2019).

In another article, the authors explain in the summary and conclusions 
that;  The success of petroleum-based plastics and the ongoing growth costs 
in production and use can be attributed to their durability, power-to-weight 
ratio and eight contributions. ease of everyday life. However, their single 
use, durability and stubborn structures are a significant increase in plastic as 
part of municipal landfill waste. The need for replacement has inspired many 
research to find disposable products that are not easy to collect. sustainable 
placements for oil-based plastics. In addition, the degradation characteristics 
of specific physiochemical, biological, and biodegradable polymer have 
made them attractive materials. biomedical applications. This compilation 
summarizes the developments especially in drug distribution systems. The 
design of nanoparticles based on biodegradable polymers. We’re also discussing 
research. We discuss the latest research in the world later on in biophotonic 
and biodegradable polymers in tissue engineering in the field of challenges 
and opportunities brought by design and practice. emphasize the design and 
implementation of biodegradable polymers in packaging and the advancements 
in intelligent technologies. packaging development. Finally, we have an 
overview of the biological degradation of these polymers. and composites in 
managed and unmanaged environments. If we are to replace disposable plastics 
with bioplastics and prevent more plastic waste accumulation, it is important to 
understand what waste management options are for these materials. Behaviors 
the ratio of different biodegradable plastics must be evaluated in various 
environments and the exact biological degradation of plastics under which 
conditions. the critical factor is time to determine whether a bioplastics is 
appropriate for a specific waste management. For example, the international 
standards currently used (ISO and ASTM) suggest that biological degradation 
should be considered biodegradable in water environments. In 56 days, if it is 
biodegradable, it will be completely degraded in 2 years. A remarkable feature 
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is one of the international standards for biodegradation currently used, higher 
than temperatures in unmanaged environments for ISO and MOST standard 
tests of applied temperatures. these tests are imitation. This needs to be taken 
into consideration when shaping plastic waste policies. In addition, the plastic 
product design should be informed with the potential end of life option. When 
it comes to medical practices of biodegradable polymers, the design area is 
affected by features such as the correct polymers, correct application, polymer 
chemistry, polymer performance, polymer, and so on when it comes to packaging 
applications. processing and device design. For example, a compromise between 
hydrophilia and hydrophobia may be ideal for drug distribution systems, but 
it is completely inadequate for implants in some tissues. This correct degree 
of flexibility and the ability to maintain cyclic deformation can be ideal for 
smoothness. muscle cell regeneration in cardiac prosthetics, but it’s not very 
helpful in osteo-differentiation. Ingenious and creative research that shapes device 
design for the right purpose (taking into account) can increase the number using 
special polymer properties and changing them when needed) using bioscilimers 
and a massive variability in the combinations of successful technologies for 
both nanotype and tissue regeneration, biomaterally-based polymers have great 
potential for many. biomedical applications are a combination of biomolimers 
with the greatest promise. to fully unlock their potential (Narancic, T., Cerrone, 
F., Beagan, N., & O’Connor, K. E. ,2020).

In another article, the authors explain in the summary and conclusions that;  
The European Union is working and tackling the 2050 net-zero emission targets 
the ever-growing environmental and sustainability crisis by implementing the 
European Green Agreement. The transition toward a more sustainable society 
is interconnected with the production, use and disposal of people. Plastic in 
the European economy. Plastic production, plastic waste, waste emissions 
from garbage and leakage in nature, inadequate recycling are some of the 
problems addressed by the European Union. The commission. The adoption of 
bioplastics (biodegradable, bio-based or both plastics), the environmental risks 
associated with separating society from the use of fossil resources and certain 
plastic waste. In this study, we aim to review the bioplastics field, discuss some 
of the challenges that may be encountered, including standards and lifecycle 
evaluation studies, and are currently defined by the adoption of these materials. 
European governments are working for a zero-emission economy, separated 
focused on sustainability and cyclism from fossil sources. Correcting the path 
manufacturing, processing and disposal of plastic products is an important part 
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of this process. The adoption of bio-based plastics can certainly be at risk (use 
of fertilizer, social risks, etc.) aside from the benefits, what seems certain is, 
fossil-based manufacturing can therefore become a requirement in the future. 
Coalestable or biodegradable plastics can cause problems if they are not sorted 
from recycling flows. However, applications, such as compost bags, bags 
and content can be digested together, providing benefits eliminating the need 
for separation and producing energy and compost. Materials are designed to 
ensure effective distortion while causing technological problems, maintaining 
their mechanical properties during the “use” phase. To reduce environmental 
pollution due to a leak in open environments using biodegradable use, plastics 
are another discussed advantage, which is now looking extremely optimistic. 
In natural conditions, environments are dynamic, vary significantly within 
geographical areas and seasons, plus the size and density of plastic residues, 
as well as other it can affect the outcome. In addition, the economic loss from 
this plastic is due to waste is not solved using biodegradable alternatives. In this 
sense, it can be proven that education at age is a more effective use of resources 
while driving a more stringent set of regulations, an environmentally friendly 
mindset and investing in sustainability. As a result, the bioplastics industry can 
be expected to receive encouragement. To grow, develop new technologies and 
materials, and to further expand its production, the Unit. When larger production 
is achieved and biofeplastic circulation is larger quantities, there is no doubt 
more evaluation will be required to understand sustainability. However, one 
thing to keep track of progress, the issue lies in our mind of throwing it away. 
Replacing a plastic with another plastic is not a solution to replacing the mindset 
(Di Bartolo, A., Infurna, G., & Dintcheva, N. T. ,2021).

In another article, the authors explain in the summary and conclusions 
that; The accumulation of plastic waste in different environments has become an 
important issue concerns over the past decade, therefore, are aimed at reducing 
technologies and strategies the environmental impacts of oil products have 
gained worldwide interest. In this scenario, the production of bioplastics from 
polysaccharities such as starch is a growing strategy, and it’s a busy research 
area. Use of rubber plasters, preparation of mixtures and reinforcement it has 
shown that biotechnics with lignoselulosic components are promising and 
environmentally safe alternatives to exceed the limitations of bioplastics, 
mainly due to availability, biodegradation, and the bioincompatibility of these 
sources. This compilation deals with the production of bioplastics it consists of 
polysaccharides and advantages and disadvantages from plant biomass. This 



210    INTERDISCIPLINARY ENGINEERING SCIENCES

study has touched on the latest technology in bioplastics production. starch and 
lignoselulosic components (as a additive and main component) to improve the 
advantages and disadvantages of using as well as polaccharides obtained from 
plant biomass. Academic and industrial efforts, new and improved polymers, 
manufacturing methods and resources for the acquisition of polysaccharids can 
strategically reduce and replace oil consumption in plastic production, partly 
traditional synthetic and biodegradable plastic materials. Moreover, bioplastics 
production from plant biomass is a model for recycling and management of such 
waste with positive economic effects. However, the disadvantages (mechanical 
resistance, gas barrier properties, the processing of natural polymers and 
economic applicability related to bioplastics production from Policitarities have 
worked to expand the application areas of such materials. This study has shown 
that the application of lignoselulosic fibers has a high application potential. to be 
an alternative to reuse the biomass with a large presence because biotechnics also 
lead to improved properties of biotechnics (Abe, M. M., Martins, J. R., Sanvezzo, 
P. B., Macedo, J. V., Branciforti, M. C., Halley, P., ... & Brienzo, M., 2021).

2. Conclusion

A lot of research has been done in the field of biotechnology. However, in 
this study, studies in biotechnology on bioplastics were examined (KORKMAZ, 
S. A., & GÜNDOĞDU, S. G.), (KORKMAZ, S. A., & ÇAKIR, V.) In another 
article, the authors explain in the conclusions that;  Significant progress has been 
made in Turkey in the last 20 years. Engineering, renewable bioplastics and fuels 
of facilities that produce a low-cost PHB. While challenges continue, increase 
product efficiency and improve plant health, allow predictive modeling of the 
metabolic pathways to improve ongoing state-of-the-art plant biotechnology 
methods, reduce throughput and timelines to produce results of acceleration 
complex experiments needed to solve these problems are successful. Gene 
preservation systems will also be required as a business. he’s heading for field 
trials. One of the benefits of using crops is that plastics, like salt herb for the 
common production of biofuels, and/or chemicals are a naturally adapted native 
species. North America is so that the internal invasion concerns are minimal 
(Keshwani and Cheng, 2009; McLaughlin and Kszos, 2005; U.S. Department 
of Energy, 2011). However, for a species that simply exceeds the exclusivity, a 
reliable system is very important for the biological preservation of transgens. 
Successful commercialization of genetically modified lines of this product 
(Kwit and Stewart, 2012; Wang and Brummer, 2012). Progress has been made 



STUDIES ON BIOPLASTIC IN BIOTECHNOLOGY     211

to develop systems for the duration gene conservation many years of grass, still 
serious limitations most of the existing systems (Kausch and others, revised in 
2010). The products that produce the PHB are an exciting commercial opportunity 
polymer (Figure 1) due to the variety of products that can be obtained. These 
crops have considerable potential. reduce oil consumption by providing a large 
scale renewable fuels, plastics and chemicals. They can also have a significant 
effect on animal and fish feed, providing higher decoy conversion values and 
prebiotic effects. The outstanding benefit of the PHB for industrial use is the 
potential for material and chemical applications, as well as the bait, proof of the 
unique characteristics and commercialization of this molecule (Somleva, M. N., 
Peoples, O. P., & Snell, K. D. ,2013).

In another article, the authors explain in the conclusions that;  In this 
compilation, the structures and characteristics of lignoselulosic fibers and 
lignics are characterized. The latest developments and problems in bioplastics 
production have been thoroughly detailed. As a result, your league can produce 
high-performance bioplastics as a boost. There is the possibility of a Lignin 
to function as a plasticizer, stabilizer, or biodecompatibility in biotechnical 
biotechnics that will produce different properties of bioplastics. In addition, 
the league has been modified to improve its intermix with biopsies. with the 
functionality of significant hydroxyl groups. However, achieving a technical 
league with a reduced degree of relationship due to its complex structure is a 
very difficult challenge at the moment. To encourage the use of the leagues in 
bioplastics. While there are studies for the application of Lignoselulosic fibers, 
biotectics have been extensively conducted for many years, and low fiber matrix 
compatibility is still not interested. Recent research on cellulose-lignin and 
leagues-based cellulose fiber-reinforced products bioplastics are very attractive 
and meaningful. The adapter, fiber-matrix interactions with cross-linking, and the 
appropriate fiber length, are even more overcome by low compatibility. Simple 
modifications lignoselulosic fibers that do not significantly alter the chemical 
content or composition are very promising to make more functional fiber groups 
that are exposed to interaction. with biopsies. We can conclude that further work is 
required for the Lignoselulosulocular fibers. Your league when you’re preparing 
the biotechnics. However, the application of the league in bioplastics is still a 
prosperous future due to various sources of paper-making and ethanol production. 
Therefore, some similar application problems in bioplastics such as complex 
construction, lignoselulosic fibers, and the league will be mutually supported and 
developed in the future (Yang, J., Ching, Y. C., & Chuah, C. H., 2019).
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1. Introduction

Many articles have been made on biotechnology. In this section, some 
work based on algae in biotechnolog. Some of these studies are as 
follows.

In an article, the authors explain in the abstract tand conclusions that; 
In this study, Chlorella minutissima is heterotrof with the carbon source of 
microperception it is intended to be duplicated by method and to investigate the 
parameters that affect this process. The use of raw glycerin as a source of energy 
and carbon in the microalg replication of biodiesel production is intended to 
investigate optimum replication conditions and oil production speeds in the 
form of chemostat production in an FT-IR-based method. The highest oil 
production speed in operation was obtained at 25oC temperatures, 0.25 h to 1 
dilution speeds and 80 gl to 1 raw glycerol supply compilations, 1.04 gl-1h-1. 
In these conditions, the content of the microalgin is detected as 14.36% oil, 
47.89% protein and 8.06% carbohydrates. In this study, some important factors 
and biodiesel processes and affecting chemical composition and productivity. 
The microalga, Chlorella minutissima is under investigation. According to the 
results founded, it was obtained that such a process is possible with efficiency 
values. of 7.42 g biomass/l/h and 14.32% lipid content. The resulting biomass 
also contained high protein content, indicating that the cake could be used for 
animal feed after oil extraction for fuel. Feeding processing of waste glycerol 
Microyoga based on bioreactors is likely to be a promising solution for biodiesel 
producers who produce large amounts of waste crude oil glycerol. Microalgal 
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fermentation has advantages over photoautotrophic systems in terms of high 
yield and easier flow direction process management thanks to the high biomass 
concentrations obtained in biological reactors. Thus, it not only discretizes 
waste glycerol, but also converts it into bio-oil. It can become another valuable 
product for use in the biodiesel industry and as animal feed due to its high protein 
content. (Çağlar, E. ,2010). 

  In another article, the authors explain in the summary and conclusions 
that; In this study, 1500 examples of the cariyos from the Akdağ (Amasya) 
region selected as the research area were collected and 180 tachsons (type, sub-
type and variety level) of 26 families and 68 species were identified. This is 
Bryoerythrophyllum rubrum (Jur. ex Geh.) P. C. Che, Didymodon tomaculosus 
(Blockeel) M. F. V. Corley and Tortella bambergeri (Schimp.) Broth. They are 
the first type to be registered for Turkey. Also Grimmia poecilostoma Cardot 
& Sebille and Barbula enderesii Garov. For the first time, information about 
Turkish national quality is given. Spathulata Mull in Encalypta. Hal. There’s 
Schistidium dupretii (Thér) W. A. Weber, Weissia condensa. To the pear. &Trab.) 
M. J. Cano, ROS & J. Guerr, Cinclidotus danubicus Schiffn. & Baumgartner, 
Barbula enderesii Garov, Hedwigia ciliata. Leucophaea Bruch & Schimp and 
Campyliadelphus elodes. In the blood, Turkey is the second installons registered 
from the driver. According to the Henderson frame system, it is the first time 
that 94 tachsons are recorded from A3 frames. In the study of antimicrobial 
activity, the vitro of the antimicrobial effect of 6 different caryos on 18 different 
microorganisms was examined by disk diffusion method. Hedwigia’s got the 
ciliata. Leucophaea Bruch & Schimp 6 microorganisms, 8 microorganisms, 
Leucodon sciuroides (Hedw.) Schwägr. Grimmia laevigata (Brid.) Brid. 
6 microorganisms, Philonotis seriata Mitt. 4 microorganisms, Encalypta 
streptocarpa Hedw. Neckera menziesii Drumm and 2 microorganisms. it has 
an effect on 2 microorganisms. There are particularly Hedwigia ciliata in these 
effects. The effect of the leucophaea, in which the Staphylococcus epidermidis 
DSMZ 20044 is 15 mm zon, has been detected as the most powerful antimicrobial 
activity. This study tested the antimicrobial effect of 6 different types of karaoke 
against 18 different microorganisms. In this doctoral thesis prepared in the light 
of the data founded, it was emphasized on which microorganisms are affected 
by the level of karayos. In particular, the detection of new antimicrobial factors 
has become important, as microorganisms today develop rapid antibiotic 
resistance. For the detection of factors, it is first necessary to determine which 
plants have an antimicrobial effect and then to reach the determination of the 
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affected material through extensive research. It is thought that the data we found 
at this point will shed light on future research (Canli, K. ,2012).

In another article, the authors explain in the summary and conclusions 
that; This study was set up as a potpox test in the vegetation period in 2017 to 
investigate the effect of four different doses of seaweed extruded (alga 600) 
(0,2,4,8 GL-1) on the effect of Albion strawberry cultivar on growth, flower, yield 
and quality traits in Sulaymaniyah province in Northern Iraq. The irrigation uses 
a drip-watering system. When the results founded in the research are examined 
in terms of vegetative development, it was found that the increased moss stress 
(alga 600) application in the coronation leaf formation was statistically different 
from the control application (p<0.01). The results of the flower properties show 
that the increased moss extraction application varies between 16.55 plants and 
21.77 plants in terms of the number of flowers per plant (p<0.05). The results of 
the fruit characteristics show that the increased doses of alga 600 vary between 
11.81/plants and 17.7/plants per plant (p<0.05), while the total volume of fruit 
varies between 211.74 ml and 329.37 ml, and the yield per plant is between 
191.7 g and 295.03 g (p<0.05). Besides, increased algae extrude doses lead to 
a significant increase in fruit quality (SCKM/TA ratio rises from 8.29 to 13.35), 
and are seen to result in a significant decrease compared to the control group 
(p<0.05). According to the analysis results of the micro and macro elements, 
it has been determined that the manganese content contained in the leaf during 
the blossoming period is important (p<0.05). Based on this study on the effect 
of moss (moss 600) blooming, vegetation development and strawberry CV on 
juice. Albion can come to the following conclusion. 2 g. The seaweed extract 
(algae 600) in L-1 has less effect than other aspects on strawberry vegetation 
characteristics, flowering and yield characteristics and chemical properties of 
fruits. 4 1 g of seaweed extract (algae 600) 2 g. It is more effective than L-1 and 
the number of crowns, number of flowers, 0.01. It has a very important effect 
on the number of fruits on the ground. Total fruit volume, yield per hectare, 
yield per plant,  ta and TSS/ta ratio are 0.05. Moreover, usually seaweed extract 
(algae 600) has no significant effect on macronutrients and micronutrients in the 
scissors, but the nitrogen content in the leaf registers the maximum at 4 g/h after 
the first application. L-1; The content of potassium, magnesium and zinc in the 
leaf is 4 g. In L-1 it registered the maximum value only after the last application. 
A higher concentration (8 g. L-1) of seaweed extract (algae 600) has a greater 
effect on increasing vegetation growth, flower and yield characteristics. Also 
number of crowns, number of flowers, 0.01. It has a significant impact on the 
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number of fruits in the level. Total fruit volume has an effect of 0.05 on yield per 
hectare, yield per plant, ta and TSS/ta ratio, and leaf manganese content during 
flowering. Algae extract (algae 600) is significantly effective in increasing the 
manganese content in the leaf and in both applications, And generally seaweed 
identified (algae 600) L-1, potassium, phosphorus, magnesium, calcium, 
manganese maximum in 8 g value, If zinc is in T4 after the first applications, 
the maximum value recorded in the iron and manganese content in the leaf is 
recorded after the last applications (Al-Shateri, A. H. N. H. S. ,2018).

In another article, the authors explain in the summary and conclusions 
that; This research is based on a manufacturer’s link (41° 01’06.39’ north 
latitude and 27° 40’24.78’’’ east longitude degrees, 57 m from sea level) in the 
Karaevli neighborhood of Tekirdağ province during the development period of 
2018. performed. In the study, the hanging cord over the 110 R mother was used 
as hanging hanging hanging from the Cabernet Sauvignon grape type. In the 
trial, draper leaves were treated in 2 different periods (time I: Grain attitation 
period and time II: I was in the fall period) and 4 different doses (0, 1000, 
2000 and 3000 ppm) with liquid seaweed. The study found that the application 
time and application doses have significant effects on the physical properties of 
the Cabernet Sauvignon grape and the phyrochemical properties of the grape. 
As a result of research, the Cabernet Sauvignon grapes have significant quality 
properties in the water soluble dry matter quantity, total amount of phenolic 
material, total amount of anthocycardia and the capacity of antioxidant, II. the 
time (which was carried out during the fall period) and the delivery dose of 3000 
ppm were detected to be more effective.  As a result, the effects of seaweed 
applications applied at different times and different doses in the Cabernet 
Sauvignon grape type on the physical properties and quality characteristics of 
the variety, II. time (i fall period) and application doses were sometimes 2000 
ppm, but in particular, the dose of 3000 ppm showed better results. However, 
it is important that these kinds of work be done in different types of grapes and 
in the form of multi-annual studies, and the results will be healthier (Koç, M. 
,2020).

In another article, the authors explain in the summary and conclusions 
that; Tyrotoxicosis is a general term for excess thyroid hormones in blood or 
tissues caused by different factors. In this study, the immunohistochemistry 
of hemoxygenase-1 (HO-1) distribution of experimental thyrococcus-
generated rats in the uterus tissue is intended to be examined legally. The 
study used 30 adult Wistar Albino female rats with an average weight of 240-
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340 g. It was divided into 5 groups, 6 rats in each group. No application 
has been made to the control group. To the Sham group, 0 for ten days. 
0025 M NaOH and serum were performed as physiological intraperitonally. 
Spirulina group was administered 400 mg/kg/day Spirulina via oral gavage 
for ten days. Intraperitonel 250 μg/kg/day to thyrococcyx group 0 for ten 
days. 3.3’, 5-Triiodo-L-thyronine prepared with 0025 M NaOH was used. 0 
to ten days intraperitonel 250 μg/kg/day to Tirotoxicosis + Spirulina group. 
3.3’, 5-Triiodo-L-thyronine prepared with 0025 M NaOH was used and 400 
mg/kg/gun Spirulina was applied through oral gavage for ten days. PAS and 
Crossman had triplex paints to study uterus tissue. Immunohistochemical 
localization IN the uterus tissue OF HO-1 was detected by the streptavidin-
biotin peroxidase method. Besides, In addition, body weights, TSH, T3, and 
T4 were compared and discussed In the uterus tissue of the experimental 
groups, HO-1 immunoreactivity was found to be more than the control and 
sham groups in the lamina. In lamina handling of the Spirulina group uterus 
tissue, HO-1 immunoreactivity was found to be more than the control and sham 
groups. In the study, it was detected that there was a significant decrease in 
the life weight of the thyrococcus, thyrococcus + spirulina experiment groups. 
The increase in serum T4, T3 of the thyotoxicosis + spirulina test group was 
found to be less than the increase in serum T4 and T3 of the thyrococcus test 
group. As a result; It was detected that spirulina increased HO-1 release in 
the uterine tissue of rats with experimental thyrotoxicosis. The results have 
shown that the spirulin may act as a healing agent in case of thyrococcus. 
The effect on Spirulina oil metabolism can have an increasing or decreasing 
effect on the living weight. Serum T3, which is seen in the thyotoxycose 
group, is compatible with the tirococcose pathogenesis of the T4 values and 
the decrease in the TSH value. The Spirulin has seen an increased TSH effect 
with tirococcoxosis, while reducing the increase in serum values of T4, T3. 
Besides, the anti-oxidant, antiinflammatory, cytoproptive HO-1 enzymes 
were detected to show localization in the ligature tissue cells of the lamina 
propriate of the uterine’s endometrium layer. It was also found that the HO-1 
enzyme, which is a family of heat-shock protein, was induced by stress, as 
well as the uterus endometrium laminina, increasing the antioxidant capacity 
of the spirin, increasing the HO-1 immunoreactivity in the tissue cells of 
the connective tissue. The results of the study show that it has a significant 
metabolism disease, which is common in the world, has a therapeutic effect 
on its spiruli against thyrococcus (ATAM, N. ,2020).
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In another article, the authors explain in the summary and conclusions 
that; Medical plants, immune system stimulant, antiinflammatory, antibacterial, 
antiviral, they contain different bioactive compounds with antifungal, antibodies 
and scar-healing effects. Echinacea purpurea L., Sambucus nigra L. And when 
Cetraria is soaked, L. is known for its high antioxidant content and health-
contributing features. The main purpose of the study is to determine the different 
solvents (75% ethanol and water) and the total phenolic content, total flavonoid 
content and antioxidant capacity of each plant extrusion. According to analysis 
of total phenolic content, total flavonoid content, 1-difenyl-2-picrile-hydrazyl 
(DPPH) and copper reducer antioxidant capacity (CUPRAC), the extraction of 
the ethanol extras was significantly higher (p<0.05). The highest radial sweeper 
effect of all extras is Sambucus nigra L. as 901.62±24.53 mg TEAC/g extras 
(KM) it was found for ethanol extras. The total flavonoid and total phenolic 
content of the same plant was detected to be the highest in 840.54 ± 13.46 mg 
re/g extract (KM) and 339.68 ± 1.47 mg GAE/g extract (KM) respectively. 
The study has been detected the quantity of selected phenolic compounds, and 
the HPLC analysis and phenolic profiles of plants have been extracted for all 
extras well. Using selected plant dust, the late-release soft pastille product has 
been formulated and possible losses in bioactive compounds have been studied 
both spectrophotometric and chromatographic methods. The highest phenolic 
content in the application of the Pastille product is Sambucus nigra L. (2.33 ± 
0.11 mg GAE/g extracted (KM). The results have shown that all plant extras 
cause significant losses in the amount and effects of antioxidant in pastille 
applications. An appropriate prescription must be developed by optimizing 
the use quantities of all plants to achieve the optimum antioxidant effect from 
the soft pastille product with functional properties. The results of the study 
showed that all the medicinal plant samples examined were phenolic, flavonoid 
sources. If an effective formulation is developed with the appropriate production 
technique, its applications in confectionery as a functional food are possible. In 
future studies, different formulas related to changes in bioactive compounds in 
lozenge processing can be examined. For many diseases, the current findings 
provide the basis for different studies on new lozenge formulations. All extracts 
can be administered together in one lozenge formulation at different rates, and 
utilization rates can be detected by Response Surface Methodology (RSM) 
with optimization studies. In order to investigate possible health promotion and 
promotion, the phenolic content of different lozenge formulations containing 
different amounts of medicinal plants can be compared with spectrophotometric 
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analysis methods and HPLC analysis method. For further study, the late in vitro 
biostock of phenolic compounds Echinacea purpurea L., Cetraria islandica L., 
and Sambucus nigra L. of soft lozenge can be investigated together with these 
invaluable medicinal plants (CELENLIGIL, O. ,2010).

In another article, the authors explain in the summary and conclusions that; 
the effects of two types of seaweed extract fertilizers on fruit yield and quality are 
examined in the satsuma mandarin and the aim of determining the best seaweed 
race and dose to increase production and produce quality fruit with it is detected. 
Seaweed fertilizers have had significant effects on fruit efficiency and quality 
characteristics. When the average yield values are analyzed, the highest yield 
is 350 kg/wood and EM 0.2% seaweed. The lowest yield is 279.17 kg/wood 
and control trees. When examined in terms of the Pomological characteristics, 
the maximum weight of fruit is 164.24 g in the EM 0.2% seaweed application 
and the lowest weight of fruit is 151.16 g in the control trees. The fruit with the 
maximum width of the fruit is 74.21 mm and the EM 0.2% seaweed application. 
This value is followed by an APPLICATION of 0.3% seaweed with 74.03 mm. 
The lowest diameter fruit is 72.09 mm from the control trees. The results of 
the thesis work conducted in 2020 were not presented in the following articles. 
The highest value in the yield of the body unit slice area in fruit efficiency was 
detected in the application of the EM 0.2% seaweed. The EM has watched 0.3% 
and AN 0.2% of this app. The lowest yield values have been detected in control 
trees and AN AN 0.3% application. The efficiency of the unit volume was not 
significant. However, when the values were reviewed, they had similar results 
with both yield values. It has been reported that seaweed extract is applied 
from the leaves and that there are increases in efficiency in many products. 
Both doses of the Ecklonia maxima extract have positive productivity results 
and can be used to improve productivity in orange, fruit weight and fruit width 
values are obtained from the highest EM 0.2% application. According to this, 
we can say that the biggest fruit is derived from the EM 0.2% treatment. The 
lowest fruit is derived from fruit from the control trees, according to the fruit 
shape index values, the basest round fruits were observed in the EM 0.2%, EM 
0.3% and AN AN 0.3% applications The, AN 0.2% application has the thickest 
shell. Shell thickness thinnest fruits are obtained from EM 0.2%, EM 0.3% and 
control applications, EM 0.2% gave the lowest titerable acid and water soluble 
dry matter value, while control trees gave the highest water soluble dry matter 
and acidity ratio, fruits from all applications are good looking, fruit shape is 
supersized, shell structure is light-rough, shell color yellow-green, meat dark 
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orange, meat tint medium, and shell attachment status is loosely detected. The 
different nutrients, amino acids, vitamins and some natural growth regulators, 
including natural plant-stimulating fertilizers, such as seaweed extractations, 
play an important role in plant growth, productivity and quality, especially in 
increasing fruit irregularities. In recent years, seaweed extract has been used 
for various purposes, such as reducing flower weave in orange, increasing fruit 
attitudes, improving fruit quality and improving maturity control. The results 
of our thesis study show that both seaweed races have shown good results, 
especially in terms of yield and fruit-size. However, it was detected that the 
seaweed race most influencing the fruit yield and quality was Ecklonia maxima 
and the best dose was 0.2% dose. When all results are evaluated, use of seaweed 
extract is recommended to improve efficiency and quality in citrus gardens 
(KESKİN, O. ,2021).

In another article, the authors explain in the summary and conclusions that; 
This study was carried out in 2021 in the relationship of a manufacturer in the 
Tarsus district of Mersin province, with a degree of 36 59 45.1” north latitude 
and 34 45 37.2” east longitude, altitude 25 m). The study uses omelets of the 
Tarsus White grape type at the age of economic yield, which are cultivated on 
their roots and shaped like goble decency. Although Tarsus White is early and 
a wanted species, it is an important source of vine gene that has little interest 
in tanning due to its genetic predisposition. Recent years have drawn attention 
to studies that seaweed applications have prevented post-harvest grain losses 
in the grape, allowing improvements in the quality properties of the salami and 
grain. In this study, the Tarsus White grape is the kind of algae that spray leaves 
into the omcales of the grape (Ascophyllum nodosum (L.) Le Jolis) is applied. 
Post-treatment, grain size (mm), grain width (mm), 100 weight (g), sway length 
(cm), wobble width (cm), wobble weight (g), grain dissection resistance (g), % 
water soluble dry matter (SCKM), % titerable acidity (TA), pH, leaf stem and 
grain mineral material content were measured. The study found that seaweed 
application has a positive effect on the properties of saliva rather than on the 
Tarsus White grapes. The difference between the application and control groups 
in terms of the width of the raft and the weight of the raft has been statistically 
significant. The application group (11.16 cm) shows approximately 9.86% 
larger emits than the control group (12.26 cm), while the average weight of 
the application group swing is 297.40 g), and the average weight of the control 
group swing (260.23 g) is approximately 37 g of the difference. Tarsus White is 
an important source of vine genes preferred by the manufacturer and consumer 
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with the early feature. However, the tendency of this type to be reduced by market 
value and is a problem for manufacturers. The Tankling disrupts an example 
structure of my raft and affects its allure. Seaweed applications are reported to 
prevent post-harvest grain losses in the grapes, allowing improvements in the 
quality properties of the salami and grain. In this study, Tarsus White grapes were 
investigated for the effect of leafy seaweed treatment on some of the properties of 
salami and grain. This work in this context has a unique value. The study found 
that seaweed applications on the physical and chemical properties of the grain 
have no positive effect, but have positive effects on the properties of the seaweed. 
However, it is important to note that the effects of seaweed are influenced by 
many factors, especially genetic characteristics and climate conditions. It can 
reduce the frequency and severity of seaweed overhanging diseases, increase 
productivity, and change the combination of grapes and wine. However, the 
action mechanisms involved in these processes are still not fully understood. 
The knowledge of leaf surface wetting features requires new studies, especially 
in hot, cold and dry weather conditions, to promote optimal and long-term use 
of the applied seaweed, including surfactants, in the interaction of seaweed leaf 
formulations with the physical-chemical properties. The role of other epidermal 
structures, such as tricorders and lenticular, should also be researched in the 
contribution of the stoma road to the leaf-to-food buying process. As with most 
of the studies related to the application of seaweed in bigotry, this study uses 
the brown moss type Ascophyllum nodosum. In future studies, other types of 
brown, green, red seaweed can also be studied. As with this study, the most 
important drawback to the work in which seaweed applications are performed in 
the baguities is often limited to one-year trials. Therefore, future planning must 
be at least two years old and the importance of climate impacts in identifying 
the efficiency and components of the overhang. It is also important that future 
studies are planned in different types of grapes (TOPUZ, H. ,2022).

In another article, the authors explain in the summary and conclusions that; 
In this study, the effect of bracelet picking, pruning, potassium applications, 
plant development regulators and seaweed extract applications were studied on 
the fruit irregularity and quality. In all applications, productivity has been higher 
than control. The highest yield of fruit was detected in the seaweed extract 
(DYO) application (129.12 kg). He followed this by Dichlorprop-p (126.00 
kg), Dichlorprop-p+K (125.53 kg), Dichlorprop-p+AA (123.25 kg) and CB-1 
(117.17 kg) applications. The lowest fruit yield was detected to be 81.58 kg in 
control trees. Compared to the control, it has been detected that the average of 
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the fruit diameter has increased in all applications. The highest fruit diameter 
values are derived from the trees applied CB-1 and DYO, while the lowest 
diameter values are detected in the Control trees. When combined efficiency and 
fruit-size are evaluated, DYO and CB-1 applications are more successful than 
other applications. According to the test result, the highest SCKM/acid ratio EB 
application has the lowest SCKM/acid ratio and Dichlorprop-p+AA treatment 
fruit. The hand pruning application is likely to increase the sugar build-up by 
allowing the tree tiara to get better light, and in this practice, fruit is likely 
to grow relatively early. The outside of the fruit is considered beautiful in all 
applications that have not made a difference in the fruit appearance. According 
to the test results, different applications to the Fremont mandarin variety did 
not differ in the color of fruit meat. The meat colors of the fruits in the tested 
areas are detected as dark mandarin. The Fremont mandarin in which different 
applications were applied in the thesis, it was detected that the fruits were not 
differentiated between the applications in terms of the meat monotaments and 
that all the fruits were in fine meat textiles. No difference has been detected in 
terms of the relationship of the fruit shell of the different applications performed 
to the meat. Compared to the control, it has been detected that the average 
of the fruit diameter has increased in all applications. Trees with CB-1 and 
DYO applied to the highest fruit diameter values and Control trees with the 
lowest diameter. Given the efficiency, the application of the DYO in these two 
applications shows more fruit than the CB-1 application. However, the CB-1 
application is sold at the highest price in marketing in height 1 and 2. as of 
the height total, it appears to have come forward. This means that the CB-1 
application, which has an average yield of 117.17 kg per tree, can be sold at a 
very good price of 99.59 kg. On the other hand, the ratio that can be marketed at 
a good price in the DYO application is slightly lower, but is 101.75 kg, given the 
slightly higher yield in the application. However, it should also be considered 
that there have been 7 seaweed extract applied for this application and the kg 
cost of fruit has increased (YILDIZ, E.C ,2022).

In another article, the authors explain in the summary and conclusions that; 
The use of organic liquid fertilizer has continued in recent years. Because, due 
to the excessive use of inorganic fertilizers, the structure of the soil deteriorates 
and the product quality is adversely affected. For this reason, greenhouse studies 
were carried out in the autumn of 2020. In the study, seaweed extract inorganic 
fertilizer (1 g L-1  and 0 (N:P:P): K 10:10:10), (8 g L-1 and 0, 4) and bio 
fertilizer (Corabac) (10 g L-1 and 0,5) had been used. The data obtained showed 
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that the interactions of the three fertilizers were significant. It were increased the 
vegetative growth parameters such as leaf number, stem length but decreased 
chlorophyll content and leaf area (cm2). The application of bio fertilizer to the 
soil, seaweed and inorganic fertilizers to the leaves significantly increased the 
head weight, yield and total yield of lettuce compared to the control. Bio fertilizer, 
seaweed and inorganic fertilization affected the N, P and K content in the leaves. 
For a sustainable production of greenhouse lettuce, it is possible to obtain and 
therefore higher yield by using biofertilizers and seaweed, which are considered 
environmentally friendly. Double and triple interactions between 2-chemical 
fertilizer, biofertilizer (Corabac) and algal extract, especially at increasing dose 
(10 g L-1 for biofertilizer and 8 g L-1 for algal extract) made most of the plant 
growth parameters important except root length (cm). The number of root length 
and leaves per plant (cm). In contrast, most of the yield characteristics, except for 
dry matter (%) and TSS (%), were positively improved by the binary interaction 
between the three factors. 3-The application of biological fertilizers and foliar 
spray to the soil with seaweed and their parasites did not cause any increase 
in nitrate (NO3) and nitrite (NO2) cos content. 4-Lean algae levels contain 
significantly advanced cos mineral content of K, N and P, while bio fertilizer and 
chemical fertilizer levels control cos content only K and P compared to control. 
Paired and complex interactions between 5-chemical fertilizer, biofertilizer and 
algal extract outweighed the increased mineral content (P, K and N) of the cos 
crop (MOHAMMED, A. A., SÖYLEMEZ, S., & SARHAN, T. Z. ,2022).

2. Conclusion

A lot of research has been done in the field of biotechnology (KORKMAZ, 
S. A., & GÜNDOĞDU, S. G.), (KORKMAZ, S. A., & ÇAKIR, V.). However, 
in this study, studies in biotechnology on algae were examined. In an article, 
the authors explain in the conclusions that; In this study, some important factors 
and biodiesel processes affecting chemical composition and productivity. The 
microalga, Chlorella minutissima is under investigation. According to the results 
obtained, it was concluded that such a process is possible with productivity values 
of 7.42 g biomass/l/h and 14.32% lipid content. The resulting biomass had a high 
protein content. This shows that the cake can be used as animal feed after oil 
extraction as fuel. A promising solution for biodiesel producers producing large 
amounts of waste crude oil glycerol could be the processing of waste glycerol 
by feeding microyoga in bioreactors. Micro algal fermentation is advantageous 
compared to photoautotrophic systems in terms of high efficiency and easier 
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flow direction process management thanks to the high biomass concentrations 
obtained in biological reactors. Thus, not only is the waste glycerol removed, 
it can be converted into bio-oil for use in the biodiesel industry and, due to its 
high protein content, can turn out to be another valuable product as animal feed 
(Çağlar, E. ,2010).

In another article, the authors explain in the conclusions that;  This study 
tested the antimicrobial effect of 6 different types of karaoke against 18 different 
microorganisms. In this doctoral thesis prepared in the light of the data obtained, 
it was emphasized on which microorganisms are affected by the level of karayos. 
In particular, the detection of new antimicrobial factors has become important, 
as microorganisms today develop rapid antibiotic resistance. For the detection 
of factors, it is first necessary to determine which plants have an antimicrobial 
effect and then to reach the determination of the affected material through 
extensive research. At this point, it is thought that the data we find will shed 
light on further research to be carried out later (Canli, K. ,2012).
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1. Introduction

Nanoscience and nanotechnology cannot be defined with exact 
description, but can be defined in terms of understanding, control, 
and functionalization of materials at the atomic level, at a scale of 

1 to 100 nanometers (nm). Nanoscience is an ‘interdisciplinary science’ i.e. 
chemistry, physics etc. It includes concepts from more than one discipline, such 
as. Nanotechnology is science, engineering and technology at the nanoscale, 
which is about 1 to 100 nm. The most well-known expression of nanoscience 
is the science that explains the properties of materials in atomic, molecular 
and macromolecular dimensions and states that these properties are different 
from those in larger dimensions (The Royal Society, 2004) Nanoscience is a 
multidisciplinary science (Figure 1). Nanoscience, in short, is the science and 
field of Nanotechnology, the characterization, production and application of 
atoms and molecules, analytical devices and designed structures with appropriate 
setups by controlling shape, size and nanometric dimension.

The father of nanotechnology, Physicist Richard Feynman, Nanotechnology 
science and the ideas, applications and concepts behind nanotechnology science, 
long before the formation of nanotechnology terminology, on December 29, 
1959 at the California Institute of Technology, at the American Physical Society 
meeting, physicist Richard Feynman’s “Below It started with his speech titled 
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“There’s a Room” and was first used as a term at that time. In his conference 
speech, Feynman described a delicate process in which scientists manipulate 
and control atoms and the molecules they form. Ten years after the conference, 
Professor Norio Taniguchi coined the concept of nanotechnology in advanced 
precision machining applications (https://www.revolvy.com, 2017).

Nanotechnology aims to explain the events that have taken place in the 
field of science which is a new nanometer. Nanotechnology is the ability to 
control the building blocks of matter at the atomic and molecular level. With a 
general approach, 100 nm and smaller material, device development. One nm, 
a metric is one billion. The materials resulting from quantum effects exhibit 
different nano-dimensional properties. The field of nanotechnology is used in 
practice in specific and strategic fields such as medicine, electronic materials, 
and energy generation and transport. In other words, the spatial dimension of a 
nanometer is parametrically defined. to a metric is approximate with the scale of 
the marble soil; or in another way: A nanometer is the amount of time a beaver’s 
beard grows to take his shaver to his face. Sizes of nano-particles, wave length 
of visible lights, atoms and molecules, X-rays and gamma rays are compared on 
the Table 1.

Fig. 1. Nanoscience is an integrating interdisciplinary science.

Table 1. Sizes of nano-particles, wave length of visible lights, and atoms and molecules

Physical examples Size (m)

Nano particles 3-5x10-9 

Visible lights 4-7x10-7

Atoms and molecules 1-2x10-10

X-rays 1x10-8-1x10-12

Gamma rays 1x10-12-1x10-13
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A nanostructured advanced material is a one-dimensional object in the 
nanoband (1 nm-100 nm band). Nanoadvanced materials are also categorized 
according to their level as given in Table 2.

Table 2. Nanomaterials are classified according to their dimensions

Dimension of nanomaterial Typical example
All three dimensions < 100 nm Nanoparticles, quantum dots, nanoshells, 

nanorings, microcapsules
Two dimensions < 100 nm Nanotubes, fibres, nanowires
One dimension < 100 nm Thin films, layers and coatings

The science of nanotechnology enables us to manipulate the basic 
building blocks of all matter atoms in the smallest dimension, making it easy. 
By organizing and renewing this scope, science can design new and advanced 
products with new chemical, planetary and physical structures.The results of 
nanotechnology studies have features that have never been seen before, allowing 
us to reach conclusions.

The term nanotechnology (often used as “nanotech”) is the process of 
manipulating material at the atomic and molecular scale. In general terms, 
nanotechnology deals with the application and development of materials, 
devices or other structures that have at least one dimension in the 3x10-9 to 
5x10-9 nanometer band. Quantum mechanics interactions are important at this 
quantum field level.

In short, nanoscience is the study of nanotechnology, the arrangement, 
application, control and integration of atoms and molecules that make up 
substances at the nanoscale. This feature can offer a foresight about how 
chemical, electrical, biological and mechanical nano-micromachines can be 
produced that will replace most of the production steps and tools of our age. 
The effects of nanotechnology on the focus of scientific progress, economic 
and social development will be surprising and very impressive. In recent years, 
nanotechnology-oriented inventions and innovations have shown many studies 
and applications in medicine, materials science, computer science, polymer 
studies, biorefining operations and other applied industrial multidisciplinary 
fields. A range of industry-developed nanotechnology products can be of great 
benefit for space applications and deep space exploration missions (Porter et al., 
2007).
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The field of nanotechnology is already used today to produce stain-
resistant fabrics, odor-emitting socks, and even heat-resistant coating materials 
and paints. However, the most important potential of its technology is in the field 
of energy applications. We will be able to produce much cleaner, more efficient 
and cheaper energy technologies than fossil fuels or other renewable alternative 
energy sources, by renewing and restructuring the nano-level energy recovery 
technology and storage processes and the method of directly transporting and 
using energy. alternative or renewable energy sources and technologies around 
today (Demirbas, 2016).

Nanotechnology as a field of science is a relatively new science, with its 
debut dating back to Studies in the 80s and since then have focused on developing 
the tools needed to work at the nanoscale. Today’s sectoral applications continue 
to increase rapidly by constantly renewing and developing and are preparing 
for a great explosion on a sectoral basis in the coming period. Nano-energy 
in particular has received little attention in terms of studies so far, but it is 
increasingly being talked about as the most important area for development. It 
can be assumed that the advanced comprehensive nano-energy portfolio to be 
developed will be extremely important, valuable and strategic in future scientific 
process models. 

Advances in this area open up the possibility to go beyond our currently 
existing power generation and supply alternatives by offering more efficient, 
inexpensive and environmentally sound Technologies (Porter et al., 2007; 
Demirbas, 2016; Demirbas, 2008).

2. The Importance of Nanotechnology

The most important trend that emerged in the world today is the 
interdisciplinary interaction that various professions work together to complete 
each other. When you look at the most important business areas of your 
future, you will be able to learn about Renewable Energy, Nanotechnology, 
Biotechnology, Health Technologies, Computer Games, Cyber Security, Food 
Engineering, Industrial Data Analysis Engineering, Materials and Control 
Engineering, Genetics and Biomedical Engineering, Law and Medicine is in 
the foreground. In today’s developing business world, there are consulting 
professions such as Computer Software Specialist, Psychologist, Sociologist, 
Designer, and Scriptwriter.
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Pharmaceuticals, including nanotechnology science, biotechnology, 
automobile industry, electronics, semiconductor industry, optoelectronics, 
healthcare and medical as well as pharmaceuticals, cosmetics and production 
among others; textiles and polymers, advanced materials science including 
packaging, food science with environmental function and inspection, quality and 
role, aviation industry, sporting field materials, strategic protection and military, 
among others. The branches of the field of nanotechnology are presented in 
Table 3. 

The solution of the global energy problem requires protection and 
evolutionary developments in existing technologies, as well as the revolutionary 
new technology. The efficiency of energy use will come from the revolutionary 
new materials that have not improved much, but are particularly cheap, 
environmentally sensitive and both stronger and lighter than steel. Energy 
transmission and storage, especially power and hydrogen, are an important 
social need and promise of solutions with new nanotechnologies (Demirbas, 
2008; Shrair, 2013).

Scientists have dreamed of wireless energy transport from extraterrestrials 
for the last century. Nikola Tesla was one of these scientists. “There is a lot of 
energy everywhere in space,” Tesla said in 1882. If energy is static, our hopes 
are dashed. NASA is working on a revolutionary level for the “power satellite 
system”. The satellite is designed to use large thin-film textures or mirrors to 
direct incoming free photons towards the PV and emitter arrays (Shrair, 2013; 
Zhang et al., 2014; Jarvis, 2011)
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Table 3. Branches of nanotechnology: Main, multi-disciplinary and contributing fields

Branches 
of 

nanotechnology

Sub-ranches 
nanotechnology

Utilization facilities 
on the nanoscala

Main fields Nanoengineering
Green 

anotechnology
Wet 

nanotechnology

Working up to large masses from small 
ones, environmental sustainability, 

use of the products of nanotechnology 
to enhance sustainability, practice of 

engineering on the nanoscala.
Multi-

disciplinary
fields

Nanobiotechnology
Molecular 

engineering
Material science

Ceramic 
engineering

Intersection of nanotechnology and 
biology, the structure of materials at 

atomic or molecular scales and their nano 
properties, non-metallic materials, science 
and technology of creating objects from 

inorganic.
Contributing 

fields
Nanomechanics
Nanoelectronics
Nanophotonics

Fundamental mechanical properties of 
physical systems at the nanometer scale, 

use of nanotechnology on electronic 
components, transistors and inter-atomic 

interactions and quantum mechanical 
properties, the behavior of light on the 

nanometer scale.
Application fields General 

contributing 
fields

Calculus, chemistry, computer science, 
physics, engineering, miniaturization, 

protein engineering, quantum mechanics, 
self-organization, science, supramolecular 

chemistry, tissue engineering, robotics, 
medicine etc.

An important event in the formation of all fuels is the source of carbon 
fuels (Demirbas, 2009; Demirbas, 2004). Nanotechnology promises great 
opportunities on energy facilities, advanced space technology and nuclear 
energy. In the future, nanotechnology information can play an important role for 
the innovation needed in the energy sector. The use of nanoscale catalysts is new 
from fossil and biologically renewable materials.

Progress in nanotechnology can solve some issues successfully in the 
largest and most challenging energy field we face; Thanks to nanoscience, Fossil 
fuels can be used in a cleaner, safer and cheaper way in a highly environmentally 
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friendly way. It may be cheaper to produce renewable resources and may be 
easier to implement. In the nuclear field, Uranium-based reactors that can be 
recycled with radioactive by-products will be safer, smaller in size and more cost-
effective. More importantly, nanoscale advanced materials and new advanced 
laser devices can be developed that will enable the generation of nuclear energy 
without resorting to radioactive by-samples with other force techniques.

It is envisaged that the technologies and products derived from nanoscience 
studies provide the best hope for a new, cleaner and more efficient energy asset 
and strategies that will form the backbone of the next energy age.

Nanotechnology has the greatest potential interaction in the field of 
energy, as in many other fields. in some ideas unparalleled possibilities for the 
creation of sustainable energy options and the extreme increase in transport and 
generation efficiency. It covers the whole perspective of fundamental and applied 
research on nano-dimensional phenomena for nanoscience and its technology, 
energy generation technique, transformation, storage, transport and safety in 
all its perspectives; Nanotechnology adapted to energy and power parameters, 
including solar cells and fuel cells, and energy and energy storage methods 
associated with capacitors; Planning, design, construction and implementation 
(green energy and biological treatment) in terms of advanced advanced energy 
efficiency and sustainability of energy production methods; mitigating the 
conservation aspects of traditional and non-traditional energy/power centers 
(Shrair, 2013).

Nanotechnology is thought to provide the best hope for a new, cleaner and 
more efficient energy system that will form the backbone of our future energy 
industry.

Outdated batteries have a low energy form and therefore very long 
charging times in terms of storage. Nanotechnology applications must turn to 
new materials with profound and disruptive effects on energy efficiency, such 
as intermediate catalysts for energy recycling or emission interactions, fuel cells 
or durable, lightweight transport transmission lines and new technologically 
advanced advanced materials. There are orders for large-scale innovation in 
nanotechnology, such as nanocomposites for nanotubes, nanowires and nano 
batteries. Nanoscale membranes, nano horn electrodes and nano catalysts 
will prepare fuel cells for use on an even smaller and more economical scale 
(Demirbas, 2016).

Nanotechnology is a relatively new and advanced field of science - the 
first major studies took place in the mid-80s, and the focus has since been on 
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nanoscale work, the development of tools and equipment for the job. Now, 
however, industrial applications are increasing and the industry is preparing 
the infrastructure for a big boom in the coming period. First of all, nano-
energy has not yet been given much attention, but it is increasingly recognized 
as the most important area for its development. There is hope that the nano 
energy portfolio being developed in the coming period will be very valuable 
(Demirbas, 2016).

Developments in nanotechnology offer the possibility to go beyond 
existing energy supply alternatives by offering more efficient, cheaper and 
environmentally sensitive technologies.  The solution of the global energy 
problem requires protection and evolutionary developments in existing 
technologies, as well as the revolutionary new technology. The efficiency 
of energy use will come from the revolutionary new materials that have not 
improved much, but are particularly cheap, environmentally sensitive and both 
stronger and lighter than steel. Energy transmission and storage, especially 
power and hydrogen, are an important social need and promise of solutions with 
new nanotechnologies (Shrair, 2013).

The examples and typical properties and natural nanomaterials are given 
in Table 4. What happens at the nanoscale? Certain properties of nonamaterials 
such as surface, electrical, electronic, optical, magnetic, mechanical properties 
change at the nanoscale.

Liquid crystals were first discovered in 1888 by the botanical physiologist 
Friedrich Reinitzer. He was experimenting on the substance in the form of 
cholesterol (cholesteryl benzoate) and trying to determine the correct structural 
formula and molecular structure and weight of cholesterol. While trying to define 
the melting point, an indicator of the purity of a substance, he was surprised to 
find that it had two different melting points. The first of the melting point was 
determined at 145.5 °C, where the solid-structured crystalline form was melted 
into a cloudy liquid. The nebula transitional form had risen to 178.5°C and the 
nebula image suddenly rose to a transparent liquid structure.

The different quantities of materials, for example cholesteryl oleyl 
carbonate, cholesteryl pelargonate and cholesteryl benzoate, needed to make 
different types of liquid crystals at different temperatures. Fig. 2 shows the 
block diagram of liquid crystals fits into the classification of physicochemical 
condensed matter.
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Table 4. Examples and typical properties and natural nanomaterials

Natural nanomaterial Examples and typical properties
Clays The layers are 20–100 nm in diameter.
Natural colloids Such as milk and blood (liquid colloids), fog (aerosol 

type), gelatin (gel type).
Mineralized materials Such as shells, corals and bones.
Horny materials Like skin, claws, beaks, feathers, horns, hair. These are 

made largely of very flexible proteins like keratin, elastin 
and collagen.

Paper and cotton Both are made mainly of cellulose.
Spider silk Silk is the material with the greatest known strength.
Metal colloids They are dispersed in a medium.
Liquid crystals They are substances with properties between conventional 

liquids and solid crystals.
Bone Bone is a nanomaterials composed of organic (mainly 

collagen) and inorganic (mainly nano-hydroxyapatite) 
components.

Glucose A glucose molecule is about 1 nm in size.

The surface properties of the material are very important. The speed 
of heterogeneous chemical reactions depends on the contact surface of the 
substances. The contact surface increases with the presence of an object with 
a specific volume and mass (Table 5). In order to increase the surface of the 
material, it is necessary to use an energy called surface energy. When small 
particles come together and form large bands, the energy becomes bloom, which 
is called structure energy or crystal energy in crystal form.

Bulk material and nanomaterial, whatever; Its physical and chemical 
properties depend on its surface specific properties. Properties such as catalytic 
events, electric field, storage and chemical events depend on the interface shape. 
Nano-advanced materials have a large amount of atomic particles on their 
surface. This, in turn, has a heavy impact on superficial events such as catalysis 
events, fixation reactions, and reactions that require the physical adsorption of 
certain types on the surface of the material to be initiated first.

Superficial or interfacial superatoms and molecules are different from 
atoms or molecules of the same structure in a material. However, it also applies 
to any item. Atoms and molecules at the interface have a much greater propensity 
to multiply and agglomerate reaction products: their superficial superatoms and 
molecules are unstable and have superficially high surface energy.
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Fig. 2. Block diagram of condensed matter and classification of liquid crystals.

Table 5. The importance surfaces of microparticules

Size of cube side Number of cubes Collective surface area
1 m 1 6 m2

0.1 m 1 000 60 m2

0.01 m = 1 cm 106 = 1 million 600 m2

0.001 m = 1 mm 109 = 1 billion 6 000 m2

10-9 m = 1 nm 1027 6x 109 = 6 000 km2

The melting point of nanoparticles and wires such as Au, Pt and Ni metals 
depend on their size and surface energy (Kim & Lee, 2009). The melting point 
and color of gold (Au) changes as the particle size changes at the nanometer 
scale (Buffat & Borel, 1976). The crystal structure of the metals is close to the 
nano-structure. As the crystal structure of a solid metal changes, the melting 
temperature also changes. The nano-crystalline texture reduces the brittleness 
of the metal, increases its flexibility and facilitates its machinability, as well as 
its mechanical strength.

3. Educational Issues in Nanoscience, Nanotechnology and 
Nanomaterials

Nano-education within the nano-field covers a multidisciplinary science 
education with educational processes such as physics, chemistry, mathematics 
and molecular biology. Trainings in this process are given by many universities 
around the world. Again in this process, the first educational program process 
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including Nano education was presented as an opportunity by the Engineering 
Sciences program of the University of Toronto (Sweeney, 2008).

Nanoscience and the accompanying nanotechnology will open its doors 
to a technologically advanced revolution in the millennium, the new age of 
knowledge and science. Nanotechnology has a great potential to greatly influence 
and influence the world’s life in every aspect. In the near future, nanotechnology 
will be deeply affected, especially in chemistry, physics, biology, engineering, 
architecture, electricity, electronics, computers, information and biotechnology, 
aviation, defense, energy, environment, medicine and economics.

Nanotechnology research and development will change traditional design, 
analysis and manufacturing practices for a wide range of engineering products. 
This effect will lead the universities to educate students with the knowledge, 
understanding and skills necessary to interact with the field of nanotechnology and 
to achieve leadership. That is why the academic community has been competing 
to provide the facilities and facilities needed to create new opportunities in the 
nanotechnology workforce.

The main objective of nanotechnology is to model, simulate, design 
and manufacture nanostructures and nanowires with unusual properties 
and to mount them on a system that has economically advanced functional 
properties. Nanotechnology offers a groundbreaking new material 
development paradigm by controlling and manipulating the basic building 
blocks of the material at the nanoscale. For this reason, students need to be 
guided towards specific educational goals in order to confront difficulties 
related to nanotechnology.

In essence, nanotechnology really offers an interdisciplinary approach. 
An interdisciplinary curriculum with a broad understanding of basic science 
intertwined with nanotechnology engineering and information science is 
targeted. Interactive learning should strike the mark of nanotechnology 
education. Technology can play a strong role both outside of class and facilitating 
interactive learning.

The main goals of nano-education are given in Table 6. Required courses 
for nanotechnology education are given in Table 7. It can be added general 
chemistry, physics, mathematics and biology to the required courses list. Table 
8 shows the elective courses for nanotechnology education.
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Table 6. The main goals of nano-education

Those who receive training on this subject should be able to participate in all research 
and development studies and experimental studies related to nanotechnology from the 
internet.

Students should be given opportunities to work directly with established 
nanotechnology research centers to gain direct experience. 

Academics should collaborate across industries to teach and train students in 
nanotechnology science.

 To teach nanotechnology courses, it is extremely necessary to use a team of specialist 
faculty members in appropriate disciplines. 

Nanotechnology training should be integrated into the general undergraduate 
curriculum. State, industry and university should promote joint cooperation for 
student education in nanotechnology science.

The inclusion of guest speakers in conferences and symposiums to be organized in 
industry and research centers will enhance the quality of existing courses.

The new Nanotechnology Process option in the Undergraduate Chemical Engineering 
(CHE) program should target students as well as how the core competencies of ChE 
discipline can be applied to the production of nanotechnology-based products as well 
as how multidisciplinary experiences will develop.

Table 7. Elective courses for nanotechnology education

Materials Science

Biomaterials

Polymer Engineering and Science

Surface Chemistry

Physical Chemistry of Materials

Electronic Materials and Devices

Statistical Quality Control

Experimental Design for Industrial Processes

Semiconductor Processing
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Table 8. Required courses for nanotechnology education

Course Course content
Basic Concepts in 
Nanoscience

Definations; nanoscience, nanotechnology and nanomaterial 
concepts; history of nanotechnology; comparison of 
nanoscalas with well-known particulas; chemical, phical and 
biological concepts in nanotechnology

Introduction to 
Nanotechnology

Definations; general technology; importance of 
nanotechnology; nanotechnology in engineering; 
nanotechnology in other multidisciplinary fields.

Stochiometry in 
Nanotechnology

General mass balances; calculation problems in 
nanotechnology.

Energy and Mass 
Balances 
in Nanotechnology

Definations; fundamental students skills in nanotechnology; 
multidisciplinary energy and mass balances.

Thermodinamics 
for Nanotechnology

Introduction to thermodinamics; The lows of 
thermodinamics; thermodinamics for nanotechnology and 
nanomaterials.

The Science, 
Engineering and 
Social Impact of 
Nanotechnology

General engineering survey of biological, electrical, 
environmental, ındustrial, manufacturing and mechanical 
engineering in the field of nanotechnology; stoudent 
hands-on activities, demonstrations, and projects; risk 
assessments of nanotechnology; the lifecycle of technology 
development.

Instrumental 
Techniques in 
Chem, Bio and 
Environmental 
Engineering

A toolbox of instrumental techniques important in chemical, 
biological, and environmental engineering; specific 
techniques useful for the characterization in nanoscale 
systems; the appropriate instrumental technique to solve 
specific nanotechnologic problems.

The Nanomaterials Surface; electrical; electronic; optical; magnetic; mechanical 
properties of nanomaterials.

Thin Film Material 
Processing

Definations; introduction to the technology associated 
with processing thin films; solid state of thin films; 
nanotechnology processes options on thin films; chemical 
vapor deposition; physical vapor deposition; plasma etching; 
metallic thin film for a photovoltaic device.

Natural 
Nanomaterials

Clays; Natural colloids; Mineralized materials; Horny 
materials; Paper and cotton; Spider silk; Metal colloids; 
bone; glucose
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Chemical 
Engineering Lab

Separation of particulate matter; hydraulic classification 
of particles; determination of melting points of metallic 
materials; thermogravimetric analyses, differential 
thermal analyses; refractive index; colorimetric analyses; 
photosynthesis; determination of higher heating values

Nanotechnology 
Lab

Synthesis of liquid crystals; preparation of thin films; thin-
film characterization; nanometric applications in electronic 
devices; semicoductors; transistors

4. Discussion & Conclusion

Nanotechnology is currently the field of science that deals with the 
smallest structures and allows manipulating all the basic building blocks of 
matter atoms and subunits. By constructing, editing, or renovating this level of 
advanced materials, scientists are creating exquisite materials that are perfectly 
tailored, with new chemical, cell, and physical coverage – not possible before. 
Nanotechnology promises to answer many problems in all fields of work. This 
big move to smaller dimensions requires that students first enter the micro and 
nano-worlds. Interaction with small and invisible features helps to improve 
problem-solving skills and can be exciting and fun. Students will enjoy exploring 
with the tools Nanoscience Instruments offers.

Nano-education should be integrated into the general undergraduate 
curriculum. To achieve these goal, industry and university organs should develop 
their cooperation to educate students in nanotechnology.
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1. Introduction

Since seafood is perishable and must be consumed fresh, it is one of 
the risky food groups to work with. For businesses working with perishable 
food group, it is of great importance to process the products correctly, to use 
the machines where these processes are made, and to preserve the processed 
products (Kontominas et al., 2021; Pinto de Rezende et al., 2022). Due to its 
importance, these facilities must have a modern, environmentally friendly and 
efficient technological system. The choice of food processing machinery and 
equipment used by the facilities depends on the targeted production capacity, 
the suitability of the production system, the structural features of the equipment 
and the costs to the enterprise. 

Fisheries manufacturing factories need the use of technological machinery 
to bring their production activities to the highest efficiency. In this direction, 
it is important to provide low cost and efficient production in the selection of 
machines used in production systems. In this regard, Multi Criteria Decision 
Making (MCDM) techniques can be used to reach the right solution.
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Fish farming is an important industry that is developing rapidly. Since this 
sector has become a sector that contributes to the development of the economy, 
the share of fish farming in the business world has a high potential. In addition, 
seafood appears to be an important source of protein for human health (Vianna 
et al., 2020) In the seafood market, it is offered to consumers in the form of 
dried, salted fish, heat-treated, fillet, canned, frozen and smoked products. When 
these products are processed, they create employment opportunities and support 
the development of other sectors and are preserved for a long time thanks to the 
advantage of their shelf life (Lacivita et al., 2021). The employment created by 
this sector in society emerges as a socio-economic opportunity. High demand, 
which is important for health and economy, shows us that fish production should 
be increased. It is difficult to meet this high demand created today (Wahid et al., 
2017). Therefore, alternative routes are needed. The fish processing industry 
needs to be affordable, fast and objective in achieving the ability to meet the 
different demands that may occur after harvest. At the level of innovation 
reached today, traditional methods are laborious, time-consuming and costly. 
Being involved in this development with the fastest and lowest cost steps 
possible is critical for the profitability of the business in choosing the appropriate 
equipment and machines (Saberioon et al., 2017).

The main purpose of MCDM includes the selection of the best alternative 
using the criteria created based on the opinion of the decision maker and the 
expert (Stojčić et al., 2019). The decision process in machine selection problems 
requires expertise and requires time, since it directly affects many factors such 
as the location of the production facility, productivity, efficiency, and the number 
of workers to be employed for production enterprises. Managers who will decide 
on the selection should consider this process in detail and reach the final result 
by examining the products offered by alternative machine manufacturers. At this 
point, in addition to the evaluations such as product quality and cost, which are 
frequently encountered in selection problems, consideration of more than one 
qualitative and quantitative criteria are required.

MCDM problems, which are frequently encountered in daily business 
life, can help decision processes in purchasing machinery, raw materials, 
tools and equipment. The purchase of machines with advanced technology 
constitutes a serious cost element. The purchasing process of such high-
tech machines requires an important decision-making process. In addition, 
it should not be ignored that dissatisfaction with the purchased machine 
will cause financial difficulties for the business. The greatest strength of 
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multi-criteria methods is that it handles problems that arise in a number of 
conflicting situations.

In the literature, frequently used MCDM techniques in the decision process 
of machine and equipment selection are summarized as follows:    

Štirbanović et al. (2019) used VIKOR and TOPSIS methods to evaluate 
flotation machines from mineral processing equipment manufacturers.

Akın (2019) used Entropy-ROV and CRITIC-ROV methods to select 
bedside border sewing machine for a company that produces sleep products. 

Abdel-Basset et al. (2019) introduced a new approach to the selection 
process of smart medical devices in an uncertain decision environment. To 
simulate these processes, a method was proposed under Group decision making 
that combines neutrosophics with TOPSIS.

Faydalı and Erkan (2020) used the VIKOR technique in the selection of 
a packaging machine to be used in the quality control department of a textile 
company.

Tolun and Tümtürk (2020) take into account in the purchase of machinery 
and criteria were weighted with AHP, and the most proper alternative was 
selected with the help of GRA among the different alternatives determined by 
the enterprise.

Karakış (2021) used CRITIC and MAUT to select the best knitting machine 
selection for a textile company. 

Goswami and Behera (2021) used Entropy to determine criterion weights, 
and to rank alternatives ARAS and COPRAS were used.

Akpınar (2022) used fuzzy SWARA method to determine the criterion 
weights, and the fuzzy ARAS method to select the best alternative in turning 
machine selection process.

Raja and Rajan (2022) considered the 3D printer criteria and fuzzy 
TOPSIS technique was applied for the selection of 9 fusion deposition modeling 
machines.

As can be seen in the comprehensive literature review given above, BWM 
and EDAS methodologies were not taken into account in the flitting machine 
selection before. In this study, the filleting machine, which is one of the fish 
processing machines, is emphasized. Criteria weights were determined by 
the BWM in the selection of the appropriate filleting machine for the seafood 
manufacturing factory, and the most appropriate alternative selection was made 
among the filleting machines by using the EDAS method.
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2. Method

In this study, the BWM was used to determine the criterion weights for the 
selection of the filleting machine in the seafood manufacturing plant. The EDAS 
method was used to rank the most suitable machine selection.

2.1. BWM

The BWM proposed by Rezaei (2015) was used to determine the criterion 
weights. In this method, the best and worst decision criteria are selected by 
decision maker and decision criteria are evaluated by using a number between 
1 and 9. 

In Figure 1, steps of the BWM method are presented (Rezaei, 2015, 2016):

Figure 1. Steps of Best Worst Method

2.2.	EDAS

EDAS method is a MCDM method that tries to find a distance-dependent 
solution (Keshavarz Ghorabaee et al., 2015). In the proposed method, instead 
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of ideal and anti-ideal solution, there are two measures of alternatives (PDA 
and NDA). In the system, there are n alternatives and m criteria and Xij shows jth 
criteria performance for alternative i. 

The steps of the EDAS method can be seen in Figure 2.

Figure 2. Steps of EDAS method
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3. Results and Discussion

Aquaculture and food production has been determined as the fastest 
growing sector in the world, and the sector is developing and becoming 
widespread in almost every region (Subasinghe et al., 2009). In this study, the 
problem of choosing a filleting machine in an aquaculture production facility 
was addressed.

3.1.	Determination	of	Criteria	Weights

In order to determine the criteria alternatives, similar articles in the literature 
and the characteristics of filleting machines sold on the internet were examined. 
In addition, a team of experts in the field was established and evaluation criteria 
for the process were confirmed.

The price of the machine and the payment terms are the leading factors 
that will affect the decision of the companies between the alternatives. 
Machine supplier companies are trying to be preferred with the price 
differences they provide with different payment methods. Machine capacity 
is a criterion, as the number of fillets per minute is also important. Machinery 
investments are high-cost and long-term investments. The companies’ ability 
to earn the desired profit from this investment depends on the time they will 
use their machines without any problems. After-sales service support, training 
services and spare parts supply by the purchased company are the points to 
be considered in selection process. In cases where it is necessary to use the 
machine by a single or multiple operators, the choice of a machine that can 
work with a single operator will be more appropriate in terms of costs. Since 
it is a long-term investment tool and it is an important cost item since it is 
used for long hours, energy costs are also among the criteria to be considered. 
Maintenance costs are also important in terms of machine selection, as they 
can cause great costs. It will also be important to consider items such as labor 
cost, spare parts, material/service cost and investment costs that make up the 
maintenance cost.

To select the appropriate filleting machine in a seafood manufacturing 
plant, first of all, the weights were determined by the BWM. The criteria 
including price (C1), number of fillets produced per minute (capacity) (C2), 
delivery time of the machine (C3), energy consumption (W) (C4), number of 
operators to use the machine (C5), warranty period (month) (C6), maintenance 
costs (annual) (C7) are considered.
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After the criteria were determined, first the most important criterion was 
selected as C2 and the least important criterion was selected as C3. Then, 
the preference levels of the most important criterion over other criteria and 
the preference levels of the other criteria over least important criteria were 
considered, the evaluations were shown in Table 1 by using the evaluation scale 
in the range of 1-9.

Table 1. Criteria Evaluation for Filleting Machines

Best to others vector
The most important criterion: C2 C1 C2 C3 C4 C5 C6 C7

2 1 8 3 4 5 6
Others to worst vector
The least important criterion: C3 C1 C2 C3 C4 C5 C6 C7

8 8 1 6 5 4 2

The final results are presented in Table 2. Number of fillets produced per 
minute (capacity) (C2) had the highest weight among the criteria. This criterion was 
followed by price (C1) and energy consumption (C4), respectively. The criterion 
with the least weight was determined as delivery time of the machine (C3).

Table 2. Final score of the criteria weights 

Weight 
score

C1 C2 C3 C4 C5 C6 C7
0.211 0.352 0.035 0.140 0.105 0.084 0.070

3.2.	Ranking	of	alternatives	by	EDAS

In this step, where the weights obtained with the BWM are used and firstly, 
the decision matrix is created as seen in Table 3. With the literature review 
analysis and expert interviews, 6 flitting machine brands were determined as an 
alternative.

Table 3. Decision matrix for criteria weights 

Machines C1
(x104)

C2 C3 C4 C5 C6 C7
(x103)

A1 75 22 15 1200 2 24 25
A2 82.5 25 25 1500 1 15 25
A3 95 35 15 2250 0 24 28
A4 70 25 45 1200 1 20 20
A5 80 30 25 1500 2 18 25
A6 85 32 20 2250 1 12 20
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After the decision matrix is constructed, PDA and NDA matrices are created 
for each criterion. For each criterion, it is calculated differently depending on 
whether the criteria are benefit or cost oriented. In this study, the second and 
sixth criteria were defined as benefit-oriented and the others were cost-oriented. 
PDA and NDA matrices are shown in Tables 4 and 5.

Table 4. Positive Distances from Average

Machines C1 C2 C3 C4 C5 C6 C7
A1 0.0769 0 0.3793 0.2727 0 0.2743 0
A2 0 0 0 0.0909 0.1429 0 0
A3 0 0.2426 0.3793 0 1.0000 0.2743 0
A4 0.1385 0 0 0.2727 0.1429 0.0619 0.1608
A5 0.0154 0.0651 0 0.0909 0 0 0
A6 0 0.1361 0.1724 0 0.1429 0 0.1608

Table 5. Negative Distances from Average

Machines C1 C2 C3 C4 C5 C6 C7
A1 0 0.2189 0 0 0.7142 0 0.0489
A2 0.0153 0.1124 0.0344 0 0 0.2035 0.0489
A3 0.1692 0 0 0.3636 0 0 0.1748
A4 0 0.1124 0.8620 0 0 0 0
A5 0 0 0.0344 0 0.7142 0.0442 0.0489
A6 0.0461 0 0 0.3636 0 0.3628 0

After calculating the positive and negative distance matrices from the 
average, the weighted total positive (SPi) and negative distances (SNi) are 
calculated. Then, normalization step is performed. In the last step of the EDAS 
method, evaluation scores showing the performance of the alternatives are 
calculated as seen in Table 6.

Table 6. Appraisal scores and corresponding ranks

Machines SPI SNI NSPI NSNI ASI RANK
A1 0.091 0.156 0.400 0.000 0.200 6
A2 0.028 0.065 0.122 0.585 0.354 4
A3 0.227 0.099 1 0.364 0.682 1
A4 0.099 0.070 0.436 0.551 0.494 2
A5 0.039 0.083 0.171 0.464 0.317 5
A6 0.080 0.091 0.353 0.414 0.383 3
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The results of the BWM-EDAS technique showed that the A3 was the 
most suitable filleting machine. This alternative was followed by A4 and A6, 
respectively. It can also be seen that the last alternative is A1.

4. Conclusion

Depending on the characteristics of the manufacturing sector, machine 
selection decision processes can involve a very costly investment decision for 
businesses. Incorrect decisions regarding machine selection can negatively affect 
businesses both in terms of production processes and costs. For this reason, 
companies need to decide on the machine selection after a detailed evaluation 
process with the help of an expert team.

In this study, the criteria to be considered in purchasing the filleting 
machine were determined and the alternative machine purchase process in the 
aquaculture manufacturing factory was examined. The BWM method was used 
to determine the importance and weight of the criteria to be used in the study, 
and the EDAS method was used for machine ranking. The contribution of this 
study to the literature appears with the difference that the methods used were 
new and were not used in the filleting machine selection problem before.

In the analysis results, the most suitable filleting machine was found to be 
A3. This alternative was followed by A4 and A6, respectively. For future work, 
the results can be compared using different MCDM techniques. Furthermore, 
taking into account the uncertainty involved in the evaluation of the data 
can help making more effective decision. Methods such as Grey Relational 
Analysis, which have the feature of working with imprecise data, can also be 
used.
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1. Introduction

Rare Earth Elements (REE), also called lanthanides in the periodic table, 
are a group of chemically similar elements ranging from lanthanum 
(La) with atomic number 57 to lutetium (Lu) with atomic number 71. 

Scandium (21) and yttrium (39), which are located just above the lanthanum in 
the periodic table, are also characterised as REEs. Lanthanide group elements 
are classified into two groups: light rare earth elements (LREEs) [(La), Ce, Pr, 
Nd, Pm, Sm, Eu]; and heavy rare earth elements (HREEs) [Gd, Tb, Dy, Ho, 
Er, Tm, Yb, Lu, (Y)]. Although yttrium is the lightest REE, it is often grouped 
with HREEs, with which it is chemically and physically similar. Regardless 
of their names, rare earth elements are, contrary to popular belief, relatively 
abundant in the earth’s crust. Due to their reactivity, REEs have been found to be 
difficult to refine to pure metal. However, due to the similar chemical properties 
of REEs, effective beneficiation processes were not developed until the 20th 
century (Castor ve Hendrick, 2006; Chen, 2011; Xiao et al., 2016; Kurşun et al., 
2017; Yuan et al, 2018, Yang et al., 2019). The definition of REE metals is given 
in Table 1.
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Table 1: The Definition of REE Metals (MRE, 2017)

Symbol Name Atomic 
Number

Atomic 
Weight

Formula Denisty 
(g/cm3)

Melting 
Point (oC)

Sc Scandium 21 44,96 Sc2O3 3,0 1541

Y Yttrium 39 88,91 Y2O3 6,9 1522

La Lanthanum 57 138,91 La2O3 6,1 918

Ce Cerium 58 140,12 CeO2 6,8 789

Pr Prasedmium 59 140,91 Pr6O11 6,8 931

Nd Neodymium 60 144,24 Nd2O3 7,1 1021

Pm Promethium 61 147 Yok 7,3 1042

Sm Samarium 62 150,35 Sm2O3 7,5 1074

Eu Europium 63 152 Eu2O3 5,3 822

Gd Gadolinium 64 157,25 Gd2O3 7,9 1313

Tb Therbium 65 158,92 Tb4O7 8,2 1356

Dy Dysprosium 66 162,50 Dy2O3 8,5 1412

Ho Holymium 67 164,93 Ho2O3 8,8 1474

Er Erbium 68 167,26 Er2O3 9,1 1529

Tm Thulium 69 168,93 Tm2O3 9,3 1545

Yb Ytterbium 70 173,04 Yb2O3 6,9 819

Lu Lutetium 71 174,47 Lu2O3 9,8 1663

REEs, which are known to occur in more than 250 different minerals, 
do not exist as pure metals but as silicates, oxides, carbonates, carbonates, 
phosphates and halides and in combination. Some important rare earth minerals 
are given in Table 2 (MRE, 2017). Other elements with comparable properties 
are also found in the same minerals as REEs. However, the concentration 
of REE in most rock-forming minerals is not economically sufficient for 
commercial utilisation. Most of the rare earth minerals discovered to date 
contain very low concentrations of REEs ranging from 10 to 300 ppm. Rare 
earth minerals forming deposits of economic importance today are bastnaesite, 
monazite, xenitome, serite and fergusonite. These minerals contain 72%, 
60-70%, 53-65%, 60-70% and 31-44% rare earth oxides, respectively (Dolak, 
2010; Dandıl, 2019).
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Table 2: Some Rare Earth Minerals (MRE, 2017)

Mineral Name Chemical Formula

OXIDES

Serianite CeO2

FLUORIDES

Fluocerite (Ce,La)F3

Fluorite, serian (itrocerite) CaF2 + Ce sub-group

Fluorite, yttrian (itrofluorite) CaF2 + Y sub-group

CARBONATES

Ancylit (Ce,La)4(Sr,Ca)3(CO3)7(OH)4.3H2O

Bastnaesite CeFCO3

Doverite CaY(CO3)2F

Paricite 2CeFCO3.CaCO3

Synchysite CeFCO3.CaCO3

SILICATES

Allanite (Ca,Ce,Th)2(Al,Fe,Mg)3Si3O.(OH)

Senosite Ca2(CeY)2Si4O12CO3H2O

Serite (CeCa)2Si(O.OH)5

Gadolinite Be2FeY2Si2O10

Huttonite ThSiO4

Stilvellite (Ce,La,Ca)BSiO5

Thalenite Y2Si2O7

Thorite ThSiO4

Thortveitite (Sc2Y)2Si2O7

PHOSPHATES

Apatite Ca5(PO4)3(F,OH)

Brokite (Ca,Th,Ce,)PO4.H2O

Florencite Ce,Al3(PO4)2(OH)6

Monazite (Ce,La,Th,Y)PO4

Rabdophanite (Ce,Y)PO4.H2O

Weinschenkite YPO4.2H2O

Xenotime YPO4
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Minerals bearing REEs are found in mineral reserves such as mineralised 
rocks from dry land or alluvial deposits excavated from wet reserves. The 
properties of minerals formed in different places differ in terms of their 
composition. Deposits of minerals containing rare earths are scattered in 
different parts of the world. Bastnaesite deposits in China account for the largest 
share of world REE production, followed by monazite deposits in Australia and 
India, loparite deposits in Russia and xenotime deposits in Malaysia. Rare earth 
elements are comparatively more abundant in the Earth’s crust than previously 
thought, but their beneficiable contents are less widespread than other ores. 
The resources are mainly found in four geological settings: carbonatites, 
alkaline igneous systems, clay deposits with ion adsorption and placer deposits 
containing monazite-xenotime. Both carbonatites and placer deposits are the 
main sources for the extraction of light rare earth elements. Ion adsorption clays 
are the leading source for the production of heavy rare earth elements (Dandıl, 
2019; USGS, 2019). World rare earth element reserves are shown in Figure 1.
        When the information on REE in the sources is analysed, very different 
figures are encountered. This is due to the fact that countries strategically do 
not share their real figures with other countries, but only share as much as they 
want. Based on this fact, it is estimated that the actual reserves in the world are 
much higher. Rare earth metals are widely distributed on earth. China holds 
approximately 36.52%, Russia 19.27%, USA 13.19%, Australia 5.48% and 

Figure 1: World Rare Earth Element Reserves (USGS, 2019)
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India 3.14% of the REE reserves. As a result of the explorations carried out by 
the General Directorate of Mineral Research and Exploration in our country, 
REE deposits were identified in Eskişehir-Beylikahır, Malatya-Kuluncak, 
Sivas and Burdur. The most important REE reserve in our country is the reserve 
containing barite-fluorite and bastnasite in Eskişehir-Beylikahır (MRE; 2017; 
USGS, 2019; REERI, 2019). Table 3 shows the numerical data of world REE 
reserves.

Table 3: The Numerical Data of World REE Reserves (USGS, 2019)

Country Reserve (ton)
USA 1.400.000

Australia 3.400.000
Brazil 22.000.000
China 44.000.000
India 6.900.000

Malaysia 30.000
Russia 12.000.000

Vietnam 22.000.000
Other countries 4.400.000

Total 120.000.000

Today, rare earth elements are regarded as an extremely significant resource 
for the transition to high technology industries and are attracting worldwide 
interest of modern technology. REEs have commercial value as ore concentrates, 
mixed elements, byproducts, high vulnerability oxides and elements, metals and 
alloys. Rare earth elements are also called green elements because they are also 
used in green energy technologies and are used as metals, alloys or compounds. 
Rare earth elements can be used in many different areas due to their nuclear, 
metallurgical, chemical, electrical, magnetic and optical properties. There are 
rare earth elements in the structure of many substances and materials such as flint 
ignition, glowing glass materials, phosphorescent materials, lasers, magnets, 
batteries, high temperature superconductors. According to the United States 
Department of Energy data, rare earth elements are splitted into three sections as 
“critical”, “near critical” and “non-critical”. According to this matrix, the 5 most 
critical rare earth elements are neodymium, europium, terbium, dysprosium and 
yttrium (Güncan, 2015; Yıldız, 2016). Usage areas of rare earth elements are 
given in Table 4.
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Table 4: Usage Areas of Rare Earth Elements (MRE, 2017)

95% of the world’s rare earth element production comes from minerals 
such as bastnaesite, monazite and xenotime. The REE process consists of six 
main steps, including mineral deposit exploration, mining, ore beneficiation, 
chemical process, separation, refining and purification. REE processing 
begins with discoveries. Here, the locations of potential rare earth deposits are 
identified in order to extract valuable minerals. The high demand for valuable 
minerals such as Au, Cu, rare earth minerals and platinum (Pt) has increased 
the need for research on mining processes. The second step is mining, a 
standardised technique in the development of various minerals and elements. 
Of the 3 most widely known mining techniques, surface mining (open pit 
mining), underground mining and in-situ leaching, open pit mining is the most 
widely used for rare earths. This technique involves the extraction of ores 
from the walls of the tunnels and transfer to the surface by methods such as 
blasting and digging. The third step is the ore beneficiation process of rare 
earth bearing minerals. This process involves physical separation to remove 
unwanted impurities or to increase the concentration of a desired product. 
The process involves sizing, such as crushing and grinding, and separation of 
rare earth oxides from other minerals by dewatering after flotation, magnetic 
separation and gravity separation. The fourth step in rare earth processing is 
the chemical process known as the cracking process. It can be executed in two 
ways, with acid (inorganic acids such as H2SO4, HCl, nitric acid HNO3 and 
alkali (NaOH, Na2CO3), and in both processes the aim is to remove impurities 
and achieve high purities. ‘Mischmetal’, a mixture of rare earth metals, is 
obtained by electrolysis of rare earth chlorides obtained by acidic or basic 
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extraction from the rich concentrate. The fifth step involves a separation 
process to purify the rare earth oxides. There are five methods commonly used 
for this: supracritic, biosorption, electroextraction, solvent extraction and ion 
exchange. Between these methods, solvent extraction is the most commonly 
used method for the separation of rare earths in chemical industries (Dolak, 
2010; Dandıl, 2019).

2. Bastnaesite

Bastnaesite was first discovered at Bastnas, Sweden in 1841, at the same 
locality where the examination of a new mineral, cerite, led to the discovery of 
the metal cerium in 1804. In 1949, an enormous carbonatite-bearing bastnaesite 
deposit was found at Mountain Pass in San Bernardino County, California. 
This discovery alerted geologists to the presence of a brand new deposit, rare 
earth-bearing cabonatite. Operation of this deposit began in the mid-1960s 
after it was acquired by Molycorp (Molybdenum Corporation of America). 
Mountain Pass bastnaesite was the world’s major source of lanthanides from 
the 1960s to the 1980s. Since then, China has become increasingly important 
for the world supply of rare earths. Bastnaesite deposits in China include 
several deposits in Sichuan Province and the large deposit discovered in the 
early 20th century at Bayan Obo in Inner Mongolia. Bayan Obo currently 
supplies the lion’s share of the world’s lanthanides (Glass and Smalley, 1945; 
SL, 2022).

2.1.	Characteristics	and	Mineral	Composition	of	Bastnaesite

Bastnaesite is a fluorocarbonate mineral containing cerium and cerium 
subgroup elements. The general formula of bastnaesite includes cerium, 
lanthanum and yttrium, but formally the mineral is divided into three minerals 
according to the dominant rare earth element. These are bastnaesite-(Ce) with a 
more accurate formula of (Ce, La)CO3F, bastnaesite-(La) with a formula of (La, 
Ce)CO3F, and finally bastnaesite-(Y) with a formula of (Y, Ce)CO3F. Cerium, 
which is found in most natural bastnaesites, usually dominates the others. (SL, 
2022). The chemical composition of the bastnaesite mineral is given in Table 5 
and the properties of bastnaesite are given in Table 6.
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Table 5: Chemical Composition of the Bastnaesite Mineral (Kul, 2003; Yıldız 2016)

Element Presence in the mineral 
bastnaesite (%)

Element Presence in the mineral 
bastnaesite (%)

La 33.3 Dy 310 ppm
Ce 49.2 Ho 50 ppm
Pr 4.3 Er 35 ppm
Nd 12.0 Tm 8 ppm
Sm 0.8 Yb 6 ppm
Eu 0.1 Lu 1 ppm
Gd 0.2 Y 0.1
Tb 160 ppm

Table 6: The Properties of Bastnaesite (MINDAT, 2022; GEMDAT, 2022)

The properties of bastnaesite
Category Carbonate mineral
IMA symbol Bsn
Mohs hardness 4-4.5
Specific gravity 4.78-5.20
Cleavage quality Distinct, poor
Fracture Uneven
Tenacity Brittle
Refractive index 1.72 to 1.82
Optical character Uniaxial/+
Birefringence 0.100
Pleochorism Faint, E>O colorless to pale yellow or orange
Dispersion Nil
Colour (General) Orange-brown, Brown
Transparency Transparent
Lustre Vitreous, Pearly
Streak White
Diaphaneity Transparent to translucent
Crystal system Hexagonal
Crystal class Ditrigonal dipyramidal
Habit Short prisms, Tabular rounded
Twinning Dauphine law, Brazil law and Japan law
Other characteristics Strongly piezoelectric, dark red cathodoluminescence
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2.2.	Occurence	of	Bastnaesite

Bastnaesite is mostly found in veins and disseminated in complex carbonate-
silicate rocks. Rare earth oxides (RE2O3) constitute 75% of the bastnaesite mineral. 
The dominant bastnaesite deposit in the world is Mountain Pass in California, USA. 
This ore contains about 60% carbonate minerals (mostly calcite), 20% barite, 10% 
fluorocarbonates of rare earth elements and 10% silica and other minerals. The world’s 
largest known occurrence of rare earth elements is located in the Baotou complex 
iron ore deposit in China. The main rare earth minerals in the ore are bastnaesite (73% 
REO) and monazite (69.4% REO). Bastnaesite is twice as abundant as monazite, and 
the average grade of the ore is 5-7% REO and 28.32% Fe. Other major minerals 
in the ore are fluorite, barite, calcite and silicates. The total reserve of rare earth 
oxides in three ore deposits in this region (Bayan Obo) is 36 million tonnes and 
constitutes 80% of the world reserve. Smaller deposits of untapped bastnaesite are 
also known to exist in northern Vietnam. For example, the Dong Pao deposit consists 
of barite, fluorite, bastnaesite-quartz, iron and manganese hydroxides with REO 
contents between 5-14%. In this ore where bastnaesite and fluorite are interlocked, 
enrichment of bastnazite is observed below 15 µm (Özbayoğlu and Atalay, 2000; 
Zararsız and Tanrıkut, 2003; Zhang et al., 2010; Wang et al., 2013). Figure 2 shows 
simplified geological map showing the location of carbonatites, carbonatite-related 
REE deposits, and bastnaesite-dominated carbonatite-related REE deposits.

Figure 2: Simplified Geological map Showing the Location of Carbonatites,  
Carbonatite-Related REE Deposits, and Bastnaesite-Dominated  

Carbonatite-Related REE Deposits (Guo and Liu, 2019)
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In 1959, the General Directorate of Mineral Research and Exploration 
identified the Beylikakır REE minerals reserve containing an average of 
0.212% ThO2, 37.44% CaF2, 31.04% BaSO4 and 3.14% rare earth oxides in a 
15 km2 area between Kızılcaören, Karkın and Okçu villages, 40 km northwest 
of Sivrihisar district of Eskişehir province. Complex ore of hydrothermal 
origin contains rare earth elements, mainly in the mineral bastnaesite. In the 
complex ore deposit in Beylikahır region of Sivrihisar district of Eskişehir 
province, a total of 31 million tonnes of reserves, of which 20 million tonnes 
are visible, have been identified. Despite the relatively high Th content of the 
ore, no Th-containing minerals were detected in mineralogical studies, and it 
was stated that thorium was found in the crystal structure of REE minerals 
(Kul, 2003; Yıldız, 2016; Kurşun et al., 2017; Yeşilören Görmüş et al., 2021). 
The chemical structure of Eskişehir Beylikahır barite-fluorite-bastnaesite 
mineralisation is given in Table 7.

Table 7: The Chemical Structure of Eskişehir Beylikahır  
Barite-Fluorite-Bastnaesite Mineralisation (Yıldız, 2016)

Element/Compound Content (%) Element/Compound Content (%)

Ce 3.29 SiO2 1.30

La 2.83 CaF2 52.47

Nd 0.55 BaSO4 25.40

Pr 0.18 Al2O3 4.00

Sm 220 ppm Fe2O3 3.00

Gd 120 ppm ThO2 0.02

Eu 60 ppm SrO 0.60

Tb <25 ppm MnO 0.54

Dy 60 ppm P2O5 1.00

Ho 20 ppm CO2 1.16

Er 40 ppm S 3.60

Tm <10 ppm Pb 0.071

Yb 25 ppm Sc 0.004

Lu <10 ppm Ag 0.003

Y 300 ppm Ti 0.07

CaCO3
2.80 V 0.02

Mg 0.20
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2.3.	Beneficiation	of	Bastnaesite	Ore

Flotation method is generally applied for the separation of bastnaesite from 
the ore produced by open pit or underground operation method. Marketable 
bastnaesite concentrate is also produced by gravity and magnetic separation 
methods. Bastnaesite concentrate is then calcined and cerium is oxidised to 
a higher valence state and can be selectively separated from other rare earth 
oxides by acid leaching. This technology can be realised with low investment 
and low costs. At present, industrial bastnaesite beneficiation processes generally 
include oxidising roasting, HCl leaching and solvent extraction. H2SO4, HCl 
and HNO3 can be used as leaching reagents. The choice of these reagents 
depends on the targeted selectivity in the separation of rare earth elements, the 
type of gangue minerals in the ore and the type of reagents to be used in the 
extraction methods at later stages. Although sulphuric or nitric acid leaching or 
water leaching following curing with concentrated sulphuric acid requires high 
acid concentrations, HCl leaching can be carried out at dilute concentrations 
(Özbayoğlu and Atalay, 2000; Yörükoğlu et al., 2003; Zhang et al., 2010; Bian 
et al., 2011; Wang et al., 2013; Yıldız, 2016). Figure 3 shows the schematic 
diagram of the bastnaesite processing.

Figure 3: The Schematic Diagram of Bastnaesite Processing (Cen et al., 2021)

The history of the development of metallurgical processes of bastnaesite 
concentrates began in the late 1950s. The US Bureau of Mines has conducted a 
series of in-depth studies on bastnaesite production technology at Mountain Pass. 
Bayan Obo (China) was originally operated as an iron ore mine, the rare earth 
concentrates produced were actually tailings, and did not go into production 
until the 1960s. MoIycorp has developed another process to produce rare earth 
chloride from bastnaesite concentrates, consisting mainly of HCl baking, NaOH 
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decomposition and HCl leaching. In the 1960s, a direct chlorination process was 
developed in Germany and applied on Th. (Kruesi and Duker, 1965; Brugger 
and Greinacher, 1967; Gupta and Krishnamurthy, 2005; Cen et al., 2021). Table 
8 shows the development history of the metallurgical processes of bastnaesite 
concentrates.

After years of scientific research and production-oriented applications, 
some processes have been finally applied to the industrial production of 
bastnaesite concentrates. With the industrialisation of these technologies, the 
efficient use of rare earth resources in bastnaesite has been established and the 
world’s need for light rare earth elements has been supplied. For the moment, 
the extraction of rare earth elements from bastnasite is mainly carried out in 
China (Cen et al, 2021).
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Table 8: Development History of the Metallurgical  
Processes of Bastnaesite Concentrates (Cen et al, 2021)

Year Method Characteristic
1959 Nitric acid digestion-

solvent extraction
98% of the rare earth elements were obtained 
from raw bastnasite ore with 7-10% REO

1959 NaOH roasting-water 
leaching-flotation

NaOH roasting to convert fluoride to soluble 
alkaline fluoride, followed by water leaching, 
then separation of unconverted barite by flotation

1960 Sulphuric acid leaching Concentrates dissolved in warm concentrated 
sulphuric acid

1965 Oxidation roasting-HCl 
leaching-SX

Europium oxide and lanthanum rich products 
were extracted

1965 HCl baking-NaOH 
decomposition-HCl 
leaching

Fluorides in the solid waste were removed with 
caustic soda, followed by leaching of rare earth 
hydroxides with HCl

1960s Caustic soda 
conversion-HCl 
dissolution

Caustic soda can convert fluoride into hydroxide, 
which can then be dissolved by hydrochloric acid

1960s Oxidation roasting-
H2SO4 leaching

Preliminary separation of bastnaesite and 
monazite by oxidation roasting and H2SO4 

leaching
1966 Na2CO3 baking-H2SO4 

leaching
Clean but costly sodium carbonate tends to 
crystallise at low temperature

1967 Chlorination process Basic, low-cost, high fluorine content rare earth 
chloride products

1967 Directly preparing a 
polishing compound

Calcined with hydrogen fluoride at 760-1150 oC 
for more than fifteen minutes

1980s Sulfuric acid roasting-
water leaching

It is heated with concentrated H2SO4 to convert 
rare earth minerals into water-soluble sulphate

1980s NaOH decomposition-
HCl leaching

Clean but costly HCl pickling prior to NaOH 
decomposition

1990 Oxidation roasting-HCl 
leaching-double sulfate 
salt precipitation

Individual production of various rare earth 
element products

1990 Oxidation roasting-
H2SO4 leaching-double 
sulfate salt precipitation

High purity (>99%) cerium products were 
obtained

1990s Oxidation roasting-HCl 
leaching

Cerium was removed with NaOH by selective 
leaching of non-cerium rare earths with dilute 
hydrochloric acid

1998 Na2CO3 decomposition-
HCl leaching

Fluorine in bastnaesite can be converted to 
sodium fluoride during Na2CO3 decomposition
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3. Conclusion

Rare earth elements, one of the strategic resources, have an important role 
in the production of products requiring high technology. About 70% of rare earth 
elements are obtained from bastnaesite, one of the main rare earth minerals. 
Effective and sustainable utilisation of the rare earth resources in bastnaesite 
can only be achieved in conjunction with human progress and scientific 
development. The metallurgical processes currently applied for the processing 
of basnaesite concentrates allow the recovery of rare earth elements with high 
dissolution efficiencies and high product quality. However, these processes 
have advantages as well as disadvantages such as chemical waste disposal. 
Therefore, more scientific studies should be carried out for the recovery of rare 
earth elements and other valuable products from bastnaesite, which is a very 
important resource, and different processes should be developed to minimise 
these disadvantages.

References

Bian, X., Yin, S., Luo, Y., Wu, W. (2011). Leaching kinetics of bastnaesite 
concentrate in HCl solution. Transactions of Nonferrous Metals Society of 
China, 21, 2306-2310.

Brugger, W., Greinacher, E. (1967). A process for direct chlorination of 
rare earth ores at high temperatures on a production scale. JOM, 19, 32–35. 

Castor, S. B., Hedrick, J. B. (2006). Rare earth elements. Society for 
Mining, Metallurgy and Exploration, Littleton, Colorado, 769-792.

Cen P., Bian X., Liu Z., Gu M., Wu W., Li B. (2021). Extraction of rare 
earths from bastnaesite concentrates: A critical review and perspective for the 
future. Minerals Engineering, 171, 1-12, 

Chen, Z. (2011). Global rare earth resources and scenarios of future rare 
earth industry. Journal of Rare Earths, 29(1), 1-6.

Dandıl, S. (2019). Synthesis of ionic liquid for the separation of rare 
earth elements and investigation of the usability of improved Ionogels (PhD 
dissertation). Eskişehir Anadolu University, Graduate School of Sciences, 
Department of Chemical Engineering, Eskişehir.

Dolak, İ. (2010). Evaluation of barite and fluorite ore containing rare earth 
elements (PhD dissertation). Dicle University, Institute of Science, Department 
of Chemistry, Diyarbakır.



BASTNAESITE: ONE OF THE LEAD SOURCES OF RARE EARTH ELEMENTS     269

GEMDAT, (2022). Bastnaesite. Visit Date: 15.11.2022, https://www.
gemdat.org/gem-563.html

General Directorate of Mineral Research and Exploration (MRE). (2017). 
Rare Earth Elements in the World and Turkey. Department of Feasibility Studies, 
Mine Series: 5, Ankara.

Glass J. J., Smalley R. G. (1945). Bastnasite. American Mineralogist, 30 
(9-10), 601–615.

Guo D., Liu Y. (2019). Occurrence and geochemistry of bastnäsite in 
carbonatite-related REE deposits, Mianning–Dechang REE belt, Sichuan 
Province, SW China. Ore Geology Reviews, 107, 266-282.

Gupta C. K., Krishnamurthy N. (2005). Extractive Metallurgy of Rare 
Earths. CRC Press, Boca Raton.

Güncan, A. (2015). Extraction of rare earth elements from waste fluorescent 
lamps (Master’s thesis). Süleyman Demirel University, Graduate School of 
Applied and Natural Sciences, Department of Environmental Engineering, 
Isparta.

Kruesi, P.R., Duker, G. (1965). Production of rare earth chloride from 
bastnasite. JOM, 17, 847–849.

Kul, M. (2003). Hydrometallurgical treatment of Beylikahır rare earth 
preconcentrate (PhD thesis). The Middle East Technical University, The 
Graduate School of Natural and Applied Sciences, Ankara.

Kurşun, İ., Özdemir, O., Tombal, T. D., Terzi, M., Hacıfazlıoğlu, H. 
(2017). Investigation of dissolution of some rare earth elements (Ce, Nd, La) 
from Eskisehir (Turkey) bastnaesite complex ore by acid leaching. Çukurova 
University Journal of the Faculty of Engineering and Architecture, 32(1), 207-
214.

MINDAT, (2022). Bastnaesite. Visit Date: 15.11.2022, https://www.
mindat.org/min-563.html#themap

Özbayoğlu, G., Atalay, M. Ü. (2000). Beneficiation of bastnaesite by a 
multi-gravity seperator. Journal of Alloys and Compounds, 303-304, 520-523.

Rare Earth Elements Research Institute (REERI), (2019). Rare 
earth elements/oxides. Visit Date: 03.09.2019, http://www.naten.gov.
tr/Resources/Sites/7/assets/files/NAD%C4%B0R%20_TOPRAK%20_
ELEMENTLER%C4%B0.pdf

Scientific Library, (2022). Bastnaesite. Visit Date: 15.11.2022, http://www.
scientificlib.com/en/Geology/Minerals/Bastnaesite.html



270    INTERDISCIPLINARY ENGINEERING SCIENCES

USGS, (2019). Rare Earth Element Mines, Deposits, and Occurences. 
Visit Date: 03.09.2019, https://mrdata.usgs.gov/ree/

Wang, L., Yu Y., Huang, X., Long, Z., Cui, D. (2013). Toward greener 
comprehensive utilization of bastnaesite: Simultaneous recovery of cerium, 
fluorine, and thorium from bastnaesite leach liquor using HEH(EHP). Chemical 
Engineering Journal, 215-216, 162-167.

Xiao, Y., Huang, L., Long, Z., Feng, Z., Wang, L. (2016). Adsorption 
ability of rare earth elements on clay minerals and its practical performance. 
Journal of Rare Earth Elements, 34(5), 543-548. 

Yang, X., Werner, J., Honaker, R. Q. (2019). Leaching of rare earth 
elements from an Illinois basin coal source. Journal of Rare Earths, 37, 312-321.

Yeşilören-Görmüş N., Gürtekin G., Erdem A., Gülmez A. (2021). 
Determination of minerals containing rare earth elements (REE) in Kızılcaören 
(Sivrihisar) region using mineral liberation analysis (MLA) Method. Int. J. Pure 
Appl. Sci., 7(2), 251-264.

Yıldız, N. (2016). Rare earth elements. UCTEA Chamber of Mining 
Engineering, ISBN: 978-605-01-0912-2.

Yörükoğlu, A., Obut, A., Girgin, İ. (2003). Effect of thiourea on sulphuric 
acid leaching of bastnaesite. Hydrometallurgy, 68, 195-202.

Yuan, H., Hong, W., Zhou, Y., Pu, B., Gong, A., Xu, T., Yang, Q., Li, F., 
Qiu, L., Zhang, W., Liu, Y. (2018). Extraction and back-extraction behaviors of 
14 rare earth elements from sulfuric acid medium by TODGA. Journal of Rare 
Earths, 36, 642-647.

Zararsız, S.,Tanrıkut A. (2003). Studies on rare earth elements and thorium 
complex ore of Turkey and suggestions for the future. Atomic Energy Authority 
of Turkey.

Zhang, Z, Guo, F., Meng, S., Jia, Q., Li, H., Li, D. (2010). Simultaneous 
recovery of cerium and fluorine from bastnaesite leach liquor by mixtures of 
cyanex 923 and HEH(EHP). Industrial Engineering Chemistry Research, 49, 
6184-6188.


