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1. Introduction

Electronic textiles (e-textiles) are derived from the combination of 
textile materials with electronic evenings to serve a particular purpose. 
The elements that make up the system are designed for each product, as 
invisible as possible and cannot be easily integrated into other systems. 
They are easy to adapt to issues such as e-textiles, measurement, power 
control response. It is thought that the clothes of the future can be controlled 
by computers. In this study, the latest developments in smart textile, 
materials and their production processes are mentioned. Each technique 
shows the advantages and disadvantages and our aim is to emphasize a 
possible balance between flexibility, ergonomics, low power consumption, 
integration and ultimately autonomy. [ 1].

The common feature of textile materials is protection from external 
factors and aesthetic features. Today, smart textiles are used to bring a new 
dimension to textiles to meet the rapidly changing needs of consumers. 
With the electronic measurement and storage features of these systems, 
new wearable electronic systems emerge. In this article, the concept of 
i-textile is presented together with building blocks for its realization. 
It also describes the design and development of Smart Shirt, a smart 
garment. This t-shirt allows detection, monitoring and data processing 
devices to be combined. The article discusses the implications of product 
implementation and health service transformation. Finally, we discuss 
developments to advance this paradigm and turn passive textiles into new 
generation interactive or “smart” textiles. [2]

There are many applications of wearable electronic clothing that can 
record from sports to artistic space. In this study wearable devices that 
can read and record data and Systems are described. ensory function of 
garments It is obtained with fabric strain sensors based on teeth coated 
with polypropylene or carbon filled tires. Conductive materials are used. 
Piezo resistive systems are used in fabric. Also attached to the strain 
fabric strips to form conductive tracks at strategic points. The sensory 
system of the smart shirt produced can be divided into two parts: first, the 
textile part (where a wearable device receives biomechanical signals and a 
hardware / software location), and the other is the area where the wireless 
communication system stores the acquired data. [3]

Although many ideas have been put forward on electronic yarns and 
textiles, they are not suitable for practical use. In addition to chemical / 
mechanical strength and high electrical conductivity, important materials 
qualities; touchability, wearability, lightness and “smart” functionality. 
The aim of this study is to convert cotton ropes into smart e-textiles using 
a polyelectrolyte based coating with carbon nanotubes (CNTs). Nano pipes 
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(20 z / cm) provide efficient charging transfer over the network, making 
them promising materials for garments with high information content. 
In addition to the integrated moisture sensing, CNT - cotton yarns show 
that the main protein of blood, albumin, can be used to detect with high 
sensitivity and selectivity. Despite future challenges, the results of this 
study show that these materials can be applied as simple, sensitive, 
selective and versatile wearable bio-monitoring and medical sensors. [4].

Babies who are taken to intensive care unit after being born are 
very sensitive and vulnerable to external conditions. Designed in this 
study, Smart Jacket, body sensor and cable networks allows the user to 
continuously monitor. With the help of this coat, the clinically monitored 
baby, family and hospital will have more comfortable conditions. Here 
we describe the first version of the neonatal coat that provides ECG 
measurement with textile electrodes. It also explores a new solution for 
skin contact difficulties caused by textile electrodes. Jackets have aesthetic 
features that appeal to parents and medical personnel with new wearable 
technologies. A design process in close contact with users and experts 
leads to a balanced integration of technology, user focus and aesthetics. It 
shows prototype and experimental results obtained in clinical setting [5].

In this study, wearable devices (a smart shirt, a leotard and a glove) that 
can read and record the vital signs and movements of a person using the 
smart garment system are discussed. The detection function of garments 
is based on piezo-resistant fabric sensors based on carbon-charged tires 
(CLR) and different conductive materials. This study was carried out to 
demonstrate the feasibility of intelligent garments that can monitor vital 
signs and human posture. The results show that electroactive functions can 
be applied to the same weaving system where vital signs and movements 
are converted into readable signals and transmitted to detailing devices [ 
6].

The emergence of wearable textile systems in recent years exhibited 
the need for wireless communication tools integratable into garments. 
In literature, several planar antenna designs based on textile materials 
have been presented, however, without an adapted feeding structure for 
wearable applications. An aperture-coupled patch antenna (ACPA) meets 
this requirement since the rigid coaxial feed is replaced by a microstrip 
feed line that couples its power into the antenna through an aperture in 
the ground plane. This letter presents the first ACPA entirely made out of 
textile material. The result is a highly efficient, fully flexible, and wearable 
antenna that is integratable into garments. In order to overcome difficulties 
with feeding structures for wearable antennas, we designed the first ACPA 
entirely made out of textile material. Excellent agreement was found 
between the simulated and the experimental results, even when bending 
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the antenna or bringing it in the vicinity of the human body. Furthermore, 
the antenna provides sufficient antenna gain to be applied in a wireless 
link. The outcome of our research is an antenna that is integratable into 
wearable textile systems for body and personal area networks operating in 
the 2.45-GHz ISM band [7].

Wearable teechnology is already in our life. The latest generation of 
Apple Watch includes AFib (Atrial fibrillation) detection. Atrial fibrillation 
is a heart arrhythmia that affects about 1% of the population worldwide. It’s 
mostly detected in adults over the age of 60, and in those with high blood 
pressure and diabetes. Atrial fibrillation is the leading cause of stroke, with 
sufferers being five times more likely to have a stroke than those without 
it. The KardiaMobile and KardiaBand wearable devices incorporate the 
Apple watch’s heart rate sensor. If the sensor detects an unusual heartbeat, 
the devices alert the user to place their fingers on a small electrocardiogram 
(ECG) pad on the watch band. The devices then visually display the user’s 
heartbeat, and announce whether the heartbeat is normal or the user is 
experiencing atrial fibrillation. In the future, wearables will be used to 
collect biometric data, such as heart rate (ECG and HRV), brainwave 
(EEG), and muscle bio-signals (EMG). They will also be used to monitor 
the elderly. Being able to review data transmitted from a wearable device 
means that a patient doesn’t have to be transported to a medical facility, 
and this has the potential of saving millions of dollars a year [8].

1.1 Problem statement

Today, the development of technology and fast lifestyle have led people 
to a still life. Inactive life, which has become one of the biggest problems 
of our age, has brought many health problems with it. Especially sedentary 
life, muscle weakness, psychological factors cause posture disorders. 
Many reasons such as dealing with a computer / mobile phone, spending 
a long time at a desk, sitting in wrong positions cause posture disorder. 
Employees who spend most of the day at the desk experience neck pain, 
low back pain and back pain due to inactivity in the skeletal system and 
posture disorder. These pains cause loss of strength and muscle over time. 
Designing an auxiliary product in order to avoid these pains is the primary 
aim of the study.

With the designed posture corrector corset, it is aimed to maintain 
the correct posture of the person and to increase mobility. The user is 
warned with this corset every time the user’s posture is disturbed. With 
this warning, the user is expected to correct his/her posture. Thanks to 
these warnings to be given after every bad stop, the user will make a habit 
of standing correctly after a while. In this way, the negative effects caused 
by bad posture will be reduced. In the first part of this article, explanations 
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on correct posture will be given, wearable technology, materials to be used 
in the study and circuit system will be explained in the next sections, the 
smart corset system will be introduced in the next section and the study 
will be completed with the results section.

2. Correct posture

Posture is the positioning of each part of the body in the most 
appropriate position relative to the adjacent segment and the whole body; 
In its simplest definition, it is the correct posture of the skeletal system. 
The body obtains the correct posture by working in harmony with many 
musculoskeletal and joint structures during activities [9]. There are two 
different stances. Dynamic posture and static posture. Dynamic posture; 
walking, running, etc. that our body has done using muscle, bone and joint 
groups. It is called the moving postures that it takes during the movements. 
Static posture; It is the immobility of our body’s musculoskeletal system in 
a fixed position within a certain range of joint motion [10].

2.1 What should be the correct posture?

Correct and good posture is the position where minimum energy 
is used and the least strain on ligaments, bones and joints. The normal 
curves of the spine are preserved, do not cause pain, are not tiring and 
the appearance is aesthetic. For a good posture, there should be strong 
muscles around the spine, physical fitness, and awareness [11]. Figure 1 
shows posture disorders and correct posture.

Figure 1. Correct posture and posture disorders [12]

2.2 Effects of posture disorders on our lives

Poor posture causes physical and mental health problems. These 
health problems can become permanent in our lives. It has negative 
effects on spine health. It increases the load on the spine by changing the 
natural curvature of the spine. There is a pronounced curvature in the 
spine, a natural dimple in the neck and a natural hump in the back and 
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a natural dimple in the waist. The lateral curvature of the spine does not 
exceed 3-5 degrees. When viewed from the back, the spine is practically 
straight. After years of standing in the same position and bad standing at 
a desk, the natural curvatures of the spine disappear. Excessive tension in 
the spine causes damage to the integrity of the spine, compression of the 
discs, degeneration, stretching, lengthening or shortening of the ligaments, 
compression of the joints, spasms and weakening of the muscles around 
the spine. Thus, it causes the discs to weaken, compression and erosion of 
the spine. These changes not only cause long-term pain and discomfort, 
but the new condition also impairs the spine’s ability to absorb shock and 
maintain proper balance [13].

It causes bad posture, depression and stress. Those who habitually age 
poor posture earlier are more depressed and more anxious. People with 
good spinal health have higher levels of testosterone. This gives them a 
sense of strength and control and lowers their levels of the stress hormone 
cortisol. Correct posture is important to have positive hormones that affect 
our body positively and to perceive yourself and the world around you 
happier [13]. 

2.2.1. Digestive problems

Bad posture also affects the digestive system. Staying in unnatural 
positions for a long time adversely affects all internal organs. Improper 
sitting and standing compresses the intestines, which negatively affects 
digestion and causes gastrointestinal problems such as acid, reflux, 
flatulence and hernias. Even more surprisingly, poor posture can also 
affect metabolism, leading to weight gain and fat accumulation around the 
belly[13].

2.2.2. Increased pain

It causes poor posture, chronic spinal pain (waist, neck, back) and 
disc degeneration. This is due to increased tension in the muscles, joints, 
tendons, other soft tissues and bones around the spine. Poor posture can 
cause pain in parts of the body, including the hips, shoulders, and neck. 
May cause headache. Your body composition supports the weight of 
various body parts, but much more is placed on the tissues to support it 
in poor posture. For example, when the head is tilted forward, the load on 
the vertebrae of the spine may increase three to four times. In a bad sitting 
position, the weight of the breasts increases several times, putting extra 
strain on the back vertebrae and shoulder joints. Good posture allows your 
body to support the weight of your head and other body parts effortlessly 
[13].
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2.2.3. Cardiovascular and lung problems

Poor posture damages the digestive system as well as the lungs and 
heart. An Australian study on poor posture has shown that people sitting 
at their desks all day have a shortened life span and an increased risk of 
cardiovascular disease. Part of this increased risk is because poor posture 
also restricts blood and oxygen flow, making breathing, speaking, and 
physical exercise difficult. Every cell in the body needs oxygen to live and 
do its job, so it’s important to help oxygen circulate around the body as 
freely as possible [13].

3.Wearable electronics

Wearable technology is a general term used to describe any clothing or 
object that contains the technology you wear. The technology of the century 
we live in has a significant impact on clothing production, fashion and 
designs. Today, at the point reached in technology, important developments 
have been made in the field of wearable technologies. Wearable technology 
products have emerged with the use of information and communication 
technologies on clothes and combining technology with textiles. Since the 
2000s, smart textiles have started to gain an important place in the textile 
and ready-to-wear sectors [14].

3.1 Historical development of wearable technology

Wearable technology first appeared in 1510 with the ‘Nuremberg Egg’. 
This watch, which could be hung around the neck, was difficult to carry. In 
1600, the Abacus ring is a product used for calculations. The air conditioning 
hat, which was produced in the UK in 1800 against perspiration, has a 
pioneering feature in the field of wearable technology. The Pigeon camera 
was used for the first time in World War I by the German pharmacist Julius 
Neubronner in 1907 to see enemy lines. This product is very important 
for camera and photography technique and Drone Technology in wearable 
technology. In 1955, the Roulette shoe was designed by Professor Edward 
T. and Claude S. to satisfy the game results on the roulette table. In 1975, 
the Pulsar Calculator, a pioneer in smart watches and wristbands, was 
produced. Walkman, a portable cassette player, was produced by Sony 
in 1979. Kintaro Hattori designed the Seıko Uc 2000 Wrist PC in 1981. 
Considered the pioneer of Google Glass technology in 1989, Private Eye is 
a product consisting of a head-mounted display and battery. In 1990 and 
afterwards, Sneakerphone, which is both a shoe and a phone, has been 
distributed by Spor Illustrated as a promotion. Levis ICD jacket, which 
features mobile phone, headphones and music player, was introduced 
in the 2000s [15]. With the advancement of technology, many wearable 
products have been developed and continue to be developed, produced and 
designed until the 2000s and today, when there were significant advances 
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in wearable technology.

3.2 Wearable technology products

Wearable technologies; Wearable health technologies are divided 
into three main categories as wearable textile technologies and wearable 
consumer electronics [16]. These products can be expressed as smart 
watches, smart clothing, smart shoes, head-mounted displays, smart 
wristbands, smart jewelry, smart glasses and body worn computers. When 
wearable technology products are categorized according to the body; It 
can be examined as head, eye, arm, leg-foot, ear, body, wrist and other 
products [17,18].

3.3 Wearable technology usage areas

Wearable technology products have many uses. It is used in health, 
education, tourism, fashion, entertainment, sports, security, industry, 
military and many other sectors. In this paper, an electronic corset was 
designed so technology about corset was investigated.

3.4 Technology for posture disorders

Medical corsets help to eliminate posture disorders and reduce back 
and waist pain. These corsets provide strong and flexible support in the 
back area. Generally, it has a flexible structure [19]. There are wires and 
magnetic baleens at the supporting points. Examples are given in Figures 
2 and 3.

Figure 2. Magnetic corset with spine support [20]

Figure 3.Adjustable back corrector corset [21]
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3.5. Wearable devices for posture disorders

Today, there are wearable products developed to improve posture 
disorders and maintain correct posture. In this section, examples about 
developed wearable devices will be given.

3.5.1.Kodgem straight

It is a wearable device that stimulates with vibrations when the posture 
is disturbed. It monitors the posture throughout the day and provides 
graphical display of the data it receives thanks to its mobile application. 
It is available in exercises to improve the back and chest muscles in the 
mobile application [22]. The device is given in Figure 4.

Figure 4. Kodgem straight apparatus [23]

3.5.2. Upright go 2

Equipped with multi-sensor technology, the device detects body 
movements. It provides the opportunity to monitor the status of posture 
throughout the day, thanks to the mobile application. Thanks to the vibration 
alarm, it notifies and tracks the exercise time. The device is given in Figure 5.

Figure 5. Uprıght go 2 [24]

3.5.3. Lumo lift

It is a small plastic rectangular magnetic device designed to be worn 
just below the collarbone, and consists of a sensor. It is a small posture 
coach and activity tracker working with its mobile app. [25] The device is 
given in Figure 6.
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Figure 6. Lumo lift [25]

4. Circuit information and method used

In this section, circuit information, circuit block diagram, materials 
used in the units, flow diagram of the study are mentioned.

4.1 Circuit block diagram

The circuit block diagram of the wearable posture organizer corset 
operation is given in Figure 7. The circuit consists of three units. These 
units are; sensor unit, control unit and power unit. The sensor unit is the 
unit that gives feedback to the user according to the posture information. 
The control unit is the unit where posture information is received, evaluated 
and warned to the user according to this evaluation. Provides control 
between units. The feeding unit is the unit where the power requirement 
of the circuit is provided.

Figure 7. The circuit block diagram of the wearable posture organizer corset
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*Black line means information connections; dashed lines mean feed 
connections.

4.2 Materials used in the sensor unit

4.2.1.MPU6050 6 Axis Acceleration and Gyro Sensor- GY-521

It is a 6-axis IMU sensor board with a 3-axis gyro and a 3-axis angular 
accelerometer. (Figure 8) There is a voltage regulator on the board. It can 
be operated with a supply voltage between 3 and 5 V. Both accelerometer 
and gyro outputs give I²C outputs from separate channels. It can output 
with a resolution of 16 bits on each axis [26]. The characteristics of the 
sensor are as follows: operating voltage: 3-5V, gyro measurement range: + 
250 500 1000 2000 ° / s, angular accelerometer measurement range: ± 2 ± 
4 ± 8 ± 16 g and communication: standard I²C [26].

Figure 8. MPU6050 GY-521 Sensor [26]

4.2.2.Flex Sensör 

Flex sensor has a resistance. (Figure 9) The more the sensor is bent, 
the more resistance it has. It is a circuit element whose resistance increases 
with bending. Features are as follows: k bending life> 1 million times, 
height ≤ 0.43mm, temperature range: -35 ◦C - + 80 C, flat state resistance: 
10 kΩ, resistance tolerance: ± 30%, bending resistance range: 60 kΩ - 110 
kΩ and power values: 0.5 Watt in steady state; peak value 1Watt [24,28,29].
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Figure 9. Flex Sensör [30]
 

4.2.3. Vibration Motor

The vibrating motor vibrates with a vibration amplitude of 0.75 g and 
draws about 60 mA when applied to 3 V cables. Vibration strength varies 
with input voltage. The vibration voltage can be controlled by the PWM 
technique (Figure 10). The characteristics are as follows: recommended 
operating voltage 2.5-3.5 V, vibration amplitude 0.75g at 3 V, 3 V speed 
at 14500 rpm (12000 rpm), free at 3 V 60 mA operating current (80 mA 
max.) switching current 120 mA max at 3 V, motor resistance 29 ± 6 Ω, 
operating temperature -10 ° C to + 60 ° C and storage temperature -30 ° C 
to +70 ° C [ 31].

Figure 10. Vibration motor [32]

4.3 Materials used in the control unit

4.3.1. Microcontroller (Arduino Pro Mini) 

Arduino Pro Mini; It is an Atmega328 based microcontroller board 
(Figure 11). It has 14 digital input / output pins (6 of them can be used as 
PWM outputs), 8 analog inputs, 16Mhz crystal and reset button. According 
to bad posture, feedback to the user is made by the microcontroller through 
vibration and audible warning [33]. Features are as follows: microcontroller: 
ATmega328, operating voltage: 3.3 V or 5 V DC, recommended supply 
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voltage: maximum 12 V DC, d Digital input / output pins: 14 (6 of them 
support PWM output), analog input pins: 6 and DC current per input / 
output pin: 40 Ma [33].

Figure 11. Arduino Pro Mini [33]

4.3.2.Buzzer

It is a type of auditory warning device that works on mechanical, 
electromechanical or piezoelectric principles. [34] It can provide different 
audio signals according to the voltage supplied. It provides feedback to the 
user by making an audible warning to the user (Figure 12).

Figure 12. Buzzer [35]

4.4 Materials used in the feeding unit

4.4.1.LiPo Battery

LiPo is the abbreviation of Lithium Polymer (Figure 13) batteries. It 
is a rechargeable Lithium-Ion battery type that uses polymer electrolyte 
instead of liquid electrolyte [36]
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Figure 13. LiPo battery [37]

4.4.2.TP4056 Lipo Charger

It is a product that can charge lithium batteries with micro USB input 
via USB. BAT- and BAT + pins on the card (Figure 14) are the battery 
connection point. It can be charged by connecting to this port with a 3.7V 
battery[38].

Figure 14. TP4056 Lipo Charger [38]

4.5 Circuit Flow Chart

The steps and diagram of the data flow in the device are explained in 
this section. Circuit flow chart is given in Figure 15.

1. Start - The device is turned on.

2. Monitor User Status - The posture status of the user is being 
monitored.

3. Is the angle measured greater than the specified threshold? - Compare 
the value measured by the microdenter with the value determined. Decide 
if the user’s posture is correct.

4. Flex sensor bent? - Microcontroller checks whether the Flex sensor 
is bent or not. If it is bent, it means that the user is bent.

5. Vibration feedback active - If the user is not in the correct posture, 
the user is warned with vibration feedback.
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6. Audible warning unit is active - If the user is not in the correct 
position, the user is warned with an audible warning.

7. Turn Device Off - Device is Off.

Figure 15. Circuit flow chart

5.Results and Discussion

Circuit trials were carried out on the breadboard in the corset study that 
provides feedback according to the user’s posture. Software work has been 
done on the Arduino program. Circuit elements have been checked with 
test software before being integrated into the circuit. It has been observed 
in the experiments that each unit in the circuit works without any problems. 
The prototype circuit is shown in Figure 16. In order for the circuit whose 
electronic part is completed to perceive the posture correctly, a corset 
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that wraps the waist is preferred, and the electronic circuit elements are 
sewn to the corset and integrated. The user’s posture status is monitored. 
According to the posture disorder, the user is warned by giving feedback. 
The user corrects his posture according to this warning. According to 
these warnings, which is expected from this study, the user should make a 
habit of correct posture after a while. User visuals are given in Figures 17 
and 18. The final version of the circuit integrated into the corset is given 
in Figure 19.

Figure 16. Prototype Circuit

Figure 17. Wrong posture
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Figure 18.User is warned by vibration and sound.

 
Figure 19. Final view of the Posture Corrector Corset

6.Conclusion and Suggestions 

6.1. Conclusion

The purpose of this study is to find a solution to posture disorder, 
which is the current ailment of our age. Working remotely, which has 
become a part of our daily life, causes people to spend more time on both 
computers and tablets. As a result of researches, it has been determined 
that the posture that is disrupted as a result of long sitting harms the vital 
organs of the body and also triggers depression. The aim of this study is 
a corset design that can work as an internal stimulus. When it is detected 
that the person is not standing in the appropriate position, it is aimed to 
stimulate the person with the vibration to be given to the body. It is not 
known that people cannot walk around with this corset all the time, but 
the designed corset can be worn until the user gains a habit. In this study, 
a corset with vibration and audible feedback was designed to support and 
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maintain correct posture. A corset is preferred so that the sensors can 
perceive the posture well. The information obtained from the sensors on 
the corset is evaluated by the microcontroller and feedback is provided 
according to the user’s posture. If bad posture is detected, feedback to the 
user is made with vibration and audible warning. It has been observed in 
the experiments that all units work together.

6.2. Suggestions

By improving the electronic circuit design of the prototype obtained 
in the study, it can be ensured that the device occupies less space. The 
device is integrated into the corset so that the device can detect posture. 
The corset used over time may cause discomfort to the user. It may cause 
sweating or the user may not get positive results if the corset is worn over 
the dress. Therefore, the corset should be designed in the most ergonomic 
way. By integrating different features into the wearable posture corrector 
corset, multiple needs can be met by the same corset.
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1. INTRODUCTION

Considering today’s technology, innovations occur day by day and 
new products surpass the previous products. New generation aspiration 
and irrigation pumps are produced depending on the technological deve-
lopments. With the aspiration and irrigation pump, internal abscess, inter-
nal cyst, the gastric irrigation and the discharge of harmful fluids from the 
body are performed. Aspiration devices used today work manually. When 
the harmful fluids in the patient’s body need to be expelled from the body, 
healthcare professionals should wait next to the patient and follow the pro-
cedure continuously. A new aspiration and irrigation pump that can work 
automatically has been designed to eliminate such problems. Although the 
designed device is non-invasive, it will be used to clean the abscessed area 
that doctors reach by invasive methods. Thanks to the designed device, he-
althcare workers will be able to remove harmful liquids manually or auto-
matically by determining the process time and fluid flow rate. In the study, 
a peristaltic pump and stepper motor, inspired by a hemodialysis device, 
were used. Two solenoid valves were used to control the flow of harmful 
liquids collected from the patient and the clean solution fluid to be given 
to the patient. Also, in the designed device, fluid flow sensor and pressure 
sensor are used to control the discharge of harmful liquids from the body.

The devices used in intensive care, emergency departments, clinics 
and operating theaters to draw harmful fluids and particles from the body 
into the collection jar with suction power are called aspiration devices 
(MEGEP, 2011).  Aspiration and irrigation pumps are used in processes 
where fluid flow occurs such as cleaning the internal cyst and internal ab-
scess and removing harmful fluids from the body, as well as gastric lavage 
(Michaels, Johnson, & Thomas, 2012).  The design and usage methods of 
the aspiration devices used today have been investigated by using article 
reviews and the experience of healthcare professionals working in hospi-
tals. It is observed that  patients suffer and healthcare professionals spend a 
lot of time during the use of these devices. During the cleaning of harmful 
liquids, it was observed that the process takes quite a long time in existing 
devices and a blockage occurs in the drain tubes of the device. Due to the-
se blockages, the patient suffers and healthcare workers cannot leave the 
patient. 

As a result of the researches for the solution of this problem, a new 
aspiration and irrigation pump were designed based on the working logic 
of the hemodialysis device. One of the important differences of the desig-
ned device from the existing aspiration devices is the discharge of abscess 
fluid and the administration of clean solution to the patient’s body with a 
peristaltic pump. 
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An aspirator device has been built for the collection, storage and pro-
cessing of dangerous liquids. Such an aspirator device was especially crea-
ted since the blood and fluids of people with AIDS should not be touched. 
The device consists of a container to collect hazardous liquids and a motor 
pump to draw the liquid into the container. In addition, since the clot accu-
mulation in the pump will cause the pump to rust and the motor operating 
the pump to overheat, the pump was cleaned with washing liquid. An ad-
vanced treatment and containment system were also implemented to pre-
vent potentially hazardous liquids from circulating inside the pump. Also, 
the container in which the hazardous liquid is kept is designed in a way that 
dangerous liquids do not come into contact with healthcare workers and 
can be transported safely (Heironimus, El-Sabaaly, & Pludeman, 1997). A 
fluid aspirator was developed for patients with middle ear infections and 
the doctors treating them. It was observed that middle ear infcetion causes 
pain, discomfort and hearing loss for patients. Thanks to this device, it is 
aimed to make the treatment of middle ear infection more comfortable and 
easy. Before this device, doctors used traditional syringes to treat middle 
ear infection. Traditional syringes required the physician to operate the sy-
ringe by pulling the piston. The syringe assembly of this device is adjusted 
to allow greater control by the operator by operating the syringe assembly 
when the piston is pressed from the other side. It was also stated that the 
needles of traditional syringes are dangerous for patients. However, Hill’s 
needle was designed to retract or deform when it touches bony structures 
(Hill, 2000). An aspirator device was made to extract body fluids. Body 
fluids were drawn from the airtight area with a manually operated pump. 
Two one-way valves were placed inside the device. The first valve was 
used to remove and discharge of harmful liquids in the liquid collector. 
The second valve was used to prevent liquids from overflowing out of the 
fluid collector. Body fluids were removed mechanically (Maitz & Hauser, 
1990). An aspirator device was made to remove mucus and other excess 
body fluids by creating a vacuum with the suction tube. Two tubes were 
placed inside the device. The first tube was used to create a vacuum, and 
the second tube was used to draw fluid from the body and collect it in 
a container (Rosenblatt, 1989). A method and apparatus were developed 
for the discharge of harmful fluids in the patient’s body and to be used in 
cases where hospital staff should not touch this liquid.  Thanks to the de-
vice, body fluid was discharged by pouring from the suction box into the 
hospital sink and into the sanitary sewage system (Miller, Hollen, Hand, & 
Anderson, 2004). The device was developed to discharge blood and other 
body fluids from the patient’s body during surgery. It was seen in the rese-
arch that two tons of fluid that must be disposed each month. Such liquids 
should be considered infectious medical waste and should be discharged 
in accordance with established standards. A suction container was used 
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to dispose of these fluids. This suction container must be disposed of as 
waste after each process or must be cleaned and disinfected for reuse. This 
process was shown to increase the risk of healthcare workers being expo-
sed to hazardous wastes (Michaels et al., 2012). In the study, nasal spray 
was mounted to the air intake connector and the air evacuation connector 
in the aspiration device. The spray tube was connected to a mucus colle-
ctor. Thus, when the mucus carrying some air enters the mucus collector, 
the mucus is left behind and the air is drawn from the second aspiration 
channel by an air pump. Thanks to this device, mucus was absorbed imme-
diately after being liquefied (Wang, Chen, Chen, Fang, & Huang, 2003). 
A device is designed to remove fluid and debris from the ear canal using a 
vacuum device. Before the device was designed, it was seen that there are 
many devices to extract liquid and particles from different orifices of hu-
man and animal bodies. However, these devices were found to be harmful 
to human ears. With the device, fluids and debris are safely removed wit-
hout any damage to the ear skin or the skin of the ear canal. An ear vacuum 
device with a fan and a motor was made to do this cleaning. A collection 
tank was made to pour the liquid and other parts drawn from the ear canal.  
Fluids drawn from the ear were poured here. The device was placed in the 
ear canal and a vacuum was produced  to draw fluid and particles into the 
collection tank. The liquid drawn by the ball valve in the collection tank 
was prevented from leaking to the vacuum motor and damaging the motor 
(Spilman, 2000). With the device, it is ensured that fluids and irritants col-
lected from the body during surgical procedures are eliminated. This devi-
ce was made to minimize the environmental impact of the fluids collected 
during surgical procedures and to be disposed of properly. It was found 
that the disposable suction boxes of previous devices were difficult to set 
up, use, and dispose of liquids. It was also observed that there is a risk of 
infection for healthcare workers. For example, the boxes had to be opened 
to pour the liquids in the suction box of previous devices into the sewer, 
which posed a risk to healthcare workers. With the device, the liquid in 
the collection unit is automatically discharged into the sewer. Later, the 
collection unit was cleaned with disinfectant. After cleaning, the aspiration 
device is ready to use (Kerwin et al., 1997).  

The treatment methods of 9 patients diagnosed and treated for prostate 
abscess between 1998-2000 were examined. Medline data were compa-
red with those described in the literature. As a result of the studies, micro 
abscesses will be able to recover without surgery. It is also recommended 
that prostate abscess should be treated with broad-spectrum antibiotics 
and surgical drainage (Oliveira, Andrade, Porto, Pereira Filho, & Vinhaes, 
2003). Needle aspiration is effective and safe in the treatment of pyogenic 
liver abscess. In addition, it should be considered as the first option as 
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an alternative to the drainage method in multiple abscesses (Yu, Lo, Kan, 
& Metreweli, 1997). The optimum method of pyogenic liver abscess was 
researched and a new treatment method was presented. 169 patients with 
pyogenic liver abscess treated in India between 2001-2006 were studied. 
As a result of the examination, it was observed that the mortality rate in pa-
tients treated surgically was lower than in non-surgical treatment methods. 
Therefore, surgical drainage and antibiotics are necessary for treatment(-
Malik, Bari, Rouf, & Wani, 2010). It was studied on a patient undergoing 
hemodialysis treatment. Kidney abscess in the patient was diagnosed by 
needle aspiration accompanied by tomography. The patient was treated 
with antibiotics and aspiration(Wang et al., 2003). Differences between 
transurethral resection and needle aspiration in treating prostate abscess 
were investigated. Patients diagnosed with prostate abscess for 10 years at 
Gangnam Severance Hospital were studied. They treated 23 patients with 
transurethral resection treatment method and 18 patients with needle as-
piration. In the transurethral resection method, the treatment period of the 
patients was 10.2 days on average, while the average treatment duration 
was 23.5 days in needle aspiration (Jang, Lee, Lee, & Chung, 2012). 22 pa-
tients with liver abscess were treated with catheter drainage for 9 years. 17 
patients were treated without surgery. 4 patients were treated with surgery. 
1 patient died. As a result of the study, catheter drainage is recommended 
for the treatment of liver abscesses. Surgical treatment is needed in patients 
with liver abscess (Juul, Sztuk, Torp-Pedersen, & Burcharth, 1990). Pre-
serving the indications, 62 patients were treated by ultrasound with percu-
taneous catheter drainage. 90% success was achieved. There was no intes-
tinal perforation and bleeding in the studies (Jansen, Truong, Sparenberg, 
& Schumpelick, 1997). Pyogenic ventriculitis is a serious infection. It is 
often resistant to antibiotic therapy. Therefore, continuous intraventricular 
irrigation therapy is recommended. However, this method is a bit slow and 
increases the risk of a second infection. In addition, this method is insuffi-
cient in removing adherent purulent. A side cutting aspiration device was 
used to treat the case of pyogenic ventriculitis and ventricular empyema 
was cleared in all patients (Lang et al., 2018).  

2. MATERIAL AND METHOD 

In this section, information was given about the steps during the de-
sign of the aspiration and irrigation pump, the sensors, electronic equip-
ment and the peristaltic pump(DALMIZRAK, 2021). 

2.1. Aspiration Device and Irrigation Pump Design

The block diagram of the aspiration and irrigation pump is given in 
Figure 1. 
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Figure 1. The block diagram of the aspiration and irrigation 
pump(DALMIZRAK, 2021).

As it is seen in the block diagram in Figure-1, Touch Screen, Liquid 
Flow Sensor, Pressure Sensor, MicroController, Stepper Motor, Solenoid 
Valve, Peristaltic Pump and Peristaltic Pump tube are used in the desig-
ned device. The prototype picture of the designed aspiration and irrigation 
pump is shown in Figure 2. 
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Figure 2. Aspiration and irrigation pump(DALMIZRAK, 2021).

The peristaltic pump designed for the aspiration and irrigation device 
discharges the abscess fluid from the patient’s body by squeezing the peris-
taltic tube. When the peristaltic pump rotates backward (counterclockwi-
se), it takes the abscess fluid from the patient’s body, and when it rotates 
in the forward direction (clockwise), it gives clean solution liquid to the 
patient’s body, removing the obstructions and cleansing the patient’s abs-
cess area. If abscess fluid does not come out of the patient’s body during 
the period determined by the doctor, the device considers this as obstruc-
tion and delivers clean solution liquid to the patient’s body to remove this 
obstruction. 

Outputs are produced in line with the information received from the 
microprocessor pressure sensor and the liquid flow sensor. Microprocessor 
outputs are transmitted to the stepper motor driver and the driver controls 
the stepper motor. 

2.1.1. Stm32f407Microcontroller

In the designed device, STM32F407 microcontroller was used to read 
data from fluidity and pressure sensors, read commands from the touch 
panel, decide the rotation direction and speed of the peristaltic pump, open 
and close the solenoid valves and generate a pulse signal for the rotation 
speed of the stepper motor. In short, it is the brain of the device. The pres-
sure sensor used in the project is analog sensors, and the fluidity sensor is 
a digital sensor. ADC feature of the microcontroller was used to read data 
from the pressure sensor. The analog data produced by the sensors were 
converted into 10-bit digital data in the microcontroller. I2C communicati-
on protocol was used to read data from the fluidity sensor. The commands 
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from the touch panel were read with the USAT6 global interrupt. The serial 
communication speed (baud rate) between the microcontroller and the tou-
ch panel was set to 9600. This microcontroller decides which is open and 
which is closed out of the 2 solenoid valves used in the device. It produces  
signal 1 for the valve it wants to open and  signal 0 for the valve it wants 
to close.  Therefore, two  I / O pins of the microcontroller are used to cont-
rol these valves. This microcontroller also controls the rotation direction 
and speed of the peristaltic pump. Timer interrupter was used to generate 
the pulse signal to the stepper motor that moves the peristatic pump. The 
frequency of the timer interrupt was set to 4000Hz. The rotation speed of 
the stepper motor is adjusted by generating a pulse signal with the com-
mands in this interrupt. Figure 3 shows the microcontroller kit used for the 
device. 

Figure 3. Stm32f407 Discovery Development Kit (STMicroelectronics, 2011)

Microcontrollers, also called Central Processing Unit, are program-
mable electronic components. Microcontrollers differ according to their 
production types. Manufacturer information of the microprocessor used in 
this study is given in Table 1. 

Table 1. Microprocessor Basic Specifications (STMicroelectronics, 2011)

CPU Arm 32-bit Cortex-M4 CPU
MEMORY 1MB Flash + 192 SRAM
Crystal Frequence 4-16MHz CLK
Frequency 168MHz Freq
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2.1.2. Touch Screen  

Doctors command the designed device on the touch panel. There are 
clear solution fluid duration, abscess fluid time, Automatic / Manual, Tar-
get Flow Rate, Start / Stop, initial start options to control the designed 
device on the touch screen. In addition, the data read from the pressure and 
flow sensors are displayed on this screen. 

It is determined how many seconds the clean solution fluid will be sent 
to the patient’s body with the duration of the clean solution fluid, and how 
many seconds the dirty water will be drawn from the patient’s body with 
the duration of the abscess fluid. It is determined in which mode the device 
will work with Automatic / Manual option While the device is operating 
in automatic mode, it expels the abscess fluid from the patient during the 
set time and again sends clean water to the patient’s body.  This process is 
repeated continuously until the device is stopped. If there is no fluid flow 
out during the period determined by the doctor while discharging the abs-
cess fluid, the device perceives it as an obstruction and automatically starts 
to give clean water. With the first start option, it is determined whether the 
device starts by discharging the abscess fluid or by giving the patient clean 
water.  In manual mode, the device works continuously according to the 
selection in the first start option. For example, if the first starting option is 
the removal of abscess fluid, the device continuously discharges the abs-
cess fluid from the patient’s body until it is stopped. A step value between 
0 and 10 must be entered to determine the target flow rate. With this step 
option, the flow rate of liquids is adjusted due to the rotation speed of the 
motor. When step 0 is selected, the fluid flow rate is the least, when 10 is 
selected, the fluid flow rate is the highest. The default value of this option 
is 0. With the Start / Stop button, the device is started and stopped. The 
default value of this button is “Start” and the device is not working. After 
making the necessary settings for the operation of the device on the touch 
screen, the device starts operating when the “Start” button is pressed, and 
this button changes to “Stop”.  When the “Stop” button is pressed, the de-
vice in operation is stopped. Figure 4 shows the image of the touch screen 
used in this study. 
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Figure 4. Touch Screen(DALMIZRAK, 2021).

Touch panels are produced in different sizes and different output 
power depending on the production purpose. Manufacturer information of 
the touch screen used in this study is given in Table 2. 

Table 2. Touch Screen Specifications  (Nextion, 2011)

Touch Screen Type Capacitive
LCD Type TFT
 Rear Light LED
Screen Size 154.21 × 85.92 mm
Resolution 1024 × 600 pixel
Operating voltage 3.0 ~ 3.6 V

2.1.3. Liquid Pressure Sensor

The pressure sensor is placed at a point closest to the patient’s body 
and measures the pressure in the peristaltic tube. The motor and the speed 
of the motor were controlled according to the pressure value measured by 
the pressure sensors. The system is stopped in case of pressure increase 
due to the blockage that may occur during the discharge of the dirty liquid 
with the pressure sensors. When such a situation occurs, doctors are war-
ned with an alarm sound. The pressure sensor detects the pressure in the 
peristaltic tube and converts it to an analog signal. This analog signal is 
read with the ADC feature of the microcontroller and converted into digital 
signals. Figure 5 shows the pressure sensor used in the system. 
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Figure 5. Pressure Sensor (Atek, 2010)

Manufacturer information of the pressure sensor used in the study is 
given in Table 3. 

Table 3. Pressure Sensor Specifications (Atek, 2010)

Measuring Range 0…100mbar
Operating Current 4-20 mA
Operating voltage 0-10 V
Response Time 1 ms
Operating 
Temperature -40 …+85 

The pin structure of the pressure sensor used for this study is given in 
Table 4. 

Table 4. The pin structure of BCT 22  pressure sensor (Atek, 2010)

Pin1 Pin2 Pin3
GND VDC ANALOG OUTPUT

2.1.4. Liquid Flow Sensor 

The liquid flow sensor measures the flow rate of the liquid drawn from 
the patient in ml / min. SLF3S-1300F series liquid flow sensor produced 
by Sensirion company was used in this study. This sensor is a digital sensor 
and I2C communication protocol was used to read the data from this sen-
sor with the microcontroller. While preparing the microcontroller codes, 
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the directives in the sensor datasheet were applied and the data were read 
successfully. The liquid flow sensor used in this study is given in Figure 6. 

After the sensor receives the command to start continuous measure-
ment, it enters the continuous measurement mode and continuously makes 
measurements of 0.5 ms. Therefore, the flow rate value is updated every 
0.5 ms. Output flow rate value corresponds to the average of all indepen-
dent 0.5 ms measurements since the last reading.  This allows the user 
to read the sensor at the desired speed without losing information, thus 
it avoids overlap. The mean value is obtained as the arithmetic average 
(Sensirion, 2000). 

Figure 6. Liquid Flow Sensor (Sensirion, 2000) 

Manufacturer information of the liquid flow sensor used in this study 
is given in Table 5. The pin structure of the liquid flow sensor used for this 
study is given in Table 6. 

Table 5. Sensor Specifications (Sensirion, 2000) 

Parameters SLF3S-1300F Unit
H2O Full scale flow rate ±40 ml/dk
H2O Sensor output limit ±65 ml/dk
Accuracy ±5 % ölçülen değer
Repeatability ±0.5 % ölçülen değer 
Temperature coefficient 0.2 % ölçülen değer/°C
Mounting  precision <0.02 ml/dk

Table 6. SLF3S-1300F pin structure of liquid flow sensor (Sensirion, 2000)

Pin 1 Pin 2 Pin 3 Pin 4 Pin 5 Pin 6
NC SDA VDD GND SCL NC

2.1.5. Nema 23 Stepper Motor

Stepper motors are electromechanical devices that transform electrical 
energy into physical energy through rotational motion. It moves step by 
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step. It produces analog rotational motion output against the pulse signals 
applied to its inputs. It provides this rotational movement step by step with 
very precise control. Nema 23 stepper motor has stators, rotors and bea-
rings in its structure. Stator has eight poles. Bearings are connected to the 
rotor and this provides an easier rotation to the shaft. Energy is supplied to 
the coils from the adapter. Then, depending on what speed and how long 
the motor rotates, a pulse signal is given to the coils(Stoianovici, Patriciu, 
Petrisor, Mazilu, & Kavoussi, 2007). The Nema 23 stepper motor used in 
the study is given in Figure 7. 

Figure 7. Nema 23 Stepper Motor (Stepperonline, 2007)

Manufacturer information of the Nema 23 stepper motor used in the 
study is given in Table 7. 

Table 7. Nema 23 Stepper Motor Specifications (Stepperonline, 2007) 

Holding Torque 2.2 Nm

Current 3.0 Amper

Voltage 3.6 Volt

Flange Size 57×57 mm

Number of Cables 8 adet

In the designed device, this stepper motor is used to rotate the peripps-
taltic pump forward (clockwise) or backward (counterclockwise). With the 
forward rotation of the motor, clean water goes to the patient’s body, and 
when it rotates backward, the abscess fluid is discharged from the patient’s 
body. 

2.1.6. Motor Driver Control Circuit (CWD556)

The motor driver control circuit controls the motion of the stepper mo-
tor according to the commands from the microprocessor unit. The motor 
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driver board used for the designed device is protected against overheating, 
high current and low voltage and short circuit. The motor driver control 
circuit controls the stepper motor used for the movement of the pump. The 
motor driver control circuit is placed between the microprocessor unit and 
the motor. The current setting of the motor driver is made according to the 
type of stepper motor. The board where the driver is located is grounded 
in the metal part. Pulse, Dir and Enable signals were sent from the micro-
controller to the motor driver circuit. According to these signals, the motor 
driver card adjusts whether the motor will move or not, the direction of 
rotation and the speed. Figure 8 shows the motor driver control circuit used 
in this study. 

Figure 8. Motor Driver Control Circuit (CW-motor, 1995)

Motor drivers vary depending on the type and power of the motor to 
be used in the system. There are different drivers and different driving met-
hods for each motor. Manufacturer information of the motor driver control 
circuit used in this study is given in Table 8. 

Table 8. Motor Driver Specifications (CW-motor, 1995) 

Power 280W
Voltage 24VDC ~ 50VDC
Circuit 1.5A ~ 5.6A 
Phase 2 Phases
Short circuit protection Yes

Using the Current Table and Pulse Table on the motor driver card, the 
current drawn by the motor and the angle of each step are determined. The 
switches of the motor driver card are adjusted as given in table 9 and the 
full rotation of the motor of 3600 is completed at 800 steps. 

Table 9. Pulse Table

PULSE SW5 SW6 SW7 SW8
800 OFF ON ON ON
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2.1.7.  Peristaltic Pump

It is a mechanical unit designed to create the vacuum that realizes 
fluid flow. Computer aided design was used in the process of realizing this 
system. This designed pump rotates forward or backward together with the 
stepper motor, squeezes the peristaltic pump tube and creates a vacuum in 
the tube. Liquid flow occurs with this vacuum. Liquid flow occurs in two 
directions. While the pump rotates forward (clockwise), clean water is de-
livered to the patient’s body, while the pump rotates backward, the abscess 
fluid in the patient’s body is discharged. The pump designed for this device 
is given in Figure 9. 

Figure 9. Peristaltic Pump

2.1.8. Solenoid Valve

Two solenoid valves were used in the designed device to control the 
directions of liquid flows. These valves are named as Solution Solenoid 
Valve and Dirty Solenoid Valve in Figure-1. The Solution Solenoid Valve 
is connected to the clean water peristaltic tube, and the Dirty solenoid val-
ve is connected to the peritaltic tube from which the abscess fluid is disc-
harged. When clean water is given to the patient, the microcontroller opens 
the Solution Solenoid Valve and closes the Dirty Solenoid Valve. When 
the abscess fluid is discharged from the patient’s body, the microcontroller 
opens the Dirty Solenoid Valve and closes the Solution Solenoid Valve. 
The solenoid valve used for the designed device is given in Figure 10. 
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Figure 10. Ningbo Jointec Electronic Co., Ltd. Selenoid valve

3. Conclusion

The device has step options between 0 and 10 for speed control. Whi-
le the step providing the fastest liquid flow is 10, the step providing the 
slowest liquid flow is 0. When the step setting is 10, the peristaltic pump 
rotates 150 revolutions per minute, and it rotates 13.75 revolutions at 0. 
As a result of the tests, the maximum fluid flows that can be transported in 
each step and the number of rotates  of the peristaltic pump per minute are 
included in Table 10. 

Table 10. Revolutions Per Minute of the pump and fluid flow rates according to 
the steps(DALMIZRAK, 2021). 

Level Fluidity Revolutions Per 
Minute of the pump

0 17 ml/min 13,63
1 19 ml/min 15
2 21 ml/min 16,66
3 23 ml/min 18.75
4 26,5 ml/min 21,42
5 31 ml/min 25
6 36,5 ml/min 30
7 45 ml/min 37.5
8 58 ml/min 49.8
9 85,5 ml/min 75

10 152 ml/min 150
The microcontroller enters the timer interrupt 4000 times per second 

to rotate the stepper motor that moves the peristatic pump step by step. 
Command used to generate a pulse signal at each interrupt is counter++;

if(counter>10-level)

{HAL_GPIO_TogglePin(GPIOD,GPIO_PIN_12);

 counter=0;}
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As it is understood from this command, PortD.12 pin generates the 
pulse signal. The frequency of the generated pulse signal is determined 
according to the value of the level variable. For example, when the value 
of the level variable is 10, because this pin is reversed at each interrupt, a 
pulse signal is generated 2000 times a second from this pin. Table 11 shows 
the frequency of the pulse signal generated for each step and the calculati-
on of revolutions per minute of the peristaltic pump. The results of the tests 
and the calculated results are exactly the same.

Table 11. Calculation of revolutions per minute of the peristaltic pump according 
to the steps(DALMIZRAK, 2021)

Level
Comparison

if(counter>10-
level)

Pulse Count
pulse/sn

Revolutions Per 
Second of the pump

Revolutions Per 
Minute of the 

pump
10 counter>0 4000/1=4000/2=2000 2000/800=2.5 2.5*60=150
9 counter>1 4000/2=2000/2=1000 1000/800=1.25 1.25*60=75

8 counter>2 4000/3=1333.33/2= 
666.665 666.665/800=0.83 0.83*60=49.8

7 counter>3 4000/4=1000/2=500 500/800=0.625 0.625*60=37.5
6 counter>4 4000/5=800/2=400 400/800=0.5 0.5*60=30

5 counter>5 4000/6=666.67/2= 
333.335 333.335/800=0.42 0.42*60=25

4 counter>6 4000/7=571.429/2= 
285.714 285.714/800=0.357 0.357*60=21.42

3 counter>7 4000/8=500/2=250 250/800=0.3125 0.3125*60=18.75

2 counter>8 4000/9=444.444/2= 
222.222 222.222/800=0.277 0.277*60=16.66

1 counter>9 4000/10=400/2=200 200/800=0.25 0.25*60=15

0 counter>10 4000/11=363.636/2= 
181.818 181.818/800=0.227 0.227*60=13.63

4. Discussion

Since the aspiration devices used in today’s technology work manu-
ally, it is a waste of time for doctors and patients suffer a lot of pain. In 
this study, a new aspiration and irrigation pump was designed based on 
the working logic of the hemodialysis device. With this device, it is aimed 
to make patients suffer less during treatment and save time for healthcare 
professionals. This designed device works automatically until it is stopped 
after doctors make the initial settings. During the study, when necessary, 
the patient is given clean solution liquid to clean the abscessed area and 
harmful fluids are expelled from the patient’s body. The designed device 
is a non-invasive device, but it cleans abscessed areas that surgeons reach 
with invasive methods. It is understood that the designed device can be 
used as a result of the tests conducted in the workshop environment and 



Adem Gölcük, Muhammed Bakır Dalmizrak40 .

interviews with healthcare professionals. After obtaining the ethics com-
mittee permissions and other necessary documents, the designed device 
will be mass produced and put into service of healthcare professionals.
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Approximately 73% of the World’s boron reserves are located in 
Turkey. Among the commercially important boron minerals, the most 
common is colemanite. According to the research data of Balıkesir-Bigadiç 
Region colemanite ore, which is the subject of this study, its reserve is 
estimated 1029 million tons and its %B2O3 reserve is 360 million tons. 
colemanite; In the chemical formula of Ca2B6O11.5H2O, the concentration 
of %B2O3 is present in varying proportions of about 35-50%. The most 
common usage areas are applications such as glass, metallurgy, fertilizer, 
ceramics, detergent, fluxing, textile and nuclear.

Colemanite, tincal, ulexite, kernite, pandermite, borasite, hydroboracite 
are known as commercially important boron minerals. Boron minerals 
contain different amounts of boron oxide (B2O3) (DPT Boron Mines Report, 
2000). Colemanite has a hardness of 4-4.5, a specific gravity of 2.42, 
which can crystallize in a monoclinic system, and contains 27-50% B2O3. 
It dissolves slowly in water and rapidly in hydrochloric (HCl) acid. Among 
the clay minerals, it has the appearance of potato and tuber, colorless, white 
and glassy. In colemanite production in Turkey; after the ore is extracted 
from the quarry, it is brought to different grain sizes in crushing and 
grinding facilities and is subjected to washing and classification processes. 
It is then marketed as a raw or direct product (textile, glass industry, boric 
acid and borax production, etc.) in the country and abroad in concentrated 
form (Kayadeniz, 1979; Güç, 2010; Url-1; Url-2). 

There are many researches and articles on the use of colemanite ore in 
industry. Some of these are explored below:

Gozkaman (2008); in the study by; the beneficiation of Balıkesir 
colemanite ore by flotation was investigated and a product with a yield of 
60-70% and a grade of 45% B2O3 was obtained.

Akyol and Akgun (1990); they investigated the borate neogene 
sedimentary contents of Bigadiç, Emet, Kırka and Kestelek regions. Borate 
neogene sediments are also found in economically valuable bituminous 
shale, coal, uranium, clay and borate levels (Eren, 2013).

Erdogan et. al. (1998), different colemanite wastes were added in 1%, 
3%, 5% and 7% amounts portland cement. According to this; the flexural 
strength of the portland and colemanite mixed cement was more efficient 
than the trassy and colemanite mixed cement. 

In the study by Mazura and Levistski (2008); with the addition of 3% 
to 15% colemanite into the unglazed coating, the melting temperature of 
the glaze decreased, and the gloss and whiteness increased by more than 
6%.

In the research conducted by Şahin (2008); different proportions of 
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colemanite waste (5-45%) were added to the brick clay as raw or calcined. 
As a result, here, raw colemanite waste caused fragmentation of the brick 
structure. However, calcined colemanite waste increased the strength of the 
brick and reduced water absorption. It has been determined that calcined 
colemanite is suitable for use in brick making.

In the review made by Gençel (2009); colemanite mineral was used 
as concrete aggregate and physical and mechanical properties of concrete 
were investigated. According to this; it was determined that the mechanical 
and physical properties of the concrete to which colemanite was added 
decreased and the shielding efficiency was better.

Binici et al. (2010) in the experiments conducted by; high strength 
and durability of colemanite and barite added concretes were investigated.

Budak (2014), in the study by; the colemanite mineral obtained from 
Balıkesir-Bigadiç Eti Maden Operations was crushed, milled and screened, 
and boric acid extraction from the colemanite mineral was carried out 
using carbon dioxide in an aqueous medium. As a result of this study, 
the extraction efficiency of boric acid from colemanite mineral with CO2 
under supercritical conditions in the aquatic environment was found to be 
approximately 98% (60°C, 2 hours, +20-40 µm).

Targan et al. (2003) in the experiments conducted by; colemanite 
wastes, coal fly ash, natural pozzolan and coal bottom ash were used as 
cement/concrete additives. It was observed that the final setting time 
increased in cement mixtures using natural pozzolana.

In the study conducted by Korçak (2014); colemanite wastes were 
used instead of natural gypsum in cement production and the performance 
of cement was investigated. Cement sample was prepared by adding 
colemanite wastes varying between 3% and 10% to the cement clinker. 
According to this; when colemanite is used as an additive in cement, it 
increases the setting time and decreases the compressive strength. It has 
been determined that 5% colemanite waste added to cement can be used as 
an additive that delays setting time, such as natural gypsum.

In the study conducted by Yeşilçiçek (2016), the stabilization 
capabilities of a highly elastic clayey road subgrade, colemanite waste and 
lime additives are investigated.

Yaltay (2015) conducted experiments on the physical properties of 
lightweight concrete obtained by using colemanite additives in cement. 
He added coarse and fine-grained pumice to the concrete mix. It has 
been determined that concrete samples give better results in compressive 
strength with the addition of colemanite.
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In the study conducted by Yarar (1973); the enrichment of a low 
grade colemanite ore taken from Bigadiç region by flotation method was 
investigated. In the experiments, the colemanite sample was obtained with 
45-47% B2O3 tenor and 72-93% yield.

In the research conducted by Tok (2018); enrichment experiments 
were carried out with a multi-gravity separator, rocking table and falcon 
concentrator on the washed colemanite samples with a grade of 32%-
36% (B2O3) taken from Eti Mining Businesses/Emet facility, and the most 
efficient results were obtained with MGS. Accordingly, the concentrate 
with a B2O3 grade of 44.93% was obtained with a yield of 97.51%.

In the research conducted by Eyyüboğlu (2013); colemanite (B2O3) 
concentrator waste in amounts of 5.56%, 10.47% and 15.89% was used as 
cement additive. In addition, clinker and gypsum were added at the rates of 
1%, 3%, 5% and 10%. Accordingly, physical and chemical analyzes of the 
cement mixtures were made. As a result, it was determined that the amount 
of colemanite was not very effective.

In this study; chemical analysis, true density, thin section, SEM 
analysis and experiments were carried out to determine the preliminary 
characterization properties of the colemanite sample from Balıkesir 
(Bigadiç) region. Afterwards, the results of the analysis are interpreted by 
conducting research for enrichment. According to this; calcite minerals are 
found in the colemanite sample.

Colemanite Formations of Balıkesir/Bigadiç and Turkey 

Boron deposits in Turkey are generally formed as a result of volcanic 
activity. Balıkesir (Bigadiç and Sultançayır), Bursa (Kestelek), Kütahya 
(Emet) and Eskişehir (Kırka) boron deposits are located in playa lake 
sediments with miocene volcanism. Boron minerals, claystone, sandstone, 
conglomerate, shale, limestone, tuff and marl in alternating successions; 
it occurred in claystone, mudstone, shale and tuffs. In general, lenticular 
structures in sedimentary layers are in the form of thin bands, lateral wedges 
and alternations. In all boron deposits in Turkey; limestone precipitation 
is present in boron-containing units. The world’s highest grade and wide 
boron deposits (colemanite, tincal, ulexite) are found in Turkey. Colemanite 
(calcium borate), ulexite (sodium-calcium borate), borax (sodium borate) 
is sufficient to meet the world’s need for a long time in terms of reserve 
and grade. All of the boron reserves are located in the Western Anatolian 
Region of Turkey. Turkish boron reserves-million tons are given in Table 
1. (Helvacı, 1983; Floyd vd., 1998; Helvacı ve Orti, 1998; Helvacı ve 
Alonso, 2000)
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Table 1 Turkish boron reserves (million tons), (Helvacı, 1983; Floyd vd., 1998; 
Helvacı ve Orti, 1998; Helvacı ve Alonso, 2000)

City District-
Region

Mineral Name Mineral Type Reserve 
(million 
tons)

Reserve 
(million 
tons) (B2O3 
content)

Balıkesir Bigadiç Tülü, Acep, Simav colemanite is most 
commonly, by-
product ulexite

1029 360

Susurluk Aziziye, Tulu, Salmanlı

Sundurgu Kireçlik, Kurtpınar

Küçükler Faraş, Günevi, 
Sultançayırı, 
Beğendikler, Yeniköy

Kütahya Emet Hisarcık, Harmanköy, 
Espey, Killik

colemanite 886 310

Bursa Kestelek Kestelek colemanite 8.1 2.8

Eskişehir Kırka Kırka borax, ulexite and 
colemanite

519 130

Boron deposits in Turkey:

• Boron reserves in Turkey have 70% of those in the world.

• Boron deposits were formed in Miocene aged playa-lake 
environments in Turkey.

• All of the boron deposits are hydrothermal and volcanic activity 
deposits.

• Boron minerals; It was formed as lenticular structures in 
sedimentary rocks such as claystone, tuff, shale, mudstone and thin-
banded limestone.

• Claystone and limestone deposits are common in boron deposits.

• In boron deposits, there are coal deposits formed before boron 
precipitation.

• The depositional sequence of the boron mineral has a structure 
that starts with Ca-borates and continues in the form of Ca-sodium and 
Na-borates, respectively.

• Production is carried out in Turkey in commercially used borax 
(Na-borate), ulexite (Na-Ca borate) and colemanite (Ca-borate) deposits.
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Balıkesir (Bigadiç) boron deposits are found in different zones within 
the basin in the NE-SW trending neogene aged playa lake sediments. 
Volcano-sedimentary sequences in the region consist of basal volcanite, 
limestone, lower tuff, lower borate, upper tuff, upper borate and olivine 
basalt sections from the lower part to the upper part. Neogene sequences 
are unconformably overlying the Mesozoic and Paleozoic basement 
complexes. (Helvacı ve Alaca 1984; Helvacı, 1995; Helvacı, 1994; Helvacı 
ve Orti, 1998; Helvacı, 2003)

Boron and Colemanite Production

Colemanite mineral is generally produced in Turkey, USA, 
Argentina, Peru, Serbia and Mexico with a B2O3 grade of 50.8% (Url-3). 
It is processed into boron derivatives in the ore preparation/enrichment 
facilities established in the region where the boron mine is located in 
Turkey. Colemanite; boron is the most widely used mineral commercially. 
The B2O3 content is around 40%. The ore, which becomes a concentrated 
product in the facilities, is packaged and offered for sale after the ground 
product is obtained after crushing and grinding processes.

Colemanite formations at 400 m depth are also mined by solution 
mining method. Here, after adding hydrochloric acid (5%) to the ore bed, 
it is kept for 8 hours and the resulting solution is brought to the surface 
by pumping. Then, by adding lime, colemanite mineral containing 43% 
B2O3 grade is produced. Boric acid is also produced using the same method 
(Dokuzuncu Kalkınma Planı, 2008).

Colemanite and ulexite concentrated products are obtained in the 
boron enterprise, which was established in the Osmanca village, 12 km 
northeast of the Bigadiç district in Balıkesir (Bigadiç). Simav, Tülü, Acep 
and Kestelek quarries are operated in Bigadiç region. The ores extracted 
from the quarry are enriched in the concentrator facilities and turned into 
concentrated products, ground colemanite and refined boron products, and 
sold all over the world. Bigadiç Boron Plant carries out the milled product 
production with modern technology at all production stages.

Emet Boron Enterprise; it was established in Espey, 4 km away from 
the town of Emet, and Hisarcık, 12 km away. Colemanite production in the 
Emet region is extracted by open pit operation (Espey and Hisarcık). After 
the ore extracted from the quarry is enriched in the concentrator facilities, 
it is used as a concentrated product or as boric acid in the facility within 
the enterprise.

Kırka Boron Enterprise; It was established 70 km south of Eskişehir 
province, 4.5 km west of Kırka region. The mine, where the world's largest 
tincal reserve is located, is extracted by open pit method and the produced 
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tincal ore (concentrated) is converted into boron derivatives within the 
enterprise to produce borax pentahydrate.

Kestelek Boron Plant; It was established in Kestelek, which is 23 
km away from Mustafakemalpaşa district. Here, colemanite mineral is 
mined by open pit method. Then, colemanite ore is turned into colemanite 
concentrate in the beneficiation plant and offered for sale (Url-4).

Usage areas of boron

The main usage areas of boron minerals are; glass, ceramics, fertilizer, 
metallurgy, falxing and nuclear applications.

• Glass industry:

In the glass industry, boron minerals (colemanite) are used to increase 
the coefficient of thermal expansion, to be resistant, to reduce the melting 
point, and to prevent crystallization. Apart from the production of 
borosilicate glass, boron oxide is also preferred in the production of textile 
type and insulation type glass fiber. Areas where boron-containing glasses 
are used; it can be listed as the manufacture of special oven dishes, liquid 
crystal indicators, laboratory equipment, headlights and signal glasses of 
cars. On the other hand, boron added glasses; it is used in the electronics 
industry, aerospace industry and nuclear reactors.

• Ceramic industry:

Boron minerals (boron oxide, colemanite, borax, etc.) are used in 
the production of ceramics and enamel glazes, as they provide a stable 
structure at the melting temperature, thermal compatibility, expansion 
coefficient regulation, homogeneous melting and low segregation. By 
adding boron to the glazing content, glass formation is provided in the first 
stage of melting. Boron oxide ratios in the production of ceramic glazes are 
between 8% and 24% by weight. In the production of kitchen utensils, the 
amount of boron in leaded glazes is 10% to 24%, and in lead-free glazes 
it is approximately 8%. The ratio of B2O3 in enamel glazes is between 
8% and 32%. On the other hand, there is 10% B2O3 in acid-resistant steel 
enamels and 32% boron in powdered titanium glazes. The amount of 17% 
to 32% of the raw materials in the enamel is boron oxide, and aqueous 
borax is generally preferred. The amount of boron (colemanite) that makes 
the ceramic resistant to scratching is between 3% and 24%. In some cases, 
boron oxide or anhydrous borax is also used. (Dokuzuncu kalkınma planı, 
kimya sanayii özel ihtisas komisyonu, 2008; Url-4).

• Metallurgical industry:

In the gold refinery industry, glassy and compact slags are made by 
adding colemanite to the powdered slag in the iron and steel industry to 
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dissolve metal oxides. In ladle metallurgy, approximately 10 kg to 30 kg of 
slag occurs per tonne of steel.

• Fertilizer industry:

Since it has low solubility in the fertilizer industry, colemanite is 
preferred in fertilizers produced for sandy soils.

• Fluxing industry:

Boric acid and alkali metal borates can dissolve many metals and 
can be used as fluxes. Especially in steel making, colemanite, ulexite etc. 
products are used as flux. Colemanite mineral provides lime stabilization 
and reduces the melting time. It also ensures the elimination of sulfur and 
phosphorus from high carbon steels. It is used as coating flux in copper 
alloys. Borax is used in gold analysis and refining. On the other hand, boric 
acids are added in the production of silver-brass flux.

• Nuclear industry:

In nuclear applications, boron-containing steel materials, titanium-
boron alloys, boron carbides in atomic reactors are used. about 1 boron 
atom; it absorbs 1 neutron. For this reason, boron(B10) is preferred for 
systems that control atomic reactors, cooling pools and reactors with alarm. 
In addition, colemanite mineral is used in nuclear waste storage.

Material and Method

In this study, chemical analysis, real density analysis, thin section 
and SEM analysis experiments of the colemanite sample brought from 
Balıkesir-Bigadiç Region were carried out. The chemical analysis results 
of the boron (colemanite) sample are given in Table 2. When the results are 
examined, it is seen that the Al, Ti and Fe ratios are quite low, the CaO ratio 
is 27.75% and the B2O3 value is approximately 36%.

Table 2 Chemical analysis of the colemanite sample

Chemical Analysis Colemanite
B2O3 36,05
Na2O 0,02
MgO 0,15
Al2O3 0,05
SiO2 0.35
P2O5 <0,1
K2O 0,01
CaO 27,75
TiO2 0,01
MnO <0,1
Fe2O3 0,03
A.Za. (1050oC) 35,4



 .51Research & Reviews in Engineering

The actual density values of the colemanite sample are given in Table 3. 
Density analyzes were determined using the Accupyc 1330 Hc Pycnometer 
Device. Accordingly, it was determined that the actual density value of the 
colemanite sample was 2.44 g/cm3 and the drying temperature was 110 oC.

Table 3 Actual density values of colemanite sample

Sample name colemanite
Sample structure in rock
Drying Temperature (oC) 110,0
Mass (g) 4,58
Volume (cm3) 1,87
Actual Density (g/cm3) 2,44

SEM analysis images of the colemanite sample are given in Figure 
1. Accordingly, it is observed that colemanite and calcite mineral coexist.
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Figure 1. SEM analysis images of colemanite-calcite sample

In Figure 2, thin section 1st nicol and 2nd nicol images of the colemanite sample 
are given.

  
Figure 2 Colemanite thin section views of 1st nicol and 2nd nikol

Results and discussion

Boron minerals are generally brought to the industry by applying 
processes such as raw ore, ore preparation (crushing, screening, sizing, 
classification, grinding, etc.) after being extracted from the quarry. In this 
context, Balıkesir/Bigadiç Boron Enterprise has been exporting to many 
countries of the world by obtaining ground boron products since 1998. 
In addition, it produces high value-added products with its innovation 
and state-of-the-art sustainability vision from mining activities to the 
production stage.

Colemanite ore; it is also sold as refined products (such as boric acid, 
refined-calcined borax decahydrate, anhydrous boric acid, refined-calcined 
borax pentahydrate, calcined tincal, synthetic-calcined-refined colemanite, 
calcined ulexite) (Güyagüler, 2001; Yogurtcuoğlu, 2019). The grade of 
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the commercially important colemanite ore should be around 50%. Since 
the sample in which this study was made has a grade of 36%, enrichment 
and separation processes can be recommended. It is known from previous 
studies that the colemanite grade increases by applying methods such as 
flotation, MGS, Falcon, shaking table, which are among the ore enrichment 
methods. Apart from these methods, low grade colemanite ores are also 
used as cement additives. It is one of the commonly used methods to obtain 
H3BO3 (boric acid) by dissolving the colemanite sample in sulfuric acid 
solutions at a temperature of (80-90°C) and following methods such as 
cleaning, filtration, cooling, evaporation, crystallization of the impurities, 
washing and drying of the crystals (Kalafatlıoğlu at al. , 2000; Yoğurtcuoğlu 
and Dalgalı, 2019; Yoğurtcuoğlu 2019). It can be suggested to evaluate the 
colemanite sample examined within the scope of this study by applying the 
specified enrichment and separation methods, by increasing the concentrate 
grade or by obtaining H3BO3 (boric acid).
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1. INTRODUCTION

While considering concrete as an economic value, certain factors 
must be taken into account as it consists of a combination of physical as-
sets such as sand, gravel and cement and the scarcity and exhaustion of 
these resources, the environmental damage that occur while they are ob-
tained. According to the statistics, it is known that today over 10 billion 
tons of concrete is produced [1]. Population estimates indicate that the 
world population will increase between 1.5 and 9 billion in 44 years. Pop-
ulation growth will increase the demand for concrete, hence the need and 
consumption of raw materials. It is predicted that the amount of concrete 
demand in the world will reach up to 18 billion tons in 2050 [2]. While 
producing concrete, it is also necessary to look for cost-effective solutions 
that will increase the usefulness of concrete. Rapid increase of industri-
alization brought out certain problems and affected life to a great extent. 
Some recent researchers mentioned that this rapid increase caused cement 
industry to experience problems in maintaining the supply-demand bal-
ance to start to search for new low-cost raw materials that can be added to 
cement production in accordance with the standards. Thus, importance of 
waste materials has increased, regarding the environmental problems. Be-
sides, the concept of sustainability has gained great significance bringing 
the question to transfer resources to future generations. It should be kept 
in mind that natural resources are not infinite and, if not used carefully, 
they will one day run out [3-4]. It is of great importance to exploit and re-
cycle the wastes in order to protect natural resources and meet the resource 
needs [5]. It is stated that, thanks to recycling, besides the elimination of 
environmental pollution, there will also be a decrease in the need for stor-
age areas to be used for waste [6]. 

Turkey is very rich in terms of the total annual production of field 
crops and the amount of waste [7]. The total amount of solid waste is over 
13 tons. When analyzed, the main products with the highest share in it are 
the agricultural products wheat, barley, corn, cotton and sunflower. The 
use and utilization of agricultural wastes in concrete and mortar produc-
tion and the fact that these products can replace the materials used as raw 
materials [8-9] can be defined as a social value that forms the basis of sus-
tainability and respect for the environment [10]. Turkey is in the 14th place 
in the world with its 213 thousand 188 square kilometers agricultural fields 
and in the 40th place in terms of agricultural areas with 3 acres per person. 
Turkey’s land area is 769 thousand 632 square kilometers and only 27,7 
percent is used as agricultural area. Based on this rate, it is in the 4th place 
among the 15 countries which have the highest proportion of agricultural 
areas. However, despite the size of the agricultural production with these 
values, there are numerous agricultural wastes to be recycled in Turkey.
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Durability of concrete is defined as the strength and resistance to the 
conditions stemming from environmental factors such as physical, chemi-
cal, biological corrosions and the capacity to maintain concrete’s other ex-
isting properties [11]. Sulphates and acids, which are among the durability 
problems, are known as aggressive chemicals that affect the durability of 
concrete and mortar structures. Sulphates from the soil and groundwater 
can cause the expansion of samples to deteriorate, affecting the long-term 
durability of concrete structures. These aggressive waters cause cracking 
of concrete and mortar specimens, decomposition, expansion and dam-
age [12-13]. The durability values of the samples exposed to acid and its 
effect are related to the number of days the mortars are exposed to these 
aggressive waters. These aggressive waters disrupt the long-term mortar 
structures, create auto-stress in the reference sample with a network of mi-
cro cracks, and produce products which expand (gypsum and ettringite), 
affecting the structure in a negative way [14]. In recent years, agricultural 
wastes have been widely used in the building sector [15]. We can see the 
mortar production with different use of waste materials in the literature: 
Wang et al. [16]  used rice, straw, and coke powder as an alternative to ce-
ment; Aprianti et al. [17] used rice husk, palm oil fuel, sugar cane bagasse, 
wood waste, bamboo leaf and corn cob ashes to replace certain percentag-
es of cement in concrete; Aksogan et al. [18] used corn stalk, wheat straw, 
sunflower stalk ashes as additives in concrete production with improved 
durability properties; Modani et al. [19] produced lightweight concrete 
from sugar cane ash. In other studies, Olutoge et al., [20], Buari et al., [21] 
and Kanagalakshmi et al. [22] used peanut shell as an agricultural waste to 
replace cement and fine aggregate in concrete; Ismail et al. [23] used sugar 
cane to replace fine aggregate in concrete; Panesar et al. [24] used cork 
instead of cement. Ozturk et al., [25] used tobacco waste in the production 
of lightweight concrete.

Umoh et al. [26] used bamboo to replace a part of the cement and 
Cobreros et al. [27] produced mortar from banana waste ash as pozzolanic 
material in concrete. Furthermore, Eisa [28] used olive as an agricultural 
waste product to replace a part of the cement as an alternative material. 
Kanning et al. [29] used banana waste ash in mortar production. Benman-
sour et al. [30] used date-palm tree ash in producing mortar and Cordeiro 
et al. [31] used elephant grass in the production of mortar by reducing the 
amount of cement. With the use of these agricultural wastes, the environ-
mental damage of concrete / mortar production will be reduced, green-
house gas emissions will be minimized, the waste of natural resources 
will be reduced and worthless waste will be utilized making contribution 
to the economy. 
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Cement forms the basis of the main material group in the construction 
industry. Every ton of cement produced during the production phase caus-
es CO2 emission triggering climate change and environmental pollution 
[32-35]. In maintaining sustainable use of natural resources, exploitation 
of alternative materials to cement becomes vital. In order to minimize 
the amount of greenhouse gas emission in cement production, agricultural 
waste materials can be used as raw materials instead of natural resources. 
In this study, 40x40x160 mm sized mortar samples were produced with 
5%, 10% and 15% partial replacement of cement in the concrete by the 
agricultural wastes from sunflower stalk (A), plane leaf (C) and horsetail 
(K) ashes.

In terms of the mechanical properties of mortars produced using ag-
ricultural wastes, compressive strength, flexural strength, abrasion resist-
ance and ultrasonic sound tests were implemented. To determine the dura-
bility property, which determines the service life of buildings, they were 
kept in 10% acid, 10% sulphate and 10% salt solutions each for 90 days, 
consecutively, and at the end of this period, their compressive strengths 
were determined. Scanning electron microscopy was carried out in order 
to determine the relationships between the macro properties and micro-
structure of the samples produced with agricultural wastes added to the 
mortar instead of cement. When the results of the study are examined, it 
provides new information about the usability of these agricultural wastes, 
namely sunflower stalk (A), plane leaf (C) and horsetail (K) ashes as addi-
tives to replace part of the cement in concrete. A large part of these agri-
cultural wastes remains idle in the environment. The procurement and use 
of idle materials both provide an advantage in terms of cost and much less 
effort in their usage. These advantages of agricultural wastes are expected 
to be utilized in the cement and concrete sector, thereby reducing environ-
mental problems, protecting natural resources and making contribution to 
the economy.

2. MATERIALS AND METHODS

2.1 Materials

In this study, Portland cement and standard Rilem sand were used 
to produce mortar, replacing 5%, 10% and 15% of the cement, by mass, 
utilizing sunflower stalk (A), plane leaf (C) and horsetail grass (K) ashes.

2.1.1. Cement

CEM I 42,5 R type Portland cement obtained from Kahramanmaras 
Cement Factory (K.C.S.) was used in this research, the chemical and 
physical properties of are given in Table 1.
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Table 1: Chemical and physical properties of cement (%)

CHEMICAL PROPERTIES PHYSICAL PROPERTIES
Components by weight Cement
SiO2 20.03 specific density (g/cm3) 3.10
Al2O3 4.84 Blaine specific surface (cm2/g) 3210
Fe2O3 2.42 Start of setting (min) 155
CaO 62.45     End of setting  (min) 267
MgO 2.61
MnO -
K2O 0.80
TiO2 -
Cr2O3 -
SO3 3.55
Na2O 0.60
B2O3 -
Other 2.70

2.1.2. Sand 

Standard Rilem sand (CEN), each pack of which is 1350 g in weight, 
round grained and with at least 98% SiO2 content, was used as fine aggregate 
in the production of mortar samples in this study. The granulometry of 
CEN standard sand is given in Table 2.

Table 2. Granulometry of CEN standard sand

Square mesh 
size (mm) 2.00 1.60 1.00 0.50 0.16 0.08
Cumulative 
remaining 
(% ) 0 7±2 33±2 67±2 87±2 99±1

2.1.3. Sunflower stalk ash 

Sunflower is the most preferred agricultural product in our country in 
terms of cultivation area. It has an important share among the agricultural 
products with an annual production amount of approximately 1 964 385 
thousand tons [36]. 1.4 tons of sunflower stalks are obtained from one ton 
of sunflower agricultural products [37]. The sunflower stalks remaining 
in the planting area after the harvest, which have an important place in 
the agricultural economy, pose a problem for farmers. The burning of the 
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stalks affects the fertility of the soil in the cultivation area and harms the 
environment. Utilization of agricultural waste products will eliminate the 
harm to the field and the environment. Furthermore, it will provide addi-
tional employment for agricultural workers in the region.

2.1.4. Plane leaf ash

Plane trees are abundant in Kahramanmaras region as it is a very 
suitable species for the climate of the region. Storing thousands of tons 
of dried plane leaves poses a problem and burning them unconsciously in 
open areas also causes environmental pollution. This study will contribute 
to ecological balance by the use of plane leaf ashes in concrete production 
after being collected and burned by appropriate techniques.  

2.1.5. Horsetail grass 

Horsetail plant, found in the ground and water-borne areas, particular-
ly likes loose sandy, loamy, clay-dominated and sandy-loam soils. Horse-
tail grass is found on the water’s edge, swamps, beneath meadows and 
pastures, and also in orchards [38]. Horsetail grass was used in the pro-
duction of mortar after being properly collected and burned under control. 
Chemical and physical analyzes of agricultural wastes used in this study 
were carried out in KCS Kahramanmaras Cement AS. The chemical anal-
ysis of agricultural waste ashes is given in Table 3.

Table 3. Chemical analysis of agricultural waste ashes (%)

Components by 
weight A C K

16.65
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Total

2.2. Method 

2.2.1. Mixing ratios

In this study, samples were produced in order to examine the effects of 
agricultural waste ashes, which were substituted in different ratios instead 
of part of the cement in mortar samples. This replacement was made by 
5%, 10% and 15%, by mass, according to TS 196-1 [39]. Three prismatic 
mortar samples were produced for each mixture. In the preparation of the 
reference and agricultural waste ash added mortar samples, the w / c ratio 
(0.5) was kept constant and CEN standard sand was used. The mixing 
ratios and names of the reference and other samples with sunflower stalk 
ash (A), plane leaf ash (C) and horsetail grass ash (K) are given in Table 4.

Table 4. Amounts of material forming the mixture (kg / m3)

Mixing 
code Material Contribution 

Rates (%)
Portland 
Cement (g)

Ash Rate 
(g)

Sand Rate 
(g)

Water 
Rate (g)

Water / 
Binder ratio

R Reference - 450 - 1350 225 0.50

A5
Sunflower 
stalk ash

5 427.5 22.5 1350 225 0.50

A10 10 405 45 1350 225 0.50

A15 15 382.5 67.5 1350 225 0.50

C5
Plane leaves 
ash

5 427.5 22.5 1350 225 0.50

C10 10 405 45 1350 225 0.50

C15 15 382.5 67.5 1350 225 0.50

K5
Horsetail 
grass ash

5 427.5 22.5 1350 225 0.50

K10 10 405 45 1350 225 0.50

K15 15 382.5 67.5 1350 225 0.50

2.2.2. Test procedure

In the experimental study, 40x40x160 mm size prismatic mortar 
samples were used. All samples were cured in water saturated with lime 
at 22 ° C for 7, 28 and 90 days. Compressive strength, flexural strength, 
ultrasonic sound and capillary water absorption tests were performed 
on the mortar samples. In order to examine the durability properties of 
the mortars, their compressive strength values were analyzed after being 
exposed to salt environments of 10% HCI, 10% Na2SO4 and 10% NaCl 
each for 90 days. 
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2.2.3. Compressive strength 

The samples obtained after the determination of the flexural strength 
test as two half prisms were used to determine the 7, 28 and 90 days 
compressive strength values of the reference and agricultural waste added 
samples. Each sample was placed in the compressive test machine and the 
pressure was applied. A total of 60 samples were used to determine the 
compressive strength. The compressive strength values were determined 
in accordance with TS EN 196-1 [40] standards by keeping the loading 
speed constant at 1.5 MPa/sec in the compressive test machine with 250 
kN capacity (Figure 1). Compressive strength values found by equation (1) 
are given in Table 5.

                                                        (1)

Rc: Compressive strength (N/ mm2) 

fc: breaking load (N) 

1600: Cross sectional area (40x40) mm2

2.2.4. Flexural strength

A single point loading system was used to determine the 7, 28 and 90 
days flexural strength values. Samples prepared with 10 different mixing 
ratios in 40x40x160 mm dimensions were placed in the flexural testing 
apparatus (Figure 1) with 15 kN capacity in accordance with standard TS 
EN 196-1. The loading speed was kept constant at 0.4 kN / sec and the 
flexural strength values were calculated by applying equation (2) on a total 
of 30 samples. Flexural strength values are given in Table 5.

  (2)

Rf: Flexural strength (N/mm2) 

Ff: Force applied to break the prism (N) 

l: Prism dimensions (mm)             

b: Prism edge length (mm)  
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Figure 1. a) Compressive and flexural device of mortar samples, b) Flexural 
strength application, c) Compressive strength application

2.2.5. Ultrasound velocity measurement 

The values of the ultrasound transmission velocity were calculated 
on the mortar samples by the test known as the undamaged test, at certain 
rates at different ages. The arrival time and wave velocities of the sound 
waves transmitted by the probe tips placed at the ends of the mortar at the 
ultrasound transmission speed were calculated. It can be said that there 
is a relationship between ultrasound velocity values of mortars and their 
compressive strength and can be used in strength comparisons [40]. The 
average of the measured values for each mortar sample for ultrasound 
velocities was determined by equation 3 calculation method in accordance 
with the ASTM 579-05 [41] standard. Ultrasonic sound permeability 
values are given in Table 5.

                                                                                                                                                 (3)

V = Wave speed (meters / second), 

S = Distance between wave surfaces sent to prism samples (meters), 

t = Time of arrival of the wave (micro seconds).
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Table 5. Compressive strength, splitting tensile strength, and UPV results

Compressive strength 
(MPa)

Flexural strength 
(MPa) UPV(m/s)

7d 28d 90d 7d 28d 90d 7d 28d 90d
R 26 33 46 4.2 5.6 7.6 3750 4050 5102
A5 20 37 54 3.5 6.1 8.7 3342 4209 5507
A10 16 35 51 3.1 5.8 8.1 3105 4153 5236
A15 12 25 41 2.3 4.1 6.8 2981 3574 4403
C5 24 40 58 4 6.5 9.3 3568 4359 5709
C10 22 36 53 3.7 5.7 8.6 3417 4200 5500
C15 14 26 40 2.8 4.2 6.7 3050 3851 4355
K5 24 43 63 4.1 6.9 9.8 3571 4510 5900
K10 21 38 56 3.7 6 8.9 3402 4213 5613
K15 17 29 43 3.2 4.5 7 3126 3947 4526

2.2.6. Capillary water absorption 

The capillary water absorption test was performed in accordance with 
TS EN 1015-18 [42] standards on 28-days mortar samples produced in 
40x40x160 mm dimensions. The samples taken out of the cure pool at the 
end of 28 days were dried in the oven at ± 105 ° C for 24 hours and their 
initial weights were determined. In order to limit the water absorption 
zone of the mortar samples, the side surfaces in contact with water were 
coated with silicone. The mortar samples were placed in a pool where the 
5mm height was kept constant that would be in contact with the water 
layer. They were weighed at 0, 5, 10, 20, 30, 60, 180, 360, 1440 minutes 
and their values were determined with equation (4) and their values are 
given in Table 6.

           (4)                                                                                                                                      

Q = The amount of water absorbed by the sample (cm3),

A = area of surface in contact with water (cm2),

k = capillary water absorption coefficient (cm/s1/2),

T= time (sn).
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Table 6. Capillary water absorption values

Samples 0  min 5  min 10 min 20 min 30 min 60 min 180 min 360 min 720 min 1440 
min

R 547.3 550.87 551.03 551.13 551.18 551.33 551.78 552.16 553.31 554.63

A5 544.9 555.27 555.48 555.63 555.64 555.83 556.37 557.12 558.39 560.3

A10 536.15 545.04 545.27 545.61 545.82 546.31 548.26 550.61 554.55 561.76

A15 525.08 527.76 528.19 528.49 528.68 529.17 530.79 533.11 537.23 544.5

C5 538.81 541.05 541.3 541.48 541.55 541.83 542.64 543.92 545.81 549.67

C10 546.19 556.12 556.42 556.73 556.9 557.47 559.43 561.97 565.91 573.15

C15 526.8 530.12 530.43 530.63 530.87 531.35 532.75 534.86 538.26 544.52

K5 530.3 531.26 531.75 531.64 531.82 532.03 532.72 533.66 535.29 538.97

K10 519.9 522.06 522.46 522.58 522.72 523.25 524.57 526.18 528.7 533.5

K15 510.16 514.12 514.84 515.7 516.12 517.48 521.07 525.48 531.64 541.93

2.2.7. Exposure to acid, sulphate and salt environments

In the study, the compressive strength values of the mortar samples 
of 40x40x160 mm size produced from cement with agricultural wastes at 
5%, 10% and 15% were exposed to saline environments of 10% HCI, 10% 
Na2SO4 and 10% NaCl each for 90 days. Then, their compressive strengths 
were measured and the computed strength losses are given in Table 7.

Table 7. Residual compressive strength results at 90 days.

Sa
m

pl
es

Compressive strength (MPa)
Compressive 
strength loss 
(%) (a1)

Compressive 
strength loss 
(%) (b1)

Compressive 
strength loss 
(%) (c1)

28 days 
(water)

90 days 
(water)

90 days 
(acid)
(a)

90 days 
(sulfate) 
(b)

90 days 
(salt)
(c)

R 33 46 27.6 27.36 28.4 40.00 40.52 38.26

A5 37 54 39.13 39.07 39.95 27.54 27.65 26.02

A10 35 51 36.3 36.01 36.87 28.82 29.39 27.71

A15 25 41 28.32 28.69 29.01 30.93 30.02 29.24

C5 40 58 44.04 44.11 45.08 24.07 23.95 22.28

C10 36 53 38.12 38.4 39.11 28.08 27.55 26.21

C15 26 40 27.01 27.56 27.88 32.48 31.10 30.30

K5 43 63 50.04 50.16 51.02 20.57 20.38 19.02

K10 38 56 41.16 41.46 42.49 26.50 25.96 24.13

K15 29 43 30.07 30.19 31.12 30.07 29.79 27.63
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3. RESULTS

The results obtained from the experiments which investigates the 
strength and durability properties of the mortar samples produced by 
replacing part of the cement in concrete by sunflower stalk, plane leaf, and 
horsetail are given below.

3.1. Compressive strength of mortar samples 

The 7, 28 and 90-days compressive strengths of the samples with ag-
ricultural waste additives are given in Figure 2.

Figure 2. The effect of agricultural waste additive on compressive strength at 
different ages

The 7-day compressive strength of the mortar samples produced with 
agricultural waste in all mixing ratios was lower than the R (reference) 
sample. However, when the 28 days compressive strength values were 
examined, the highest value was for K5 sample being 43 MPa, with an 
increase of 21.21% compared to the reference sample. When the 28 days 
values of sunflower stalk ashes were examined, the highest value of the 
A5 sample was found to be higher than the reference with an increase of 
12%, while the value for A10 was higher than the reference sample with 
an increase of 6%.  However, the A15 sample had a lower value than the 
reference sample with a decrease of 24%. When the 28 days values of plane 
leaf ashes were examined, it was observed that the highest value, which 
was for C5 sample, had an increase of 21% compared to the reference 
sample, while C10 sample had a higher value with 9% increase, whereas, 
C15 sample showed a decrease of 24%. From the 28 days samples for 
the ones with horsetail grass ashes, the highest value was obtained for 
K5 sample with an increase of 30%, while K10 sample had an increase 
of 15%, whereas, the K15 sample showed a decrease of 12%. When the 
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90 days values were examined, the highest value was obtained for the 
K5 sample with long curing time, with a 37% increase compared to the 
reference sample. Among the 90 days samples with sunflower stalk ash, 
the A5 sample had the highest value with an increase of 17% compared 
to the reference sample, while A10 had an increase rate of 10%, whereas, 
A15 showed a decrease of 11%. The sample with the highest value Among 
90 days mortar samples with plane leaf ash, the sample with the highest 
value was sample C5, with an increase of 26% than the reference, while 
sample C10 had an increase of 15%, whereas, sample C15 had a decrease 
of 13%. Among the 90 days samples with horsetail ash, K5 had the highest 
value with an increase rate of 37%, while K10 showed an increase of 21%, 
whereas, K15 showed a decrease of 7% compared to the reference sample. 
When all the compressive strength values are examined, it is observed that 
the compressive strength values decrease as the ash additive ratios increase 
(Figure 3). On the other hand, the long curing times have a positive effect 
on the compressive strength values of the mortar samples produced by 
agricultural wastes (Figure 4).

Figure 3. The effect of agricultural waste ash additive ratio on compressive 
strength change at different ages



Mustafa Eken, Ela Avsaroglu70 .

Figure 4. Relation of curing time and compressive strength for samples with 
different kinds and ratios of additives.

3.2. Flexural strength of mortar samples 

The 7, 28 and 90-day flexural strengths of mortar samples with 
agricultural waste are given in Figure 5.

Figure 5. Relation of agricultural waste additive ratio and flexural strength at 
different ages

When the 7-day flexural strength values were examined, the reference 
sample had the highest value with 4.2 MPa. When the 28-day flexural 
strength values were examined, the highest value was obtained for sample 
K5 with 6.9 MPa. Among the 28-day mortar samples with sunflower stalk 
ash, while the sample with the highest strength was A5 with an increase 
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rate of 9% compared to the reference sample, A10 showed a 3.5% increase 
rate, whereas, A15 showed a decrease with a rate of 26% compared to 
the reference sample. When the 28-day values of plane leaf ashes were 
examined, it was observed that the highest value pertained to C5 with an 
increase of 16% compared to the reference sample, while C10 showed an 
increase of 5%, whereas, C15 showed a decrease of 25%. In the 28-day-
old mortar samples, the highest value was found for sample K5 with an 
increase of 23% compared to the reference sample, while K10 had a result 
increased by 7%, whereas, K15 showed a decrease of 19%. When the values 
of 90 days were examined, the highest value was obtained for sample K5 
with an increase rate of 32% compared to the reference sample. Among the 
90-day samples with sunflower stalk ash, sample A5 had the highest value 
with an increase of 16% compared to the reference sample, while the value 
for A10 was had an increase rate of 7%, whereas, A15 showed a decrease 
of 11%. The sample with the highest flexural strength among the 90-day 
mortar samples with plane leaf ash was sample C5 with an increase of 
24%, while C10 had a value increased by 14%, whereas, for C15 the value 
found had a value decreased by 13%. In 90-day samples of horsetail ash 
mixed mortar samples, the highest value was the one for sample K5 with 
an increase rate of 32%, while K10 showed an increase of 19%, whereas, 
K15 showed a decrease of 8% being lower than the reference sample. 
When the flexural strength values were examined, it was seen that the 
flexural strength values decreased as the ash contribution ratio increased 
in all mortar samples with agricultural ash additive (Figure 6). It is seen in 
Figure 7 that keeping the curing times longer provides increase in flexural 
strength values.

Figure 6. Relationship of agricultural waste ash additive ratio and flexural 
strength
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Figure 7. Flexural strength curing time relationship

Within the scope of the study, a relationship was established between 
the compressive and flexural strength values of the samples, which were 
prepared with different kinds and proportions of agricultural waste additi-
ves and the results are presented in Figure 8. When the graph is examined, 
it is seen that there is nearly a linear relationship between the compressive 
and flexural strength values.  Furthermore, this straight line passing throu-
gh the origin renders the two strength values directly proportional with 
each other.

Figure 8. Compressive and flexural strength correlation relationship
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3.4. Ultrasonic sound transmission velocity of mortar samples 

The values of ultrasonic sound transmission velocity are given in Fi-
gure 9, depending on the mixing ratios and curing times of the agricultural 
waste ashes added to replace certain proportions of the mass of the cement.

Figure 9. Ultrasonic sound transmission velocities of the samples at different 
ages

The average ultrasonic sound transmission velocities of the mortar 
samples on different days were determined. The 7, 28 and 90-day UPV 
average of the R sample was found to be 4301 m / sec. The same values 
for samples A5, A10 and A15 with sunflower stalk ash were measured as 
4353 m / sec, 4165 m / sec and 3653 m / sec, respectively. Those for C5, C10 
and C15 with plane leaf ash were measured as 4545 m / sec, 4372 m / sec 
and 3752 m / sec, respectively. The values for samples K5, K10 and K15 
mortar samples with horsetail ash were measured as 4660 m / sec, 4409 
m / sec and 3866 m / sec, respectively. Ultrasonic sound velocities provide 
information about the void structure of the mortar samples with a non-des-
tructive method. Zebari et al. [43] evaluated samples in their study with 
ultrasonic sound transmission velocity greater than 4500 m / sec as very 
good, those between 3500-4500 m / sec as good, those between 3000-3500 
m / sec as medium and samples with less than 3000 m / sec. as bad. In this 
study, the best result was measured for sample K5. The ultrasonic sound 
transmission velocities of the samples with a gapless structure were also 
high. As expected, the compressive strength of mortar samples with high 
ultrasonic sound transmission velocities was also high. The relationship 
between ultrasonic sound transmission velocities and compressive stren-
gth is given in Figure 10. The obtained coefficient of R = 0.97 appears to 
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be a satisfactory value in specifying the relationship between them. In this 
study, it was observed that the ultrasound transmission velocities increa-
sed with the increase in the curing times of mortars, and decreased with 
the increase in the ash additive ratio.

Figure 10. Ultrasonic sound transmission velocities and compressive strength 
relationship

3.5. Durability 

The compressive strength values of the mortars kept in 10% HCl 
(acid), 10% MgSO4 (sulphate) and 10% NaCl (salt) solution for 90 days in 
order to determine the durability properties of the mortar samples against 
aggressive waters are given, respectively, in Figures 11, 12 and 13.

3.5.1. Acid effect 

Figure 11. The effect of HCl acid environment on the compressive strength
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When the durability performances of the produced mortar samples 
were tested in 10% HCl acid solution for 90 days, the highest strength loss 
ratio was obtained in the R sample with a strength loss of 40%. Among 
all samples, K5 showed the highest strength after being kept in 10% HCl 
acid environment for 90 days with 50.04 MPa and 20.57% strength loss. 
When the mortar samples with sunflower stalk ash additive were exam-
ined, sample A5 showed the highest resistance against HCl acid environ-
ment with 39.13 MPa and 27.54% strength loss, while sample A10 showed 
a strength of 36.30 MPa and 28.82% strength loss, the A15 sample showed 
a strength of 28.32 MPa and 30.93% strength loss. When the performanc-
es of the plane leaf ash additive were examined, sample C5 showed the 
highest resistance against HCl acid environment with 44.04 MPa and 
24.07% strength loss, while sample C10 showed a strength of 38.12 MPa 
and 28.08% strength loss, the C15 sample showed a strength of 27.01 MPa 
and 32.48% strength loss. When the performance of horsetail ash additive 
were examined, sample K5 showed the highest resistance against HCl acid 
environment with 50.04 MPa and 20.57% strength loss, while sample K10 
showed a strength of 41.16 MPa and 26.50% strength loss, the K15 showed 
a strength of 30.07MPa and 31.56% strength loss. Considering the values 
given in Figure 11, as the agricultural waste ash additive ratio increases, 
the strength values of the mortars against HCl acid environment decrease 
and the strength loss ratios increase.

3.5.2. Sulphate effect

Figure 12. The effect of sulphate environment on the compressive strength
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When the durability performances of the mortar samples were tested 
in 10% sulphate solution for 90 days, the highest strength loss rate was 
obtained for the R sample with a value of 40.52%. Among the agricultural 
waste ash mixed mortar samples, K5 sample showed the highest strength 
in 10% sulphate environment for 90 days with 50.16 MPa and 20.38% 
strength loss. When the samples of mortar with sunflower stalk ash were 
examined, A5 sample showed the highest strength against sulphate en-
vironment with 39.07 MPa and 27.65% strength loss. While A10 sample 
showed 36.01 MPa and 29.39% strength loss, A15 sample showed 28.69 
MPa and 30.02% strength loss. When the performances of the plane leaf 
ash mixed mortar samples against the sulphate environment were exam-
ined, the highest strength was shown by the C5 sample with a resistance 
loss of 44.11 MPa and 23.95%. While C10 showed 38.4 MPa and 27.55% 
strength loss, C15 showed 27.56 MPa and 31.10% strength loss. When the 
performance of horsetail ash mixed mortar samples against the sulphate 
environment was examined, the K5 sample showed the highest strength 
with 50.16 MPa and 20.38% strength loss. K10 showed 41.46 MPa and 
25.96% strength loss, K15 showed 30.19 MPa and 31.39% strength loss. 
As the agricultural waste ash additive rate increases, the strength values 
of the mortars against the sulphate environment decrease and the strength 
loss percentage rates increase.

3.5.3. Salt effect

Figure 13 The effect of salt environment on the compressive strength

When the durability performances of the mortar samples with agri-
cultural waste additives and the R sample were kept in 10% salt solution 
for 90 days, the highest strength loss rate was observed in the R sample 
with a value of 38.26%. Among the agricultural waste ash mixed mortar 
samples, the K5 sample showed the highest strength in a 90-day 10% salt 
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environment with 51.02 MPa and 19.02% strength loss. When the samples 
of mortar with sunflower stalk and ash were examined, A5 sample showed 
the highest strength against salt environment with 39.95 MPa and 26.02% 
strength loss. A10 sample showed 36.87 MPa and 27.71% strength loss, 
while A15 sample showed 29.01 MPa and 29.24% strength loss. When the 
performances of the plane leaf ash mixed mortar samples against the salt 
environment were examined, the highest strength was shown by the C5 
sample with 45.08 MPa and 22.28% strength loss. While C10 showed a 
strength loss of 39.11 MPa and 26.21%, C15 showed a strength loss of 
27.88 MPa and 30.30%. When the performance of horsetail ash mixed 
mortar samples against the salt environment was examined, the K5 sam-
ple showed the highest strength with 51.02 MPa and a resistance loss of 
19.02%. K10 showed 42.49 MPa and 24.13% strength loss, K15 showed 
31.12 MPa and 29.27% strength loss. As the agricultural waste ash additive 
rate increases, the strength values of the mortars against the salt environ-
ment decrease and the strength loss% rates increase.

3.5.4. Capillary water absorption rate of mortar samples 

Capillary coefficients obtained depending on the amount of water 
absorbed as a result of the capillary water absorption test are shown in 
Figure 14 for the samples in this study.

Figure 14. Capillary water absorption graph

When the capillary water absorption graph was examined, the rate of 
water absorption increased in the first minutes, but showed a decreasing 
trend in all samples in later times. The reference sample had the highest 
coefficient of capillarity in the first 20 minutes. The samples with the low-
est capillarity coefficient among the samples of mortar with agricultural 
waste were the samples with numbers A5, C5 and K5. It can be said that 
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the higher the capillarity coefficient as the additive ratio of the mortar sam-
ples increases, it creates the hollow structure due to lumping in the mortar. 

3. CONCLUSIONS

Cement used in concrete production is among the most central build-
ing materials of the construction industry. A large amount of energy is 
needed during cement production and at the same time, it has an important 
share in environmental pollution with the greenhouse gas it emits. In order 
to preserve the natural balance and maintain sustainability, it is necessary 
to reduce the amount of cement production by utilizing agricultural waste 
materials. The large amount of agricultural waste in our country is the 
biggest problem of farmers. The most common waste consumption meth-
od is burning the waste. In this method, soil structure and living species 
are damaged. Therefore, it has become a necessity to evaluate agricultural 
wastes while getting rid of it.  At the same time, with the utilization of 
these wastes, additional employment will be created for the farmers in the 
region. In this study, mortars containing sunflower stalk ash, plane leaf ash 
and horsetail ash from their agricultural wastes were investigated for be-
ing used to replace cement in certain proportions in construction industry. 
The following evaluations have been based on the results.

Compressive strength of mortar samples; 

•	 When the 7, 28 and 90-day compressive strength values   of the 
mortar samples produced with agricultural wastes are examined, the high-
est values are obtained for sample K5 involving horsetail grass ashes to 
replace 5% of cement, by mass, with 21%, 30% and 37% increases at dif-
ferent ages, respectively, compared to the reference sample. 

•	 With the effect of these results, it has been determined that the 
optimum value of agricultural waste additive ratio is between 5-10%. 

•	 Long curing times, in all mortars with the tested additives, has a 
positive effect on compressive strength values. 

Flexural strength of mortar samples; 

•	 When the 7, 28 and 90-day flexural strength values   of the sam-
ples with agricultural waste additives were examined, the 7-day R sam-
ple showed a higher value than all the samples with additives. However, 
with the increase in curing time, the K5 sample with horsetail grass ashes 
showed the highest flexural strength value with an increase rate of 28% 
and 32%, respectively, in the two later ages. 

•	 As the additive rate increased, the flexural strength values   de-
creased despite the increase of curing time 
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•	 Although the curing time increased, It was concluded that flexural 
strength values   and compressive strength values   coincide when consider-
ing the results in the graphs examined. 

Ultrasound velocity of mortar samples; 

•	 In the study, it is observed that the rate of ultrasonic sound trans-
mission increases with the increase of the curing time of mortars with 
agricultural waste, and decreases in the ultrasound transmission rate de-
pending on the contribution rate with the increase in the ash additive ratio. 
When the ultrasound transmission rates on different days were examined, 
it was observed that the K5 agricultural waste-added mortar sample gave 
the best result. 

•	 As the void ratio of the ultrasonic sound transmission speed in-
creases, the sound transmission speed decreases, and it is stated that the 
amount of void ratio affects the strength values. The coefficient R = 0.97 
obtained from the relationship between ultrasonic sound velocities and 
compressive strength emerges as a satisfactory value in determining the 
relationship between them. 

Durability of mortar samples; 

•	 When the resistance of the agricultural waste ash mixed mortar 
samples against aggressive water such as acid, sulphate and salt is exam-
ined, the strength values   decrease as the ash contribution ratio increases. 
All ash added samples yielded less strength loss than the reference sample. 
The sample that gave the best result against aggressive water was the sam-
ple with K5. 

•	 It can be said that the resistance of the mortar samples with agri-
cultural waste additives against aggressive water is caused by the waste 
ash added to the mixture by making the mortar samples more imperme-
able and forming a film layer on the surface. 

•	 It is stated that the mortar samples produced with agricultural 
wastes are resistant to aggressive water by balancing the pH level. 

Capillary water absorption rate of mortar samples; 

•	 It was determined that the capillary coefficient of the R sample, 
which does not contain agricultural waste, has the highest rate in the first 
minutes. 

•	 The samples with the lowest capillarity coefficient among the sam-
ples of mortar with agricultural waste additives are the samples A5, C5 
and K5. 
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•	 As the amount of agricultural waste additives increases, the cap-
illary water absorption rate increases due to the gaps formed during the 
process.
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1. Introduction 

Grain, which takes place in plant production in Turkey’s agriculture, is 
very important due to its feature of being a basic food in human nutrition. 
In addition to its importance in nutrition, it also forms the basis of the 
country’s agricultural economy. Grain production in Turkey contributes 
more economically and socially than other agricultural products in terms 
of the livelihood of millions of agricultural producers and the raw materials 
it provides to agriculture-based industry. Besides these; Grain is the most 
consumed agricultural product group in the world. Due to this feature, it is 
also very important in terms of export (Kızılaslan 2004). Grain products 
are grown in every region in Turke in terms of climate and geographical 
characteristics.

Turkey has 23.9 million hectares of agricultural land and the most part 
of this land is composed of the grain products group with a 49% share. 
Wheat ranks first with a 67% share in the total grain production area 
(Anonim, 2017). 

As in all agricultural products, marketing is one of the most important 
factors in wheat. Wheat marketing in Turkey is carried out by TMO, 
commodity exchanges and traders. The products sold from the producer 
to TMO, commodity exchanges and traders are sold to feed factories and 
the food industry, and some of them are exported. TMO makes sales by 
keeping some of the product purchased from the manufacturer in stock. 
Thus, in cases where wheat supply is insufficient, it can meet the demand 
of the domestic market by purchasing products through imports.

Exchanges in the wheat marketing structure are the exchanges where 
agricultural products are traded. There are three types of exchanges related 
to agriculture. These exchanges are commodity exchanges, commodity 
exchanges, and futures exchanges (Rehber,2013)

Commodity exchanges are institutions where agricultural products 
are purchased and sold at prices formed according to the supply and 
demand balance, sales are registered and prices are declared to the public 
(Albayrak et al. 2010). As it is a fully competitive environment, prices are 
formed in free market conditions (Sephton, 1993). The main purpose of 
the commodity exchanges is to provide producers with an environment of 
marketing their products at satisfactory prices. Thanks to the commodity 
exchanges, full competition market conditions are actualized and they 
serve very useful purposes such as the formation of prices according to the 
supply and demand balance, providing the price stability by decreasing the 
mobility of the product prices, preventing tax frauds and assisting in the 
implementation of modern marketing management (Doğan 2010). Wheat 
marketing channels in Turkey consist usually of commodity exchanges, 
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Turkish Soil Products Office (TMO) and merchants.  

In this study, the commodity exchanges operating in the most active 
way in wheat marketing in Turkey were determined, the time series of 
the stock prices of the wheat types of Anatolian Hard Red Wheat, White 
Semi-Hard Wheat, and Anatolian Durum Wheat were examined and the 
seasonal variations in prices and the price balance among commodity 
exchanges, in the long run, was determined. 

Lumsdaine and Papell (1997) Unit Root Test and Johansen et.al. 
(2000) Cointegration Test were used to determine whether there is a long-
term relationship between wheat stock prices. 

2. Material and Method  

Wheat price series of commodity exchanges used in the study were 
obtained from Konya, Karaman, Çorum, Eskişehir, Polatlı Commodity 
Exchanges, and TMO reports. In this study, commodity exchange monthly 
sales price values of three wheat types, namely Anatolian Durum Wheat, 
Anatolian Hard Red Wheat, and Anatolian White Semi-Hard Wheat were 
used. The commodity exchanges where these wheat types are traded the 
most were determined and the prices of these exchanges were taken into 
consideration. The data consist of monthly wheat prices obtained from 
Karaman, Konya and Çorum Commodity Exchanges for Anatolian Durum 
Wheat, Konya, Eskisehir, and Polatli Commodity Exchanges for Anatolian 
Hard Red Wheat, and Konya and Eskisehir Commodity Exchanges for 
Anatolian White Semi-Hard Wheat. The study consists of monthly prices 
that cover the 11-year period starting from January 2005 to December 
2015 (inclusive) and is based on 132 observation data. The prices used in 
the study are kg/TRY units. The prices of the wheat types are inflation-
adjusted values which were disclosed by the 2003-based Producer Price 
Index set by the Turkish Statistical Institute (TUIK). Co-integration 
analyses were applied to the inflation-adjusted price series.  

The most important feature of time series is that they are non-
stationary. This nonstationary series mean value does not remain constant 
over time, the mean value changes over time. is change. In order to perform 
robust econometric analyzes on its basis, first of all, this diagnosing the 
problem and revealing a long-term relationship between the variables, if 
any. is of great importance. In this context, the wheat mentioned above in 
this study In order to determine the long-term relationship between the 
time series of the stock exchanges, the series and Papell whether there is 
a structural break with the presence of a unit root. (1997) To reveal the 
long-term relationship between Unit Root Test and Johansen et al.al.(2000) 
Cointegration Test was performed.
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2.1.Time Series and the Concept of Stationarity

Data used in econometric studies; time series data is divided into 
three as cross section data and mixed data which is the combination of 
time series data and cross section data. If the same cross-sectional unit is 
monitored over time, such mixed data is called panel data. (Gujarati 1999).

In this study, time series data is used for long-term market stability 
analysis among stock markets. A time series is a numerical sequence 
consisting of each numerical item in a given time period. The time series 
can consist of daily, monthly, weekly, annual, quarterly data. to time 
series; daily closing prices of stock indices, monthly unemployment 
figures, annual wheat yields, etc. as. (Maddala 1992).Time series are 
divided into two in terms of their deterministic and stochastic properties. 
The constant, trend and seasonality factors in the series are effective 
on the series.Cyclical fluctuations; in the form of fluctuations around 
a trend.Irregular movements; It occurs due to random or temporary 
factors that cannot be predicted when, how and to what extent(Göktaş 
2005). In econometrics, time series analyzes are generally performed to 
explain the relationship between the series. The effects of the change in 
one time series on other time series are tried to be explained with the 
help of econometric models(Göktaş 2005). It is important that the series 
are stationary in studies using time series data. In time series analysis, 
the results obtained when working with non-stationary series are not 
realistic. It causes unreal relationships between variables. Even if there 
is no significant relationship between the variables, there seems to be a 
significant relationship. Therefore, when working with time series, it is 
necessary to test the stationarity of the series first. In econometric studies, 
a probabilistic process whose mean and variance do not change over time 
and whose common variance between two periods depends only on the 
distance between two periods, not on the period in which this common 
variance is calculated, is said to be stationary. (Gujarati 1999). 

In non-stationary series, using methods such as taking logarithms, 
taking differences, filtering and de-trend ensure stationarity and at the 
same time, the series is free from seasonal effects (Işığıçok 1994). There 
is a difference between stationary and non-stationary series in time series 
There are differences. There are many tests for testing stationarity in 
time series. In this study in determining the presence of stagnation that 
includes structural breaks. Lumsdaine and Papell (1997) Unit Root test 
was performed.
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2.2. Lumsdaine and Papell (1997) Unit Root Test   

Lumsdaine and Papell (1997) developed a new unit root test on 
top of Zivot and Andrews unit root test, which takes into account two 
endogenous structural fractures and of which the fracture points are not 
known (Worthington and Higgs 2007). In the test, three models, Model 
AA, Model CC, and Model CA were developed by considering the average 
level of the series and the slope breaks (Lumsdaine and Papell 1997). 

Model AA- 2 fractures at the level only (in the change series average)  

Model CC - 2 fractures at both the level and the trend (in the change 
series average and its trend)  

The Model CA allows a fracture at both the constant (TB1) and the 
slope of the trend function (TB1), while it allows the second fracture (TB2) 
only at the constant of the trend function.  

Dummy variables for Model AA  

DU1t =   and   DT1t = 

Dummy variables for Model CC

DU2t=    and    DT21 = 

 

t = 1 is …T. DU1_t and DU2_t in the model are the dummy variables 
that show the fractures in the constant occurred on the dates TB1 and TB2, 
whereas DT1 and DT2 are the dummy variables that show the fractures 
both in the constant and in the trend occurred on the dates TB1 and TB2 
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(Tuna and Öztürk 2016). 

TB1 refers to the first fracture and TB2 refers to the second fracture. 
To determine α, which is all possible pairs of fractions, t-statistics are 
used. In the yt series, the null hypothesis, which assumes that there is no 
exogenous structural fracture and is not stationary, is tested against the 
alternative hypothesis that defends that the yt series is stationary and also 
defends the existence of structural fractures at two different unknown 
dates (Pahlavani and Harvie 2008). 

In the determination of fracture dates TB1 and TB2, the date pairs 
that make the statistic t of the α value to a minimum are selected. If the 
t-critical value is less than the t-statistical value then H0 is rejected and the 
series is said to be stationary (Narayan and Popp 2010). 

In the Lumsdaine-Papell (1997) unit root test, H0 hypothesis states 
that there is no structural fracture in the series, in other words, there is a 
unit root in the series, whereas the alternative hypothesis H1 indicates that 
the series is stable. 

H0: There is a unit root in the series, the series is not stationary.

H1: There is no unit root in the series, the series is stationary.  

2.3 Cointegration Analysis    

In econometric analyses, the existence of a long-term relationship 
between variables is called cointegration (An and Brown 2010). In case the 
series considered are not stationary at the level and become stationary when 
the first differences are considered, it is necessary to perform cointegration 
tests to investigate whether the linear compositions of these series are in 
balance (Tarı 2015). Given the fact that the linear compositions of these 
series can be stationary even if the handled series are not stationary at 
the level, it is of great importance to establish the long-term relationship 
between the series (Dritsakis 2012). 

Co-integration between the variables is possible if a variable in the 
model has a stochastic trend that affects all variables but not external, 
permanent shocks. (Dikmen, 2012). 

Johansen and Julselius (1990) have developed a cointegration test that 
takes into account the structural changes that occur in the series over time. 
In the test process, models with assumptions about structural fractures are 
defined. The test process for the two-variable model used in the study is as 
follows (Camerero et al. 2010): 
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In this study, the fracture was tested at the slope and at the level and 
Model 3 (CT) was used. In the model, β is the cointegration matrix and α 
is the weight of the cointegration vector parameters. 

In the Johansen cointegration analysis; 

H0: r = 0 no cointegration relationship 

H1: r ≥ 1 there is at least 1 cointegration relationship 

The number of cointegration relationships (long-term equilibrium 
relationships) shown here with r can be at most up to one minus (n-1) of the 
number of variables (Crowder and Hamed, 1993). Rejection or acceptance 
of hypotheses is determined by eigenvalues   and trace statistics (Pascual 
2003, Benli 2014).  

3. Research Findings and Discussion 

In this part of the study, the long term between the time series of 
the stock markets In order to determine the relationship, it is aimed to 
determine whether there is a structural break in the series.Lumsdaine and 
Papell (1997) revealed the long-term relationship with the Unit Root Test.
The results of the Johansen et al. (2000) Cointegration Test, which was 
carried out to put given. Exchange prices of wheat types used in tests on 
exchange basis presented in tables before the test results.

Lumsdaine-Papell Unit Root Test results showed that the series had a 
unit root at a 5% significance level in all-time series. In order to determine 
the cointegration between price series in the long run, the first difference 
of the series was taken and they were made stable. 

The appropriate lag length of VAR model which was established 
for the Johansen cointegration test was determined according to the test 
results. AICC, SBC/BIC, and HQ test results were used to determine the 
lag length of the VAR model for each stock market. The test results were 
significant at a 5% significance level. The most appropriate lag length for the 
VAR model for Konya Commodity Exchange and Eskişehir Commodity 
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Exchange was determined as 1 by using Akaike criteria. Since the AIC 
information criterion is 2, SBC/BIC criterion is 1 and HQ criterion is 1 in 
Polatlı Commodity Exchange, the most appropriate lag length was taken 
as 1.  

Table 1. Johansen et.al. (2000) Trace Statistics (Konya Commodity Exchange) 

The number of 
cointegration vectors 
(r)

H0 (H1) Trace statistics 5% Critical value

0 r =0 (r≥1) 79.112 35.070
1 r =1 (r≥2) 15.466 20.164
2 r =2 (r≥3)   4.877   9.142

According to Table 1, the hypothesis H0 (79.112> 35.70) is rejected and 
H1 is accepted (the presence of at least one cointegration). On the other hand, 
when r = 1 is tested, the H0 hypothesis is accepted since the trace statistic is 
less than the critical value (15.466 <20.164) and there is one cointegration 
presence. When we test two cointegration presences, since 4.877 trace 
statistics are smaller than the critical value of 9.142, H0, which represents 
two cointegration presences, is accepted. The Johansen cointegration 
results reveal that there are two cointegrating vectors between the price 
series of three wheat varieties traded in Konya Commodity Exchange and 
that there is a long-term relationship between the variables.  

Konya Commodity Exchange Long-Term Equation=26.911*AKSPt-1 
+6.376*ADPt-1 -34.969* ABYSPt-1 +0.276

Normalized equation; 

AKSP t-1 = -0.237 * ADBp t-1 +1.299 * ABYSP t-1 -0.10 

                        (4.695)                 (17.176)        (0.287)  

There is a statistically significant and negative long term relationship 
between Anatolian Hard Red Wheat prices and Anatolian Durum Wheat 
Prices. An increase of TRY 1 in the price of Anatolian Durum Wheat 
causes a decrease of approximately TRY 0.24 in the price of Anatolian Red 
Hard Wheat in the long run. A positive relationship is observed between 
Anatolian White Semi-Hard Wheat prices and Anatolian Hard Red Wheat 
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prices. An increase of TRY 1 in the price of Anatolian White Semi-Hard 
Wheat causes an increase of approximately TRY 1.3 in Anatolian Red Hard 
Wheat price. In this context, there is a high sensitivity between the prices 
of these two products. An increase of TRY 1 in one of them increases the 
price of the other by one and a half times in the long run.    

Table 2. Johansen et al (2000) Trace Statistics (Eskisehir Commodity Exchange) 

The number of 
cointegration vectors 
(r) 

H0 (H1) Trace statistics 5% Critical value

0 r =0 (r≥1) 19.915 20.164
1 r =1 (r≥2)   5.872   9.142

The analysis of the Johansen cointegration results above reveals 
that the trace statistics are less than the critical value. In this case, 
since 5.872<9.142, the hypothesis H0, which supports the existence of 1 
cointegration vector, is accepted. Therefore, since there is 1 co-integrating 
vector between the Anatolian Hard Red Wheat and Anatolian White Semi-
Hard Wheat price series traded on the Eskişehir Commodity Exchange, 
it is possible to indicate that there is a long-term relationship between the 
variables.   

Eskişehir Commodity Exchange Long-Term Equation = 20.492 
xAKSPt-1 -19.439 ABYSPt-1 -1.670 

Normalized Equation; 

AKSPt-1 = 0.949ABYSPt-1 +0.081

                     (6.698)      (0.724)

There is a positive relationship between Anatolian Hard Red Wheat 
prices and Anatolian White Semi-Hard Wheat prices and a significant 
relationship was found between them according to the t statistic values. 
An increase of TRY 1 in Anatolian White Semi-Hard Wheat price will 
increase the price of Anatolian Hard Red wheat by TRY 0.95.    



Burcu ERDAL, Hasan VURAL94 .

Table 3. Johansen et.al. (2000) Trace Statistics (Polatlı Commodity Exchnage) 

The number of 
cointegration vectors (r)

H0 (H1) Trace statistics 5% Critical value 

0 r =0 (r≥1) 46.486 20.164
1 r =1 (r≥2)   6.036   9.142

According to the results of the cointegration test, since 46.486>20.164, 
H0 is rejected and H1 alternative hypothesis, which asserts that there is 
at least one cointegration, is accepted. However, since 6.036<9.142, the 
H0 hypothesis is accepted and cointegration between variables and the 
existence of a long-term relationship are indicated.  

Polatlı Commodity Exchange Long-Term Equation=17.204 * AKSPt-1 
-17.346 * ABYSPt-1 -1.465 

Normalized Equation;

AKSPt-1 = 1.008 * ABYSPt-1 +0.085

       (11.917)          (1.212)

There is a positive relationship between the prices of Anatolian 
Hard Red Wheat prices and Anatolian White Semi-Hard Wheat prices. 
The t statistic values   indicate the existence of a significant relationship. 
An increase of TRY 1 in Anatolian White Semi-Hard Wheat price will 
increase the price of Anatolian Hard Red Wheat by TRY 1.01.  

4. Conclusion 

Agricultural activities are affected by risks and uncertainties more 
than other sector activities due to their unique characteristics and 
dependence on natural conditions. There is often a supply and demand 
mismatch in the agricultural sector.

For these reasons, the agricultural sector is the most supported sector. 
Most of the supports One of its most important goals is to ensure stability 
in the market and consistency in prices. is coming. However, such support 
is often not enough. Providing the opportunity to sell agricultural products 
in a free competitive market environment, and Commodity exchanges 
operating in order to ensure stability in the market are importance for 
agricultural sector. The importance of commodity exchanges in the 
marketing of agricultural products is quite large. ommodity exchanges, 
which have the characteristics of an organized market, are where supply 
and demand are intense determination of the real value of the products in 
agricultural product markets and enables it to be bought and sold. Realize 
the farmer’s product through commodity exchanges. It helps to reduce the 
state’s support and financial burden, as it has the opportunity to sell at a 
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higher value.it helps. For this reason, full and effective use of commodity 
exchanges in our country It is also of great importance in terms of our 
agricultural policies.

In this study, Lumsdaine and Papell (1997) Unit Root Test and 
Johansen et.al. (2000) Cointegration Test were used to determine whether 
there is a long-term relationship between wheat stock prices. 

An increase of TRY 1 in the price of Anatolian Durum Wheat, 
which is traded in Konya Commodity Exchange, causes a decrease of 
approximately TRY 0.24 in the price of Anatolian Hard Red Wheat in 
the long run. A positive relationship is observed between the prices of 
Anatolian White Semi-Hard Wheat and the prices of Anatolian Hard 
Red Wheat. An increase of TRY 1 in the price of Anatolian White Semi-
Hard Wheat causes an increase of approximately TRY 1.3 in the price 
of Anatolian Hard Red Wheat. In this context, there is a high sensitivity 
between the prices of these two products. An increase of TRY 1 in one of 
the products causes a one and a half-fold increase in the price of the other 
in the long run. 

There is a co-integrating vector between the Anatolian Hard Red and 
Anatolian White Semi-Hard Wheat price series traded on the Eskişehir 
Commodity Exchange. There is a positive relationship between Anatolian 
Hard Red Wheat prices and Anatolian White Semi-Hard Wheat Prices 
and a significant relationship is found according to the t statistic values. 
An increase of TRY 1 in Anatolian White Semi-Hard Wheat price will 
increase the price of Anatolian Hard Red wheat by TRY 0.95.  

The presence of a co-integrating vector was determined between the 
price series of Anatolian Hard Red Wheat and Anatolian White Semi-Hard 
Wheat traded on the Polatlı Commodity Exchange. There is a positive 
relationship between Anatolian Hard Red Wheat prices and Anatolian 
White Semi-Hard Wheat Prices. The t statistics value indicate the 
existence of a significant relationship. An increase of TRY 1 in Anatolian 
White Semi-Hard Wheat price will increase the price of Anatolian Hard 
Red Wheat by TRY 1.01.

At least one co-integrating vector is present in the stock price series. 
Thus, a long-term relationship is observed between wheat varieties price 
series on a stock exchange basis. This case reveals that there is a strong 
price interaction in the commodity exchanges examined. Price formations 
of different wheat varieties traded on the same stock exchange are occurred 
by affecting each other. This is important for predicting wheat prices in 
advance. 

Bu çalışma doktora tezinden üretilmiştir.
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I. Introduction

Horn antenna designs are one of the commonly used antenna models 
that being used by researchers for applications that requires wide operation 
band and high gain characteristics [1-3]. Although these designs are 
preferred for many applications, due to their disadvantage of being large in 
size their applications become limited in certain areas, or requires methods 
for size reduction or minimization techniques. Although there are many 
different techniques for size reduction of horn antennas such as dielectric 
loading of horn aperture usage of meta-materials etc. [4-7], each of the 
mentioned methods has their own disadvantages such as increasing the 
overall weight of the antenna which become another limiting aspect for 
certain applications such as avionic systems, or increased manufacturing 
cost and complexity of the design. A viable solution for size reduction and 
low cost manufacturing of horn antennas is to feed the antenna aperture 
structure using a Microstrip antenna design instead of traditional and long 
length waveguide structure. Microstrip antenna designs are preferred by 
many researchers due to their unique advantages of being small in size, 
compact, low cost, and easy to manipulate the polarization and operation 
frequency [8-12].

Another method for design and realization of low cost antenna models 
is the 3D printing technology. Thanks to the recent advances in field of 
3D printing technology, these devices are now affordable compared to 
their early times and can be used in many different applications such 
as education, medicine, art, jewellery and engineering [13-17]. The 
applications of 3D printing technology in field of microwave engineering 
had gain the interest of many researches due to the abilities of being 
fast and low cost prototyping of antenna designs that usually are high 
cost and requires high end manufacturing stations such as CNC which 
sometimes might become even infeasible for certain type of designs [18]. 
Some examples for the applications of 3D printing technology in field of 
microwave engineering can be named as fabrication of transmission lines 
[19], filters [20], absorbers [21], microwave antenna designs [22-30], and 
other types of RF components [31-34].

In this work design a realization of a low cost and small size horn 
antenna with high performance measures is taken under the study. For size 
reduction of antenna stage instead of traditional waveguide port feed a 
Microstrip patch antenna has been used. The horn antenna is prototyped 
via the use of 3D printing technology and being coated with metal. In the 
next section the design procedure of the proposed Horn Antenna with PCB 
Microstrip Feed alongside of its simulated results are presented. In Section 
III, the experimental results of the 3D printed antenna had been presented. 
And finally work ends with a brief conclusion in section IV.
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II. Design of Horn Antenna with PCB Microstrip Feed

In this section, the design procedure of the proposed Horn Antenna 
with Microstrip Feed (HAMF) is presented. In Fig. 1 the schematic of the 
proposed antenna design is presented. The patch antenna given in Fig. 1 
will be used as feed for the horn antenna. The patch antenna design is 
consist of a dipole radiator in top layer and a defected ground structure in 
for better adjustment of resonance frequency. The horn antenna is taken as 
a traditional pyramid horn design for study. The selected material for patch 
antenna design is modelled on a FR4 substrate with height of 1.56 [mm] 
and relative dielectric permittivity of 4.6.

The aim of the work is to present a horn antenna with Microstrip feed 
for X band applications, for this mean the design parameters of the antenna 
are determined by using EM-simulation driven optimization process. The 
cost function given in Eqs. 1-3 have been used for optimization process.

* =arg min ( )H
x

x x                                                                (1)

where the objective function is defined as 

{ }1 2 1 11 2( ) max [ , ] : | ( , ) | | ( , ) |c cH f f f C S f C D f= ∈ +x x x                                (2)

The cost function defined in Eqs. (1), (2) is a minimax task oriented 
towards minimizing the antenna designs reflection characteristics (S11) and 
directivity (D) for the given operating frequencies of fc1 to fc2. C1 and C2 
are constant weighting coefficients for the design optimization where for 
this work is taken as unity. The optimally design parameters of the design 
is obtained after 100 function evaluation using Trust Region optimization 
algorithm are presented in Table I.
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Figure 1. Schematic view of the Horn Antenna and Microstrip patch feed.
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Table I. Optimally selected design parameters [mm].

L1 22.6 W1 2.8
L2 47.7 W2 37.7
L3 27.1 W3 1.4
L4 14.2 W4 11
L5 64.2 W5 12.4
H 1.56 W6 15.7
W7 70.3 gap 0.45

In the following figures the 3D EM simulated results of the optimally 
designed HAMF (Fig. 2 (a)) is presented alongside of its polar radiation 
characteristic for different operation frequencies. Furthermore the simulated 
surface current distribution of the HAMF is given in Fig. 3 for each of the 
designs and combined HAMF model at 12 GHz. In Table II the simulated 
results of maximum gain, S11, side lobe level, and 3 dB beam width of 
HAMF for different operation frequencies are presented.
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Figure 2. (a) 3D view of HAMF, (b) simulated polar radiation of HAMF for 

different operation frequencies. 
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(a)                  (b)

(c)
Figure 3. Simulated surface current distribution of the (a) Microstrip patch, (b) 

pyramidal horn, (c) HAMF, at 12 GHz.

Table II. Simulated performance results of HAMF at ( ) ( )0 0, 0 ,0φ θ =

Frequency GHz Maximum Gain 
[dBi]

3dB Beam 
width 
[degree]

Side lobe 
Level [dB]

S11

[dB]

10 15.4 26.3 -12.2 <-15
11 16.4 22.5 -10.9 <-15
12 16.6 22.3 -10.9 <-15
13 16.9 20.1 -10.9 <-15
14 16.7 18.7 -9.9 <-15

III. Experimental results

In this section the experimental results of the HAMF design is taken 
under study. Firstly by using 3D printing technology the horn antenna 
design had been printed using PLA material and coated with copper tape. 
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The Microstrip feed antenna and measurement setup of HAMF design 
are presented in Fig. 4. The HAMF design is achieved by placing the 
feed Microstrip patch antenna into the 3D printed horn antenna port. The 
measurements of the 3D printed SMPA are carried out utilizing R&S®ZVL 
vector network analyzer a Network Analyzer with a measurement range of 
9 kHz-13.5 GHz, alongside two identical antennas, A-info, LB8180, 0.8-
18 GHz Broadband Horn Antenna [35-36].

 
(a)                                           (b)

(c)                                              (d)

Figure 4. (a) 3D view of HAMF, (b) simulated polar radiation of 
HAMF for different operation frequencies. 

In Fig. 5 the measured and simulated performance of the HAMF 
design is presented. As it can be seen, the proposed design achieves an 
ultra-wide band operation frequency (10-14 GHz, bandwidth > %30) and 
peak realized gain value of 16.3 dBi. As it can be seen both simulated 
and measured characteristics are in agreement. A furthered performance 
comparison of simulated and measured characteristics are presented in 
Table III. 
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Figure 5. Simulated ad Measured (a) scattering parameter, (b) maximum gain 

over frequency, radiation pattern at (c) 10 GHz, (d) 12 GHz, (e) 14 GHz. 

Table III. Measured performance characteristics of antenna (dB)

f [GHz] Simulated Measured
Gain [dBi] S11 [dB]

10 15.4 14.1 <-15
11 16.4 14.9 <-20
12 16.6 15.2 <-20
13 16.9 15.1 <10
14 16.7 15.3 <-10

IV. Conclusion

Due to their wide operation band and high gain characteristics, Horn 
antenna designs are being favoured by many designers. In this work, in 
order to reduce the size of these favoured antenna designs, which is one of 
the most commonly faced disadvantage of these antennas, a viable solution 
for both size reduction and low cost manufacturing of horn antennas is 
studied. This problem can be achieved by instead of traditional and long 
length waveguide structures, by placing a microstrip antenna design as 
feed of the horn structure. Another aspect for low cost manufacturing 
technique considered in this work is the usage of 3D printing technology. 
The simulated and measured performance of the HAMF is compared and 
found to be in agreement. As it can be seen form the results, HAMF design 
achieves an ultra-wide band operation of 10-14 GHz (bandwidth > %30) 
and maximum measured gain value of 16.3 dBi.
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1. Introduction

Material appears in every field such as construction industry, medicine, 
industry, automotive, technology, various fields of research, infrastructure 
and engineering in the world that surrounds us in our daily life [1–4]. 
Especially the energy materials can take more places in the heavy-industrial 
technology, advanced medicine and engineering sectors, innovative 
energy infrastructure, and large-scale applications as regards the magnetic 
energy storage, power transmission, refrigeration, materials engineering, 
sensitive process control, spintronics, advanced automotive sectors, power 
transmission, future fault current limiter technology, magnetic resonance 
imaging, medical diagnosis, metallurgical, electric power cable, electro-
optic, future hydrogen society, motors, particle accelerators, levitated 
trains, power transmission cable, magnetic separation, global electric 
power network, nuclear magnetic resonance and renewable energy sectors 
[5–10]. This is because, with the rapid improvement in the technology, 
willingness of people to keep up with technology and considerable 
increment in the growth of population day by day in the worldwide 
energy consumption requirements much more increase and hence much 
more nature sources are destroyed. On this basis, the excess energy usage 
(overuse) should be prevented as much as possible in all application areas. 
For example, energy dissipation forms the basis of energy consumption 
problems in the industrial power systems. That is exactly why humanity 
needs to use superconducting materials (without resistance and loss of 
energy) for leaving a cleaner world to next generation. In other words, the 
preference of superconducting material provides a strong motivation for 
the efficient use of energy. Accordingly, the superconductivity suppling 
reliable, clean, efficient, economic, cheap and power quality to human 
beings is one of the only solutions for overcoming the energy conservation 
and related ecological energy problems so that the world for the next 
generation can be secured. Hence, the use of superconducting materials 
in the daily life technology and industry has an importance for the energy 
management planning and operation based on the energy production / 
protection / consumption / distribution / storage / supply-demand balance. 
Consequently, the energy management methodology consists of three 
main objectives: resource conservation, climate protection grounded on 
environmental awareness and cost savings. In this respect, the energy 
management discipline is directly related to the fact that the activities 
in daily life are performed without any compromise but in low energy 
consuming. This is exactly why the humanbeings totally require the 
superconducting materials in the application fields. 

In more detail, the superconductors can be used in many application 
fields without any resistance no resistance under the certain current and 
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applied magnetic fields. In the literature, the superconducting materials 
are examined in two main groups: these are type-I and type-II [11–13]. 
The type-I superconducting parents discovered firstly in 1911 by Onnes 
are extensively known as conventional superconductors and are soft type 
materials and pioneers of superconductivity [14]. On the other hand, the 
type-II superconducting parents known as the hard ceramic materials 
are composed of the oxygen deficit multi-layered perovskite structures. 
Among the parents, the type-II superconducting materials exhibit the 
indispensable features large critical temperature/current density carrying 
ability/ magnetic field carrying capability, thermodynamic stability and 
electronic characteristics. Similarly, low resistivity, energy consumption 
and losses are acceptable Intriguing characteristic behavior [15–17]. In the 
type-II superconducting parents, the YBa2Cu3O7-y ceramic superconductor 
with superior characteristic features is one of the perfect candidates for the 
usage in the potential application fields such as especially heavy-industrial 
technology, advanced medicine and engineering sectors, innovative energy 
infrastructure, and large-scale applications.

In the present work, the influence of Cs/Ba partial substitution in 
the Y1Ba2-xCsxCu3O7 crystal structure on the electrical, crystallinity, 
superconducting and microstructural morphological properties of 
Y1Ba2Cu3O7 superconducting compound is extensively investigated with 
the assistant of dc electrical resistivity at the environmental temperature 
(ρ-T), powder X-ray diffraction (XRD) and scanning electron microscopy 
(SEM) experimental tests. The experimental findings indicate that the 
aliovalent Cs/Ba partial substitution seems to be not a wise choice for the 
permanent and radical solutions for the global energy requirements. 

2. Experimental details

In the present work, the partial replacement of aliovalent Ba2+ for 
Cs1+ ions in the superconducting Y1Ba2-xCsxCu3O7-y ceramic compounds 
(x=0.05 and x=0.30) is adjusted by the conventional solid-state reaction 
route using the high-purity precursor chemical nitrate compounds of 
Y, Cu, Cs and Ba material obtained from Sigma Aldrich and Alfa Aesar 
exclusive distributor. The chemical nitrate compounds are separately 
prepared to be approximately 3mg of raw materials in a molar ratio of 
1:2-x:x:3. Here the different molecular weight ratios of 0.5 and 3% are 
weighed by means of the electronic balance in the atmospheric air. The 
general reactions performed in the stoichiometric proportion to produce 
a chemically homogeneous mixture throughout the study are provided 
below: 

Y(NO3).6(H2O) + Cu(NO3)2.3(H2O) + (2-x) Ba(NO3)2 + xCsNO3    → 

Y1Ba2-xCsxCu3O7 + k(N2O) + b(NO2)+ k(NO)+ 6H2O…
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The chemical of mixture is annealed at the temperature of 550 °C 
for 2 h release the gasses regarding the nitrogenous or nitrogenous-
containing and any impurity residuals to produce the aliovalent Cs/Ba 
partial substituted Y1Ba2-xCsxCu3O7-y superconducting materials. The 
homogeneous mixture of chemicals is exposed to the calcination process 
at the constant temperature of 800 °C for the duration of 24 h in a tube 
furnace at the heating rate of 5 °C per min. After right, the environmental 
temperature is reduced towards the room temperature with a cooling rate 
of 5 ºC per min. The blackish powder of chemicals is subjected to mix in 
an agate mortar during 2 h with the aid of hand to obtain the homogeneous 
structure within the desired particle size [18]. The resultant powder is 
automatically pelletized under 10 tons in the normal atmospheric pressure 
conditions to make the cylindrical samples with a diameter of 13 mm so 
that we overcome to reduce the granular structure and inter-grain contact 
problems in the bulk Y-123 superconducting crystal structure [19]. The 
solid samples pelletized are sintered at the temperature of 970 ºC (known as 
the optimum annealing temperature for the Y-123 superconducting phase) 
for 20 h (received as the optimum annealing-time) in the furnace [20]. 
The heating and cooling rates are adjusted as in the calcination process. 
After 20-hour annealing time, the environmental temperature of 970 ºC is 
decreased down to the temperature of 720 °C with 1 °C/min cooling rate. 
It is at this temperature that a certain amount of oxygen flow is sent to the 
system to recover the oxygen lost along with the firing process until 400 °C 
environmental temperature [21].

Effects of aliovalent Cs/Ba partial replacement on the electrical, 
crystallinity, superconducting and microstructural morphological properties 
of polycrystalline Y1Ba2-xCsxCu3O7-y ceramic compounds prepared with 
different cesium dopant ratio are experimentally investigated by the dc 
electrical resistivity, powder XRD and scanning electron microscope 
measurements. On this basis, the variation of dc electrical resistivity tests 
is examined with the aid of the conventional four-probe method using the 
cryo-cooler system. Experimental findings are captured in the present of 5 
mA in 25-110 K temperature range with the assistant of a programmable 
nano-voltmeter and current source. The measurement signals are 
taken within the accuracy of about ±0.1 K. At the same time, the XRD 
measurement results are obtained from the well-defined diffraction peaks of 
Y1Ba2-xCsxCu3O7-y materials using an X-Ray diffractometer (SHIMADZU 
6000) with CuKa target source providing a monochromatic beam with the 
wavelength of 1.5418 Å in the range 2θ = 10°–60°. The signals gathered 
at 3°/min a scan speed and 0.02° step increment at room temperature in 
air atmosphere are monitored with a well-equipped computer. The surface 
morphology, grain connectivity and crystallinity quality features of bulk 
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Y1Ba2-xCsxCu3O7-y superconducting ceramic materials are sensitively 
scrutinized by FEI-Quanta FEG 250 SEM that is operated at 20 kV high 
voltage in SEI (secondary electron image) mode with a resolution power 
of 3 nm.

3. Results and Discussion

3.1. Effect of Cs/Ba partial replacement on dc electrical resistivity and 
superconducting parameters of Y1Ba2-xCsxCu3O7

The variation of electrical resistivity with the partial replacement 
of aliovalent Cs-sites by the Ba-sites in the polycrystalline YBa2Cu3O7-y 
ceramic superconductor is sensitively examined by the standard 
temperature-dependent electrical resistivity measurements conducted at 
the temperature range of 60-120 K with the aid of the conventional four-
probe method using the cryo-cooler system. The observed curves enable 
us to determine the fundamental electrical resistivity parameters; namely, 
normal state resistivities at the temperature of 300 K, residual resistivity 
ratios (abbreviated as RRR), residual resistivities (identified as ρres), ∆ρ, and 
ρ100K. In Fig. 1a-b one can see the differentiation of temperature-dependent 
electrical resistivity results for the Y1Ba2-xCsxCu3O7 materials prepared 
when x is equal to 0.05 and 0.40, respectively. It is apparent from the 
figure that the aliovalent Cs/Ba seriously affects the fundamental electrical 
resistivity parameters of bulk YBa2Cu3O7-y superconducting ceramic 
compounds. On this basis, the varied electrical resistivity parameters 
declare that the cesium foreign particles are successfully replaced for the 
divalent barium-sites in the polycrystalline YBa2Cu3O7-y system.

Based on Fig. 1a-b, one can easily realize that the Ba-site Cs partially 
substituted Y-123 superconducting ceramic materials studied in the current 
work show directly metallic-like property due to the presence of the 
positive linear dependence (dρ/dt) of electrical resistivity depending on the 
temperature after onset transition temperature ( onset

cT ). In other words, the 
logarithmic distribution of densities of electronic states at the vicinity of 
Fermi level leads to appear the linear change in the temperature-dependent 
electrical resistivity curves [22–24]. Besides, it can be interpreted that 
the linearity characteristics results from the formation of cooper-pair 
probabilities (super-electrons) grounded on the strong electron-phonon 
interactions in the bulk superconducting crystal system [25, 26]. 
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Figure 1 Differentiation of temperature-dependent electrical resistivity results for 
Y1Ba2-xCsxCu3O7 materials prepared by  a) x=0.05 and b) x=0.40.

According to the experimental findings, it is obvious that the 
increment (from 0.05 to 0.40) in the aliovalent Cs/Ba partial replacement 
in the polycrystalline Y1Ba2-xCsxCu3O7 superconducting ceramic materials 

(a)

(b)
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reduces remarkably some systematic permeant structural problems such as 
deformations, porosity, cracks, defects, residues, voids, grain misorientation, 
inhomogeneities and grain boundary couplings in the crystal structure 
[27]. This is exactly why; the electrical resistivity is observed to decrease 
seriously in case of the x=0.04 in the crystal structure. Fig. 1 shows that the 
normal state resistivity parameter at 300 K (ρ300K) is observed to decrease 
with the increment in the aliovalent Cs/Ba partial substitution in the bulk 
Y1Ba2-xCsxCu3O7 superconducting compound. In this respect, the Y1Ba2-

xCsxCu3O7 material prepared by x=0.05 exhibits the ρ300K value of 0.393 
Ω.cm whereas the other one (prepared by relatively higher dopant level) 
possesses smaller ρ300K value of 0.078 Ω.cm. It is obvious that the crystal 
structure of Y1Ba2-xCsxCu3O7 superconducting compound improves with 
the Cs foreign impurities in the superconducting matrix. Similarly, the 
experimental findings show that the mobile hole carrier concentrations as 
well as some systematic permeant structural problems are found to enhance 
remarkably depending on the aliovalent Cs/Ba partial substitution level.

Additionally, the residual resistivity (ρres) parameter (inferred from 
Matthiessen’s rule [28]) exhibits the similar result. Namely, with the 
increment in the aliovalent Cs/Ba partial substitution, the residual resistivity 
is found to decrease from 0.042 Ω.cm to 0.007 Ω.cm. this result confirms 
the rapid decrement in the systematic permeant structural problems in 
the bulk Y1Ba2Cu3O7 superconducting ceramic crystal structure [29]. As 
for the ρ100K parameters directly related to lattice strain and formation 
of impurity scattering in the crystal structure [30], the aliovalent Cs/Ba 
partial substitution in the bulk Y1Ba2Cu3O7 superconducting system causes 
to decrease seriously. In this context, the parameter of ρ100K is found to be 
approximately 0.152 Ω.cm for the Y1Ba2-xCsxCu3O7 prepared by x=0.40 
molecular weight ratio whereas the YBCO sample produced by x=0.05 
possesses the ρ100K value of 0.028 Ω.cm. This means that the aliovalent Cs/
Ba partial substitution within x=0.40 ratio decreases seriously lattice strain 
and formation of impurity scattering in the crystal structure. At the same 
time, we determine the change in the residual resistivity ratio associated 
with the ratio between ρ100K and ρ300K (RRR=ρ300K/ρ100K) for the Y1Ba2-

xCsxCu3O7 superconducting compounds to discuss the effect of aliovalent 
Cs/Ba partial substitution in the crystal lattice on the material quality 
qualification [31]. According to Fig. 1a-b, it is normal display that the RRR 
parameter is noted to be about 2.586 for the Y1Ba2-xCsxCu3O7 fabricated by 
x=0.40 while the other sample shows the RRR parameter of 2.787. hence, it 
is to be mentioned here that the presence of cesium ions within the x=0.40 
ratio in the bulk Y1Ba2Cu3O7 crystal system improves the sample quality. 

We also define a parameter, which is the difference between ρ100K 
and ρ300K (∆ρ), is used to determine formation of new permanent defects 
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and disorders in the Y1Ba2Cu3O7 crystal lattice. It is obvious from the 
figure that the ρ values are calculated to be about 0.341 Ω.cm and 0.050 
Ω.cm for the Y1Ba2-xCsxCu3O7 prepared by x=0.05 and x=0.40 molecular 
weight ratio, respectively. This is attribution to the fact that conductivity 
characteristic feature refines with increasing the aliovalent Cs/Ba partial 
substitution level due to the refinement of disorders and defects in the 
bulk Y1Ba2Cu3O7 superconducting system. Lastly, we deal with the role of 
aliovalent Cs/Ba partial substitution on the variation in the superconducting 
transition temperatures (offset, offset

cT and onset, onset
cT ) deduced from the 

temperature-dependent electrical resistivity curves. It is apparent that both 
the offset

cT and onset
cT  temperatures are strongly dependent upon the cesium 

foreign impurity level in the bulk Y1Ba2Cu3O7 superconducting system. It 
is well known that the offset

cT  temperature is the transition of normal state 
into superconducting phase of inter-granular regions in the crystal system 
[32]. When the environment temperature decreases down offset

cT value, the 
sample exhibits superconducting nature. On the other hand, the onset

cT  
temperature is related to beginning of superconductivity in the transgranular 
regions in the crystal system and is useful parameter to determine the 
fundamental thermodynamic quantities of a material [33–35]. The offset

cT
and onset

cT also enable us to discuss the change in the degree of broadening 
parameter ( cT∆ = onset

cT - offset
cT ) depending on the aliovalent Cs/Ba partial 

substitution in the Y1Ba2-xCsxCu3O7 superconducting system. Numerically, 
the Y1Ba2-xCsxCu3O7 prepared for x=0.05 shows 91.6 K and 92.4 K for the 

offset
cT and onset

cT parameters, respectively. As for the parameters of second 
sample, the offset

cT  and  onset
cT parameters are found to be about 89.8 K and 

91.4 K, respectively. The cT∆  parameters are obtained to be about 0.8 K 
and 0.6 K for the bulk Y1Ba2-xCsxCu3O7 produced by x=0.05 and x=0.40 
molecular weight ratio, respectively.

3.2. SEM and XRD examinations for bulk Y1Ba2-xCsxCu3O7 ceramic 
materials

The role of aliovalent Cs/Ba partial substitution in the superconducting 
system on the microstructural morphological properties of polycrystalline 
Y1Ba2-xCsxCu3O7 superconducting compounds is structurally examined 
by the scanning electron microscopy (SEM) technique. One can see the 
SEM photomicrographs in the secondary electron image mode with 5000X 
magnification using high voltage of 20 kV. One can encounter the SEM 
micrographs for the bulk Y1Ba2-xCsxCu3O7 produced by x=0.05 and x=0.40 
in Fig. 2 and Fig. 3, respectively. 
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Figure 2. SEM image for bulk Y1Ba2-xCsxCu3O7 produced by x=0.05 (Scale bar: 1

)

Figure 3. SEM image for bulk Y1Ba2-xCsxCu3O7 produced by x=0.40 (Scale bar: 1

)

It is obvious that the latter sample exhibits much clearer structure 
with lower porous, denser surface view, better grain orientations, larger 
average grain size distribution and finer connection between the grains. 
In other words, the enhancement of cesium foreign impurity in the 
crystal system results in the positive variations of impurity residues, 
porosity, partial melting regions, microstructural views, voids, defects, 
connectivity between the grains, orientations and distributions of grains 
(Fig. 3). Conversely, for the bulk Y1Ba2-xCsxCu3O7 produced by x=0.05 the 
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fundamental microstructural features are observed to damage considerably 
as a consequence of the induced voids, impurity residues, microscopic 
cracks and surface omnipresent defects in the crystal structure (Fig. 2).

Figure 4. XRD patterns for the samples prepared in the current work

Moreover, we experimentally investigate the influence of aliovalent 
Cs/Ba partial substitution on the general crystallinity properties of Ba-
site Cs partially replaced Y-123 superconducting ceramic compounds 
by means of powder XRD measurements. All the diffraction peaks are 
gathered between 10° and 60°. One can see the graphics in Fig. 4 where 
the bulk Y1Ba2-xCsxCu3O7 superconducting ceramic compounds present 
the polycrystalline nature and there are some shifts of diffraction peaks 
to high or low angles in the XRD diffractograms. Thus, it can be shown 
that the cesium foreign impurities are successfully introduced into the 
polycrystalline Y1Ba2Cu3O7 superconducting crystal lattice. Additionally, 
Miller indices of hkl are on the diffraction peaks. It is obvious that the 
Y1Ba2-xCsxCu3O7 superconducting ceramic compounds produced by x=0.05 
exhibits much higher characteristic diffraction peaks as compared to those 
of Y1Ba2-xCsxCu3O7 material prepared by x=0.40. Maybe, the slightly higher 
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offset
cT  and  onset

cT parameters are related to the intensity of characteristic 
diffraction peaks. Moreover, both of the samples prepared in the current 
work crystallize in the orthorhombic space group P4/mmm with a little 
distortion. When the aliovalent Cs/Ba partial substitution level is x=0.05, 
the orthorhombicity characteristic is found to more improve. In the figure, 
it is obvious that the characteristic peaks identified by the Miller indices of 
006, 005, 103 and 003 are observed to be higher as compared to the other 
characteristic peaks. Moreover, we cannot determine the solubility limit for 
the cesium foreign impurity in the bulk Y1Ba2-xCsxCu3O7 superconducting 
crystal structure for the samples studied due to the nonexistence of any 
various phases including the cesium impurity and other cations in the XRD 
diffractograms. In other words, the cesium particles are totally solved in 
the Y1Ba2-xCsxCu3O7 superconducting system [36-37].

4. Conclusion

In the present work, the crucial role of aliovalent Cs/Ba partial 
replacement in the polycrystalline Y1-xErxBa2Cu3O7-y superconducting 
ceramic compounds on the general crystallinity, electrical, superconducting 
and microstructural morphological properties of Y1Ba2Cu3O7 
superconducting compound is experimentally examined by means of 
temperature-dependent electrical resistivity, powder X-ray diffraction 
and scanning electron microscopy measurements. The experimental test 
results show that the cesium foreign particles are substituted successfully 
for the barium-sites in the Y1Ba2Cu3O7 crystal lattice. Moreover, dc 
electrical resistivity measurement results indicate that the Y1Ba2-xCsxCu3O7 
material prepared by x=0.40 possesses smaller normal state resistivities 
at the temperature of 300 K, residual resistivities, ∆ρ and ρ100K parameters 
as compared to those of Y1Ba2-xCsxCu3O7 sample produced by x=0.05. 
Conversely, the former material has higher residual resistivity ratio. This 
is in attribution to the fact that the enhancement of aliovalent Cs/Ba partial 
substitution in the Y1Ba2-xCsxCu3O7 crystal lattice reduces remarkably 
some systematic permeant structural problems. Similarly, the lattice 
strain and formation of impurity scattering in the crystal structure are 
extensively eliminated in case of the substitution level of x=0.40 due to the 
refinement in the material quality qualification. Furthermore, the sample 
produced by x=0.05 obtains higher offset

cT  value of 91.6 K and onset
cT  value 

of 92.4 K. The cT∆  parameters are observed to be about 0.8 K and 0.6 
K for the Y1Ba2-xCsxCu3O7 produced by x=0.05 and x=0.40 molecular 
weight ratio, respectively. As for the crystallinity and microstructural 
morphological properties, the YBCO sample produced by x=0.05 shows 
larger orthorhombicity characteristic while the other sample prepared by 
x=0.40 presents much clearer structure with lower porous, denser surface 
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view, better grain orientations, larger average grain size distribution and 
finer connection between the grains.

To sum up, the polycrystalline Y1Ba2-xCsxCu3O7 material prepared by 
x=0.40 is found to be more appropriate to use in the potential application 
fields including the heavy-industrial technology, advanced medicine and 
engineering sectors, innovative energy infrastructure, and large-scale 
applications.
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INTRODUCTION

Water required by crops is supplied by nature in the form of 
precipitation, but when it becomes scarce or its distribution does not 
coincide with demand peaks, it is then necessary to supply it artificially, by 
irrigation. Several irrigation methods are available, and the selection of one 
depends on factors such as water availability, crop, soil characteristics, land 
topography, and associated cost. In the near future, irrigated agriculture 
will need to produce two-thirds of the increase in food products required 
by a larger population (English et al., 2002). The growing dependence on 
irrigated agriculture coincides with an accelerated competition for water 
and increased awareness of unintended negative consequences of poor 
design and management (Cai et al., 2003). Drip irrigation water application 
uniformity is one of the major factors that determine irrigation efficiency. 
The main objective in drip irrigation design is the uniform distribution 
of water delivered through the emitters. Generally, the Christiansen 
uniformity coefficient (CU), distribution uniformity (DU), emission 
uniformity (EU), coefficient of variation (CV), and the maximum relative 
flow difference (qv) are used to evaluate the uniformity of microirrigation 
systems (Christiansen 1942; Keller and Karmelli 1974; Keller and Bliesner 
1990; Wu and Barragan 2000). Among the uniformity parameters 
mentioned above, CU and CV must be calculated based on a group of 
sample readings or from all samples (Wu and Barragan 2000). DU is 
calculated as the mean of the lowest 25 % of emitter flow rates divided by 
the mean emitter flow rate. EU is recommended for microirrigation design 
and the evaluation of system uniformity by the ASAE standards (ASAE 
2003). 

Several authors have proposed numerical (Bralts & Segerlind, 
1985; Dandy & Hassanli, 1996; Kang & Nishiyama, 1996) or analytical 
solutions (Baiamonte, 2018; Baiamonte, Provenzano, & Rallo, 2015; 
Barragan, Cots, Monserrat, & Sanz, 1998; Zhang, Wu, & Zhu, 2013) using 
with the aforementioned design approach. Under the traditional design 
paradigm, design and operating costs are not a design criteria but the 
result of the hydraulic requirements. There is little research that put the 
economic variables at the heart of the drip irrigation system design. The 
main objective of this work is to propose a method for the drip irrigation 
units design based on economic criteria. The minimisation of a simplified 
objective cost function considering the main design and operating costs is 
used for the design approach. A set of analytical expressions to calculate 
the diameters and the average operating pressure head are deduced from 
the minimum condition of the objective function.

Under this approach, hydraulic variables are not matched alone but are 
the consequence of the economic optimisation. It is shown the expected 
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optimum yield increase with agricultural irrigation. To achieve this, soil 
properties of the land to be irrigated, amount and quality of irrigation 
conditions, topographic situation, size and shape of the land, plant type, 
climate characteristics, irrigation conditions. Today, the interest of both 
growers and commercial organizations in underground drip irrigation 
systems. Subsurface drip irrigation relates to other irrigation methods in 
micro irrigation systems. See other irrigation methods in this configuration. 
Underground drip irrigation, which is one of the micro irrigation systems 
methods, is the one with the highest water use efficiency. Today, with the 
advancement of technology and increased areas of conscious viticulture, 
pressurized irrigation methods that minimize the use of water in vineyards 
instead of surface irrigation methods make it preferable. The underground 
drip irrigation system, whose use of the last drip is becoming widespread 
day by day, consists of the most important pressurized irrigation methods 
that provide significant water savings.

OBJECTIVES 

The objectives of this research were to combine hydraulic emission 
uniformity and total annual cost of trickle (drip) irrigation subunits in one 
objective function, express this objective function in terms of basic design 
parameters such as emitter and lateral spacing and manifold diameter, and 
then utilize optimization techniques to select optimum spacing between 
emitters and laterals to maximize the objective function. The decision 
variables that were considered in the optimization process included 
emitter and lateral spacing and manifold diameter. Moreover, the optimum 
manifold pipe size obtained from combined economical and hydraulic 
analysis is different from the pipe size obtained from economic analysis 
only.

ADVANTAGES

Many concerns as to the advantages of drip irrigation have been and 
are still being made; currently, the following advantages are recognized:  

* The evaporative component of evapotranspiration is reduced, as 
only a limited area of the soil is wetted.  

* The higher degree of inbuilt management that localized irrigation 
offers  reduces substantially deep percolation and runoff losses, thus 
attaining 

 higher irrigation efficiencies. Consequently, localized irrigation is 
considered as water-saving technology;  

* The limited wetted area results in reduced weed growth.  

* Applicable to all forms of plots.  
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* Unaffected by wind. 

* Reduced operating costs and labor. Human intervention is reduced 
to the periodic inspection of equipment for filtering and control, and the 
proper operation of drippers;  

* Reduced risk of fungal diseases;  

* Reduced sensitivity to the use of salt water. The salts are leached 
to each application and, rained at the periphery of the bulb humidifying 
outside the scope of the active root zone. No risk of damage to the aerial 
parts of plants by spraying of saline water.  

DISADVANTAGES

The major disadvantages of localized irrigation are:  

*Localized systems are prone to clogging because of the very small 
aperture of the water emitting devices hence the need for proper filtration 
and, at times chemigation . 

*The movement of salts to the fringes of the wetted area of the soil 
may cause salinity  problems through the leaching of salts by rain to the 
main root volume.  This can be avoided if the system is turned on when it 
rains, especially when the  amount of rain is not enough to leach the salts 
beyond the root zone depth.  

* Rodents, dogs and other animals in search of water can damage the 
lateral lines.

* For crops of very high population density, the system may be 
uneconomic because of the large number of laterals and emitters required. 

* The relatively high investment cost of the system. 

* The spatial development of the root zone is limited and concentrated 
in the vicinity of the dripper making plants more susceptible to wind.

DESIGN REQUIREMENT

It is necessary to design a suitable and economically viable system 
to deliver a predefined amount of water at the root zone of each plant at 
regular intervals. In general, following steps are involved in design of drip 
irrigation system. 

Step 1. Calculation of crop water requirement, 

Step 2. Selection of dripper,

Step 3. Design and selection of lateral, 

Step 4. Design and selection of sub main, 
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Step 5. Design of selection of main line, 

Step 6. Selection of Filter and fertigation equipment, 

Step 7. Selection of pump,

Step 8. Selection of other fittings and accessories.

           EVALUATION ON WATER REQUIREMENT

Land and Water Development Division of Food agriculture 
organization, (FAO), is developed software named CROPWAT to evaluate 
the irrigation water requirement. CROPWAT is meant as a practical tool 
to carry out standard calculations for reference evapotranspiration (ETO), 
crop water requirements, irrigation requirements, and more specifically the 
design and management of irrigation schemes. It allows the development 
of recommendations for improved irrigation practices, the planning 
of irrigation schedules under varying water supply conditions, and the 
assessment of production under rain fed conditions or deficit irrigation 
(Clark and Smith, 1998). Results of crop evapotranspiration are obtained 
by appling the CROPWAT software. 

Cropping patterns and cropping intensity greatly affect the amounts of 
water needed to be supplied to an irrigation scheme. A selected cropping 
pattern must consider the crops that can be grown successfully in the area, 
local needs, areas needed for pastures, and available water resources. 

IRRIGATION WATER REQUIREMENT

The irrigation water requirement of an area is based on following 
factors:

Type of crop (crop coefficient), Source of water, Weather data (Class 
A pan evaporation data), soil type srea under cultivation the monthly 
irrigation water requirement can be estimated on the basis of monthly pan 
evaporation data and crop coefficient by using the following equation 

Vm = Kc × Kp × Cc × Ep × A                                                        (1)

where, 

Vm=Monthly irrigation water requirement,L 

Kc = Crop coefficient,

Cc = Canopy factor (Cc = 1.0, for closely spaced field crop, Cc = 
wetted area /plant area, for orchard and vegetables crop),

Kp = Pan evaporation factor (generally it is 0.8)

Ep = Normal monthly pan evaporation, mm,



Gürol Yıldırım132 .

A = Area to be irrigated, m² capacity of drip system Factor affects the 
drip system capacity 

Irrigation water requirement, daily operating hours, Irrigation 
interval, water application efficiency drip irrigation system is generally 
not recommended to operate for more than 1.5 - 2.0 hours at a stretch to 
avoid losses of water through leaching,

Irrigation interval generally is not kept more than three days to avoid 
moisture stress to plants. 

Equation to estimate capacity of drip system:

Q = A × CU × T / (ηa × t)                                                               (2)

where, 

Q = Capacity of drip system, lps 

A = Total cultivated area, m² 

T = Irrigation interval, days 

ηa=Water application efficiency (in fraction),

t = Duration of each irrigation, h

Discharge required per plant (Qp) can simply be estimated by dividing 
the drip capacity (Q) by the number of plants (n) in the area 

Qp = Q/n                                                                    (3)

Length of main, submain and lateral lines Length of main, submain 
and lateral lines can be calculated with the help of length, width and total 
number of equal sized blocks in a field, as follows: 

Length of main line = width of block (if number of block i.e. NB = 1, 
in small fields) Length of main, submain and lateral lines 

Total length of main line 

(Lm) = (Nв -1) × width of block (if NB>1)                                  (4)

Length of submain line 

(Ls ) = width of block (Bw) ,

No submain if NB = 1 

Total length of submain = Ls × NB                                            (5)

Length of lateral line (LL ) = Length of block (BL ) 

Total length of lateral = LL × NB × NR                                        (6)

where, 
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NR = Number of plant row per block Number of drippers and laterals 
In orchard and vegetables crops, drippers are installed close to each plant, 
laterals are placed along each row of plant, number of laterals is taken 
equal to the number of plant rows.

Number of laterals and drippers 

NLS = LS ÷ S                                                             (7)

where, 

NLS = Number of laterals per submain

LS = Length of sub main pipe, m 

S = Spacing between two rows of laterals, m 

In large fields total number of laterals is estimated by multiplying the 
laterals per submain and the number of submain used 

NL = LM ÷ S                                                      (8)

If NB =1;

NL = NLS × Ns                                                     (9)

if NB >1;

where, 

NL= Total number of laterals 

LM = Length of main pipe, m 

Numbers of plants per lateral are estimated by dividing the length of 
lateral pipe by the spacing between two plants 

NPL = LL ÷ PS                                                       (10)

Where, 

NPL = Number of plants per lateral

LL = Length of lateral pipe, m 

PS = Spacing between two plants, m Number of drippers per plant is 
estimated as follow: 

QP = Q ÷ (NL × NPL)                                                      (11)

DP = QP ÷ q                                                              (12)

Where, 

QP =Discharge required per Plant, lps 

Q = Drip Capacity lph 
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NL= Total Number of laterals 

NPL = Number of Plants per lateral

NDP = Number of Drippers per plant 

q = Dripper discharge, lps

Total Number of Dripper required is estimated using the equations 

NDL = NDP × NPL ND = NDL × NL NP = NPL × NL                    (13)

where, 

NDL = Number of drippers per lateral 

ND = Total number of drippers,

NP = Total number of Plants,

NL= Total Number of laterals,

NPL = Number of Plants per lateral,

NDP = Number of Drippers per plant,

DIAMETER OF LATERALS

Lateral pipe is selected such that the head loss in lateral pipe is limited 
within 10 per cent of the operating pressure available at the head of the 
lateral ,Expected head loss in different diameter pipes are estimated and 
that smallest diameter pipe is selected in which the head losses are within 
10 per cent of the operating pressure ,Lateral pipes having 10, 12, 16 and 
20 mm internal diameter with wall thickness varying from 1 to 3 mm are 
used in drip irrigation system First a smaller diameter lateral pipe should 
be selected to reduce the total cost of system and the friction losses are 
estimated by using Equation and then elevation head is added to this. If 
the variation in total friction losses are found within 10 % of the operating 
pressure then selected diameter is accepted. 

where, 

Q:  Capacity of drip system, lps 

h:   Frictional loss in lateral pipe, m 

Fd: Factor for multiple outlet (Based on number of outlets), 

d:   Diameter of lateral pipe, mm

DIAMETER OF MAIN AND SUBMAIN

Selection of the diameter of main and sub-main pipes is done similar 
to the lateral pipes starting from the smallest size going towards the 
successively higher size pipes If the variation in total head loss (friction 
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losses + elevation head) in main and submain pipe are found within 10 % 
of the operating pressure of the system then selected diameter of sub-main 
and main pipes are accepted Diameter of main and sub main,

HDPE pipes of 65 mm diameter and more with a pressure rating of 
2.5 to 6 kg/cm² are generally recommended for main pipe Pipes with a 
diameter of 25 to 75 mm and with a pressure rating of 2.50 to 4.0 kg/cm² 
are used as the sub main pipe, filter is an essential component of the drip 
system.

Filters are used to minimize or prevent inflow of possible suspended 
material in the water to the pipe spacing and dripper network. The type of 
filter needed depends on the water quality and the operating pressure of 
the drip system.

TOTAL COST

Total cost of the drip system can be estimated by the sum of the costs 
of its different components and latest rate of component or refer to the 
catalog of said firm.

DESIGN OF DRIP SYSTEM

Land, plant type, soil type, land slope, climate registration, back flush 
valve pressure gauge valve sand filter, outline pump, good end cap, lateral 
dripper valve, sub area line, water supply and water quality.

Determination of plant water requirement peak water requirement,

 q=                                                             (14)

where, 

A = Crop area (m²) = rr (m) × cc (m); 

PE = Maximum pan evaporation, mm / day; PC = Pan Coefficient is 
taken as approximately 0.7 to 0.8; KC = Product coefficient for any product, 
the value of which depends on foliage characteristics, crop growth stage, 
environment and geographic location recommended by FAO. 

w = Wetted area of   the crop,%. When the sun is above the head, it is 
the area shaded due to the canopy cover, which depends on the growth 
stage of the plant. The percentage of wetted area covered by the crop 
ranges from 1/3 to 2/3 of the plant. 

Eu = Emission homogeneity of the drip system, decimal. 

•	 Darcy-Weisbach Equation: French engineer Henri Darcy 
investigated the flow of water in turbulent conditions in long irregular 
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uniform diameter pipes. The dispersion of energy by liquid friction causes 
a peisometric head to fall in the flow direction. Dimensional analysis can 
be used to provide a functional relationship between friction loss (hf) and 
flow parameters. The resulting equation is called the Darcy - Weisbach 
equation.

                                                       (15)

•	 Hazen - William Formula: Hazen-William formula is the 
most commonly used head loss formula in the USA. It cannot be used for 
liquids other than water and was originally developed only for turbulent 
flow. The results of this equation depend on the value of the friction factor 
(C) that should be used with the formula, which can be higher (80 to 130) 
and higher, depending on the pipe type, pipe size and water velocity. 

•	 The formula Hazen-William is given in the equation below:

     (16)

where:

hf : friction head loss (m),

C : Hazen - William friction coefficient (depends on pipe roughness),

D : pipe diameter (m),

L : pipe length (m).

Q : discharge (m³⁄s).

Head loss in a distribution pipe can be calculated from [Christiansen 
(1942)]:

                                                         (17)

where:

= head loss in a distribution pipe, m, and

F = Christiansen's reduction factor is equal to or less than 1 and 
Calculated as:

                                      (18)

Where:

i = counter,

n = total number of openings.  
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Diameter:

The continuity equation has been reorganized and used as follows to 
calculate the pipeline diameter (D):

                                                                     (19)

where:

Q: water flow in the pipeline (m³/ sec).

V: velocity in the pipeline (m / s).

D: pipe diameter (m).

For design purposes, friction head losses (hf) are calculated as the 
manning equation below. 

It can be applied to full and partial pipe flow.

                                                                      (20)

where:

R: is the hydraulic radius = area / wetted environment.

S: is the slope of the energy grad line = hf / L.

And, n is the roughness factor (n = 0.009 for pipe).

GENERAL PRINCIPLES

Source of Irrigation water

Crops to be grown, topographic conditions, texture of soil, climatic 
data, layout of drip system, irrigation water requirement, capacity of drip 
system, length of main, length of sub-main, length of lateral lines.

DESIGN STEPS

Number of laterals and drippers, in orchards and vegetable crops, in 
close growing field crops, number of fittings and accessories, capacity of 
main pipe, capacity of sub-main pipe, capacity of lateral pipes. Diameter 
of lateral pipe, diameter of main pipe, diameter of sub-main pipe, filters, 
fertilizer applicators, size of pumping unit, total cost of drip system.

SYSTEM LAYOUT

Nodes representing junctions in the network were assigned their respective 
positions by inputting their coordinates from Arch GIS including their elevations 
and base demands. Base demands were calculated basing on the plant population 
of each block. Nodes were connected by the links which represent pipes to come 
up with a network while assigning them different sizes.
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Figure 1. The Lay-out of the drip irrigation system.

THEORETICAL PROCEDURE 

Trickle irrigation system is a water-distribution system; therefore, the 
design must be carried out against the flow direction and it must begin from 
the emitter towards the pumping unit.  The basic principles of design of a 
trickle subunit can be summarized in the following paragraphs. Average 
emitter discharge can be calculated as follows:

                                                                   (21)

where:

= average emitter discharge, lph,

 = gross depth of irrigation, mm, 

  = time of application per irrigation, hrs,

  = emitter spacing on the lateral, m, and

  = lateral spacing on the manifold, m.

Average operational pressure head, , of the emitter can be calculated 
by using the average emitter discharge in the subunit, , or:

                                                                      

where:
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x = exponent of the emitter which depends upon the flow regime in 
the emitter, and

k = discharge of the emitter when the applied head is equal to unity.

Hazen-William’s formula when combined with the equation of 
continuity is usually used to calculate friction head loss through the pipes 
and it can be expressed by:

                                                                                   (23)

where :

= head loss in a carrier pipe due to friction, m,

 = discharge at the inlet of the pipe, m3/hr,

  = Hazen – William’s friction coefficient,

 = inside pipe diameter, mm, and

  = pipe length, m.

The head loss in a manifold, , can be calculated from [Christiansen 
(1942)]:

                                                                                                                              (24)

where:

= head loss in a manifold pipe, m, and

F = Christiansen’s reduction factor, it is equal to or less than 1 and can 
be calculated from

                                                   (25)

where: 

i = counter, and 

n = total number of openings.

For laterals on uniform slopes the lateral inlet pressure head, , can 
be estimated as follows [Keller and Karmeli (1974)]  :

                                                              (26)

where
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  lateral inlet pressure head, m,

hfl     = head loss in a lateral pipe, m, 

ÄELl = difference in ground elevation along the lateral, m, and 

ç      = a factor between 0 and 1 which can be selected according to 
designer’s experience.

The design of the manifold is similar to that of the lateral, but larger 
flow rates are involved. 

SYSTEM COSTS

In this research costs of drip subunits were divided into two groups 
namely fixed and pumping costs.  Fixed costs of a trickle subunit include 
the combined costs of emitters, laterals, fittings, and manifold. The total 
cost of laterals and manifold are computed by multiplying the lengths of 
pipes by the unit cost of pipe. Costs of emitters, fittings, and connections 
are computed by multiplying the number of each accessory by its unit cost.  
In other words

                               
(27)

where:

     = unit cost of lateral pipes, $/m,

  = unit cost of lateral connections to the manifold, $/piece,

    = unit cost of emitter, $/emitter,

= unit cost of the manifold pipe, $/m,

    = lateral length in the subunit, m,

   = manifold length in the subunit, m,

   = fixed cost of trickle subunit, $, and

: a factor equals to 1 if the laterals extend on one side of the manifold 
and 2 if the laterals extend on both sides of the manifold. 

Annual fixed cost depends upon initial cost, life of the system, and 
compound interest rate and can be computed as follows:

                                             (28)
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where:

 = annual fixed cost, $, and

 = Capital Recovery Factor which a function of compound
interest rate and life of the system. By combining equations (27) and (28) 
and simplifying the annual fixed cost can be calculated from

                                                                       (29) 

where:

                                                                               (30)

                                      (31)                                                           

             (32)

                                                                                                                 (33)

The major component of the variable cost is the energy or pumping 
cost which depends upon the hydraulic design of the system. Pumping cost 
can be computed from the annual energy requirements of the system.  For 
a given subunit, the power required is computed from:

                                      (34)

where :

   = power input required, kilowatts,

    = total discharge of the subunit, ,

 = total dynamic head of the subunit, m, and

  =     overall pumping-unit efficiency, percentage.

Total discharge of the subunit can be calculated as follows:

                                                                                                                     (35)

where:

  = number of emitters on a lateral, and

 = number of laterals in the subunit.

By utilizing equation (26) total dynamic head can then be calculated 
from:
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     (36)

where:

      = head loss in the manifold, m,

      = minor head losses in the subunit, m,

        = a factor between 0 and 1 which can be selected according to 
designer's experience, and

= difference in ground elevation along the manifold, m. 
Friction head loss in a lateral and a manifold can be calculated by combining 
equations (23) through (25) as follows:

                                               (37)

                    (38)

where:

    = diameter of the lateral pipe, mm,

  = manifold pipe diameter, mm, and

    = a constant equal to 0.2933 when  equals 150.

               (39)

          (40)

DESIGN PARAMETERS

•	 Pipe Material: The most common used pipe is GRP (Glass-fiber 
reinforced polyester pipe). However, the availability of low-cost and long 
term piping solutions to customers around the world, a long list of features 
and benefits add up to provide an optimum system of installation and life 
cycle cost (GRP pipe Catalogue, 2008). 

•	 Flow Rate: The flow rate can be computed from dividing the 
volume of irrigation water (VOL) on the operating time (T) hours. The 
volume of irrigation water computed by multiplying the depth of water 
applied in each watering by the irrigation area.    

•	 Flow Velocity: Flow velocity should be kept low, normally less 
than (1.5) m/sec, for other than experienced irrigation system designers, to 
avoid water hammer problems in pipelines. Under no conditions velocities 
ever exceed (3) m/sec. Velocities in the range of (1.5-3) m/sec are normally 
used (Clark et al., 1994).
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CONCLUSIONS

After the scarcity of fresh water around the world due to the increasing 
demand with changes in natural conditions and global warming, it becomes 
necessary to develop new approaches to rationalize water, especially in 
arid regions such as the Middle East countries. The demand for water for 
irrigation may consist of more than (80%) of the total amount of water 
required in these countries. The demand for water is increasing day by 
day due to global warming and the increasing population of the world. 
Available water resources are diminishing. The agricultural sector is the 
main consumer of freshwater resources. Drip irrigation is the most efficient 
method for using water in an efficient way. To get the expected benefit of 
drip irrigation depends on projects that have been carefully designed and 
managed by trained professionals and operate drip irrigation carefully. 

The system should be implemented and addressed as proposed in the 
project. The first investment expenditures for drip irrigation are high, and 
the implementation of drip irrigation requires a lot of data and skills. Slow 
irrigation system design is a very important process to improve irrigation 
application efficiency, emission standardization, and economic return in 
production. Thus, the optimum design for drip irrigation is one that takes 
into account the possible uniformity of hydraulic emissions and the total 
annual cost.

In practice, it is difficult to measure or calculate the flow rate of all 
emitters, the maximum, minimum, or average flow rate of a sample of 
emitters along a lateral or in a submain unit are used to evaluate water 
application uniformity or to design the microirrigation system. A criterion 
that is sometimes used to inform the hydraulic design of drip irrigation 
submain units is defined as maximum relative flow difference between the 
maximum emitter flow rate and minimum emitter flow rate. 

The design of drip irrigation units is in most cases examined from 
an hydraulic point of view. The lateral and submain diameters, or their 
maximum length for a given diameter, are deduced from the equations 
defining the energy state of the system. The results showed that as the 
spacing between emitters and laterals increases the value of the objective 
function increases up to a certain limit then its value starts to decrease; as 
hydraulic emission uniformity increases, total annual cost decreases then 
starts to increase but the differential increase in the hydraulic emission 
uniformity is very small when compared with the differential increase in 
the total annual cost. 
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INTRODUCTION

Irrigation systems should be a relevant agent to give solutions to the 
increasing demand of food, and to the development, sustainability and 
productivity of the agricultural sector. The design, managing, and operation 
of irrigation systems are crucial factors to achieve an efficient use of the 
water resources and the success in the production of crops and orchards.. 
The design and managing of irrigation systems must have its base in criteria 
that are relevant, which implies to take into account agronomic, soil, 
hydraulic, economic, energetic, and environmental factors. The optimal 
design and managing of irrigation systems at farm level is a factor of the 
first importance for a rational use of water, economic development of the 
agriculture and its environmental sustainability. Optimum management 
of available water resources at farm level is needed because of increasing 
demands, limited resources, water table variation in space and time, and 
soil contamination (Kumar and Singh, 2003). Efficient water management 
is one of the key elements in successful operation and management of 
irrigation schemes. Irrigation water management involves determining 
when to irrigate, the amount of water to apply at each irrigation event and 
during each stage of plant, and operating and maintaining the irrigation 
system. 

The main management objective is to manage the production system 
for profit without compromising environment and in agreement with water 
availability. A major management activity involves irrigation scheduling or 
determining when and how much water to apply, considering the irrigation 
method and other field characteristics. In practice, it is difficult to measure 
or calculate the flow rate of all emitters, the maximum, minimum, or 
average flow rate of a sample of emitters along a lateral or in a submain 
unit are used to evaluate water application uniformity or to design the 
microirrigation system. A criterion that is sometimes used to inform the 
hydraulic design of drip irrigation submain units is defined as maximum 
relative flow difference between the maximum emitter flow rate and 
minimum emitter flow rate. The design of drip irrigation units is in most 
cases examined from an hydraulic point of view. The lateral and submain 
diameters, or their maximum length for a given diameter, are deduced from 
the equations defining the energy state of the system. To accomplish the 
objectives of this study, all design steps of trickle irrigation subunits were 
converted to mathematical formulas and the objective function was first 
defined as a fractional function between hydraulic emission uniformity 
and total annual cost, and the maximum value of the objective function 
was then found by using an optimization process.
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CASE STUDY

Karbala province is one of the so called (middle Euphrates) province 
situated about (100 km) to the south west of Baghdad. The Geographical 
location of the city lies between N44ᵒ 40′ and 43.92″ N longitude and E33ᵒ 
31′ and32.70″ E latitude. The borders of Karbala province are Anbar to the 
north and west, Najaf to the south and Babil and part of Baghdad to the 
east. The main source of irrigation and domestic water is the Hussainia 
and Bani Hasan canals; these canals take its water from the right bank of 
the river Euphrates just upstream Hindiya Barrage. The area of Karbala 
province may be described as a good cultivation landscape producing many 
types of fruits, vegetables, grains and high quality of dates. Orchards are 
found almost everywhere. The ground level of the urbans center of the city 
is about 22-28m (above mean sea level), while the other surrounding and 
rural areas is about 30-34 m (above mean sea level). 

SYSTEM LAYOUT

The arable land of in Karbala province is consisting of around (300000) 
donum. According to the proposed scheme this area has been divided to 
in (60) equally agricultural plots. Each irrigation unit consists of a number 
of farms, the area of each farm is (50) donum, which in turn consists of a 
number of fields at (5) donum each. Preferably the number of farms in the 
irrigation unit is divided evenly, so as to facilitate the distribution scheme 
of plots either on one side or on both sides of the conveyance pipeline, as 
well as to achieve a suitable flexibility in the rotation of irrigation process.

Table 1. Values of CWR, IR and FWS for Orchards and Citrus.



Gürol Yıldırım150 .

INPUT DATA

Date: the start of each time step (defined by Time Step at the top of 
the table)

ETo : reference crop Evapotranspiration in millimeters per time step.

Crop Area: the proportion of the area planted with the specified crop 
in the current cropping pattern. 

Crop Kc: average values of crop coefficient for each time step. Note 
that the “Crop Kc” values in this case are calculated as Kc*Crop Area, so 
if the crop covers only 50% of the area, the “Crop Kc” values will be half 
of the Kc values in the crop coefficient data file. 

CWR: Crop Water Requirements for this crop. Calculated as ETo * 
Crop Kc

Total and Effective Rainfall: These are the values obtained by 
smoothing between the monthly totals.

Irrig. Req.: Irrigation Requirements for this crop in millimeters for 
the current time step.

FWS: Field Water Supply in liters per second per hectare assuming 
continuous supply and the Irrigation Efficiency shown at the top of the 
table (Clarke and smith, 1998).

Depending on the peak consumptive use for design of the irrigation 
system , the crop water requirement (consumptive use) equal to (7) mm/
day and the field water supply (duty) for orchards and agricultural crops 
equal (0.64 and 0.54) l/sec/ha respectively.

CALCULATIONS  
Average ETo is calculated as 39.59 mm/per 30 day, or 3.959 cm per 

30 day time step

The “Crop Kc” = 0.4

The Crop Water Requirement (CWR) is therefore 39.59*0.4 = 15.84 
mm per 30 days

Effective rain neglected, so the Irrigation Requirement is   15.84mm 
per 30 days

The Field Water Supply for one hectare is calculated using 1 hectare 
* 15.84 mm *  

(100/Irrigation Efficiency)
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FWS = 100m * 100m * 15.84/1000m * (100/75) m3 per 30 days = 
211.2 m3 per 30 days 

or 7.04  m³/day = 0.00008 m³/second

Table 2. The Calculations of Fws by Excel Program.

MAIN LINE DESIGN

The main line is designed to carry the maximum system capacity 
required for the plants in the farm plot; Q = 0.45 LPs. 

For sizing purposes we take it as 1 LPs  

From tables, a discharge of 1 LPs through a pipe of 50mm diameter 
the friction loss would be  0.68m per 100 length.  Friction head loss = 
0.68* (0.88) conversion factor = 0.5984  Because the proposed system uses 
multiple openings, the friction loss is taken as 1/3 of the total friction loss; 
that is, 0.5984/3= 0.1995m. Thus the loss in the mains is within the 1.0 
m/100m and a pipe of 50 mm diameter will be ideal for the design layout.  
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SUBMAIN LINE DESIGN

The sub-main line is designed to carry the maximum discharge 
required for total number of plants in the farm plot. 

Maximum discharge required = No. of plants * peak discharge per 
plant  

=7200*1.7=1238.4 l/p/h =0.34 LPs Friction Head loss in pipes (m)  
Total length                                        =100.0  Equivalent length                              

=32  Straight connectors                             

=16  Equivalent length of tee, bends etc   

=13  Total length                                       

=129 or 130 m  

From standard tables, It would be seen that for a discharge of 0.34 
LPs through a pipe of  37.5 mm diameter the friction loss would be 0.38m 
per 100 length or 0.494 for 130m equivalent length. Friction head loss = 
0.494* (0.88) conversion factor = 0.435. Because the proposed system uses 
multiple openings, the friction loss is taken as 1/3 of the total friction loss; 
that is, 0.435/3= 0.145m. Thus the loss in the mains is within the 1.0 m/100 
m and a pipe of 37.5 mm diameter will be ideal for the design layout.  

LATERAL LINE DESIGN

A lateral is selected in such a way that the pressure difference from 
the proximate end to the last emitter does not exceed 10% of the normal 
operating head which in the present case is 4m. the maximum permissible 
variation in friction loss in the pipe is thus 4*10/50 = 0.8 m for as lateral 
of 50m length.   

EPANET SOFTWARE

EPANET is computer software that performs extended period 
simulation of hydraulic and water quality behavior within pressurized 
pipe networks. A network consists of pipes, nodes (pipe junctions), pumps, 
valves and storage tanks or reservoirs. EPANET tracks the flow of water 
in each pipe, the pressure at each node, the height of water in each tank, 
and the concentration of chemical species throughout the network during a 
simulation period comprised of multiple time steps. In addition to chemical 
species, water age and source tracing can also be simulated. EPANET is 
designed to be a research tool for improving the understanding of the 
movement and fate of water constituents within distribution systems. It 
can be used for many different kinds of applications in distribution systems 
analysis: sampling program design, hydraulic model calibration, and 
chlorine residual analysis. EPANET software was applied on the network 
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at two cases using the measured emitter flow rates and the total pressure 
in the field in order to show the pressure distribution in the network and 
then comparing the results of EPANET software with measured pressures 
in the network.

Figure 1. Flow chart of EPANET program

IRRIGATION SYSTEM HYDRAULIC MODELING

For this particular project, it was done using EPANET software. Pipe 
sizes were determined and this led to preparation of a pipe schedule for 
the system. This was through the following steps; setting the inputs for 
the model, modeling the system layout, assigning patterns, running the 
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system and presentation of results. Setting the inputs The project default 
set up was done at this stage for the model. The included the abbreviations 
of the elements to be used in the network.

EPANET Input

Junction, Elevation, Demand (lps), Initial quality, Pipes, Length, 
Diameter, Roughness coefficient (Hazen-Williams C factor

EPANET  Output

Junction (nodes), Pressure , Quality, Pipes (links), Flow (lps), Velocity 
(meter per second), Head loss (meter), Tanks: inflow; level; quality; Pump: 
flow rate.

Setting the inputs 

The project default set up was done at this stage for the model. The 
included the abbreviations of the elements to be used in the network.

SYSTEM LAYOUT

Nodes representing junctions in the network were assigned their 
respective positions by inputting their coordinates including their elevations 
and base demands. Base demands were calculated basing on the plant 
population of each block. Nodes were connected by the links which represent 
pipes to come up with a network while assigning them different sizes.

Figure 2. Hydraulic properties used in modeling the system Elements (Source 
EPANET software)                                                                                               
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Figure 3. Hydraulic properties used in modeling the system Elements (Source 
EPANET software)                                                                                               

Figure 4. Hydraulic properties used in modeling the system Elements (Source 
EPANET software).   
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Figure 5. Shows System Layout with the velocity in the pipe network during 
operation.(Source EPANET model)

Figure 6. shows System Layout with the Demand and velocity in the pipe 
network during operation.(Source EPANET model) (V≤1.5).
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Figure 7. Profile of Demand between Distance (m) and Demand (Lps)

Figure 8. Profile of Pressure between Distance (m) and Pressure (m).
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Figure 9. Profile of Base Demand between Distance (m) and Base Demand 
(Lps).

Figure 10. Profile of Head between Distance (m) and Head (m).
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Figure 11. Profile of Pump Curve between Flow (Lps) and Head (m).

Figure 12. The inputs and outputs data at EPANET software.

CONCLUSIONS  

Efficient irrigation systems design at farm level appear to be a very 
important aspect for the irrigated agriculture and a key factor due to 
the competition for water resources with other sectors and to permit the 
economical and environmental sustainability of agriculture. In general, 
surface and pressurized irrigation systems can attain a reasonable level 
of efficiency, when they are well designed, adequately operated and 
appropriately selected for specific conditions; because irrigation is 
site specific. Automation of the irrigation systems coupled with sensor 
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and equipments to register the information of the irrigation process are 
important topic that must be developed in order to use the systems with 
their total potentiality. Regulated deficit irrigation proposed to control 
vegetative growth in orchards produce, in addition, savings in irrigation 
water without reducing yield. Thus, deficit irrigation has been demonstrated 
as a useful tool to improve irrigation management at a field scale.
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Introduction

Food is a vital factor for humanity. The energy that humanity needs 
to survive is produced from consumed foods. The human body meets the 
carbohydrates, proteins, lipids, minerals, vitamins and water it needs by 
feeding.

While the processed or harvested foods reach the end consumer or 
during industrial production, some consumable parts of the foods are 
thrown away or not used for various reasons. There are foods whose smell, 
color and texture do not appeal to the palate, and even thrown away because 
they are not wanted to be consumed. This situation causes food waste. The 
food waste issue has become undeniable not only in our country but also 
all over the world. 

The importance of food is increasing due to factors; increasing 
population, globalization, climate changes and drought. Food consumption 
has increased as well as food production. Efforts are being made and 
precautions are being taken around the world to ensure that food is not 
wasted. FAO (Food and Agriculture Organization of the United Nations), 
UNEP ( The United Nations Environment Programme), IFAD (The 
International Fund for Agricultural Development), WHO (World Health 
Organization), TMO (Turkish Grain Board), TISVA (Turkish Foundation 
For Waste Reduction ), Republic Of Turkey Ministry Of Agriculture And 
Forestry take an active role in this field.

It can be mentioned that there are ideas and actions that oppose food 
waste being just waste. For sustainability of food, it is usual for the recycling 
of food wastes, obtaining bioproducts from wastes, its role in enzyme 
technology, its effect on microorganisms, contribution to bioremediation, 
activating wastes in the industrial industry, and operating in the fields of 
medicine, pharmacy, environment, agriculture and animal husbandry.

Food Waste in the World and in Turkey

Causes of food losses and food waste in low-income countries; 
harvesting methods, storage possibilities, cooling conditions, packaging 
and limited marketing systems due to geographical reasons. In middle-
income and high-income countries, the causes of food losses and food 
waste are consumer behavior in addition to losses in the supply chain [1].

In the report published by FAO in 2011, it is stated that the amount of 
food that is safe for human consumption is wasted around 1.3 billion tons 
per year worldwide [1].

One-third of food production is garbage, which accounts for 8% of 
GHG (greenhouse gases) that trigger climate change. This figure mean 
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87% of global road transport emissions [2].

According to the report published in FAO 2020, it is estimated that 
690 million people globally are undernourished for 2019. This figure 
represents 8.9% of the world population [3].

In food waste report published by UNEP in 2019, global food waste 
is 931 million tons (61% households, 26% food service, 13% retail). 
According to the UNEP report in 2021, annual food waste in Turkey is 7 
762 575 tons. The annual waste rate per person is 93 kg. According to an 
other study, among the countries in the Western Asia (Armenia, Azerbaijan, 
Cyprus, Iraq, Israel, Oman, Saudi Arabia, Palestine, Yemen, United Arab 
Emirates, Syria, Qatar, Lebanon, Kuwait, Jordan, Georgia, Bahrain) the 
annual highest The country that wastes food is Turkey [4].

All these losses mean not only the production of food in vain, but also 
the loss of one third of energy, manpower and labors during production [5].

In its report published in 2019, Turkish Foundation For Waste 
Reduction emphasizes the urgency of efficient use of all resources in 
preventing and reducing food waste [6].

FAO stated in the international congress on “Global Food Loss And 
Food Waste” that there is a need for a beneficial use for safe foods that are 
preferred to be thrown away and suitable for consumption [1].

 The Importance of the Research 

Humanity loses its wealth as a result of wastes damaging the 
environment, natural resources,  sustainability in nature and in life, human 
health, the future of generations, biodiversity of living things such as animals 
and plants, climate, energy and technology. Nature and living life are at 
risk. By the understanding of the importance of waste management, it is 
possible to lead a life giving to nature instead of taking it from nature, not 
stealing from the lives of people and other living things, living without fear 
of depletion of energy and natural resources, without threatening the present 
and the future. With this viewpoint, in research, which includes studies, 
objectives and statistical data for quality life, vitality and the future; actions, 
scientific researches, ministry projects, state-sponsored in Turkey in the last 
5 years have been researched and gathered together. It is aimed to investigate 
the effects and contributions of biotechnological methods, which aim to use 
living organisms with technological methods for the production of products 
and services [7], on the recycling of food wastes.

Literature Review

A study was carried out on the generation of electrical energy in order 
to eliminate the energy deficit by providing bioenergy conversion from 
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beers that deteriorate and become food waste. After determining the beer 
waste as biomass, 2150 L of waste per day was produced as a result of 
anaerobic degradation, and 163 m3 of biogas per day was produced and 
the produced biogas was converted into 766.1 kWh electrical energy with 
a gas turbine engine [8].

By producing vinegar from various apple wastes, apples were 
prevented from being garbage, and it was suggested that the vinegars 
produced can be used for cleaning purposes with the advantage of being 
economical. According to the prosess that can be easily made at home; 
by using materials such as apple waste, bulgur wheat, Saccaromyces 
Cerevisia, apple vinegar, potable water, granulated sugar, rock salt, food 
waste in households can be recycled [9].

Bacillus licheniformis VO1 is selected as the bacterial strain. It was 
inoculated in solid phase fermentation medium that containing plantal 
wastes such as apple, melon, banana, orange peels under favorable 
conditions. It was determined that the highest solid substrate belonged to 
apple peels and α-amylase production was obtained. By the Carbon and 
Nitrogen sources are added to the fermentation medium containing high 
yield apple peels, the highest α-amylase production was obtained from the 
medium containing starch first and then yeast extract. According to the 
study, this bacterial strain belonging to the Bacillus class can be used in 
fruit juice production or in production areas where apple waste is used 
to produce α-amylase from apple waste. α-amylase, which has a high 
functionality in the field of biotechnology, is active in many areas as food, 
medicine, textile and cleaning equipments [10].

Bacillus licheniformis VO7 was inoculated into solid phase 
fermentation medium with optimum conditions in the medium consisting 
of agricultural wastes such as apple peel, banana peel, watermelon peel 
and orange peel for the production of α-amylase belonging to the hydrolase 
group, due to the wide range of usage areas and the ability to be obtained 
from microorganisms. The highest yield of α-amylase was produced from 
banana peels with 1500 μm particle size at temperature 50 °C, acidity at 6 
and 24 hours. This recylcing, which can prevent environmental pollution, 
has shown that the waste of banana fruit with high production is too 
valuable to be garbage [11].

In order not to lose the high antioxidants contained in olive and olive 
kernels, which are the waste of olive and olive oil, which are produced in 
our country, bioconversion has been achieved by drying with the freeze 
drying method and microencapsulation, and a powder product that can be 
used both functionally and as a natural additive has been obtained [12].

The effects of parameters such as mushroom mycelium growth, 
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productivity, biological efficiency, time, harvest time on compost were 
determined by mixing oak sawdust with certain percentages of industrial 
olive pulp wastes and yarn factory wastes. The highest efficiency means 
having the highest C/N ratio. Pleurotus ostreatus (oyster mushroom) 
grown on 75% oak sawdust + 25% olive pulp and 75% oak sawdust + 25% 
yarn waste was found to be positive morphologically [13].

The red peel waste of pistachio (Pistacia vera), which is a popular 
product in the Southeastern Region of Turkey, was determined as raw 
material. In the production of cultivated mushrooms (Agaricus Bisporus 
(L.) Sing), it has been determined that the fermented pistachio shell 
compost of 25% can be used in cultivated mushroom cultivation, mixed 
with different ratios as compost [14].

A study was conducted on the culture of Lentinus sajor-caju (Fr.) 
Fr., which is included in the oyster mushroom group, as compost of 
lignocellulosic wastes such as clover straw (T. repens), wheat straw and 
paper waste. It has been determined that two months is ideal time for 
compost to be produced by breeding the main mycelium culture of Lentinus 
sajor-caju (Fr.) Fr. and producing seed mycelium, and so a positive result 
has been obtained [15].

Tea, which is one of the most consumed beverages in our country, 
has a lot of waste. A study was conducted on the biosorption of Cu2+ ion 
from wastewater and it was determined that tea waste is a good sorbent 
with the Langmuir isotherm model from the adsorption isotherm models 
(Langmuir, Freundlich and DubininRadushkevic) [16]. 

It has been determined that composting of waste mushroom compost 
and tea waste organic fertilizers and inorganic fertilizers provides benefits 
as fertilizer for fenugreek plant (Trigonella Foenum Graecum) cultivation. 
It has been stated as a study that the waste mushroom compost and tea 
wastes generated after the harvest in mushroom production will provide 
positive environmental and economic benefits [17].

Heavy metals are found in high amounts in wastewater, negatively 
affecting human health and the environment. It is essential to remove heavy 
metals from these waters. Heavy metal biosorption is more economical 
thanks to the easy availability of agricultural and food wastes. Black cumin 
pulp was used to remove Fe (III) ion from wastewater and high efficiency 
was obtained with the Langmuir isotherm model [18].

On the determination of citrus wastes and citrus seeds as biomass, 
the possibility of using them for the production of pyrolysis oil, which is 
bio oil, by the thermochemical process, pyrolysis, was investigated. It was 
determined that the pyrolysis oil obtained was close to the diesel engine [19].
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Biomass was determined as sugar beet, opium poppy pulp and rice 
hulls. As a result of using these biomass separately, double and triple 
pairings and the most preferred pyrolysis and co-pyrolysis applications, 
bio oil structures were examined, compared and different values   of bio oil 
were obtained by using GC-MS (Gas Chromatograph Mass Spectrometer), 
FT-IR Spectrometer and Calorimeter [20].

Solid, liquid and gas efficiencies were evaluated by pyrolysis 
application at different temperatures by mixing Arguvan lignite with 
low calorific value and walnut shell from Hekimhan region, and it was 
concluded that the solid product produced could be used as a smokeless 
fuel to reduce environmental pollution [21].

Some Clostridium species metabolize air polluting gases such as CO, 
CO2, N2, H2. They are take charge in the direct production of bioethanol, 
a renewable energy. Dried fruit and vegetable wastes in lignocellulosic 
structure were converted into biochar and for the waste gas released as a 
by-product in the pyrolysis of wastes, heat pretreatment was applied to the 
mixed culture containing Methanogens, Archaea species and Clostridium 
species and bioethanol was produced. By obtaining both biochar and 
bioethanol, the conversion of food wastes such as fruits and vegetables 
into energy has been realized [22].

Pomegranate pulp (Punica Granatum L.), chestnut peel (Castanea 
sativa Mill), clover stalks (Medicado sativa L.) and common reed 
(Phramites australis) determined as biomass, polyvinyl chloride and 
plastic raw materials with expired shelf life, mixed in different proportions. 
and it was subjected to pyrolysis process by thermogravimetric analysis 
method. Subsequently, the resulting products were characterized by FT-IR, 
elemental analysis and GC-MS methods, and it was concluded that they 
could be converted into chemicals that would not harm the environment 
[23].

The olive pulp sample taken from the food factory producing olive oil 
was fermented with various bacteria in an oxygen-free medium. At the end 
of the fermentation, biogas and hydrogen production studies were carried 
out at room conditions with economical and low energy. Subsequently, 
it was observed that the yield increased depending on the substrate 
concentration [24].

Method

Biogas Production

Biogas is the flammable gas obtained in the form of CH4 and CO2 
under anaerobic conditions (oxygen-free environment) as a result of the 
determination of plant wastes such as biological wastes, industrial organic 
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food wastes, corn and sugar beet as biomass. Since CH4 (methane) gas 
creates 23 times more greenhouse effect than CO2 (carbon dioxide) gas, 
the damage to the environment is reduced by converting waste into biogas 
[25].

Biogas converted from organic waste is biomass, also known biomass 
energy [26].

By producing biogas from waste;

 Reduction of odor, that is a problem, during the prosess,

 Protection of water resources,

 Destruction of pathogenic microorganisms and wild plants,

 Prevention the reproduction of insects and flies,

 It contributes positively to the environment in reducing greenhouse 
gas emissions [27].

Biogas production from food waste depends on the composition of the 
food waste, the C/N ratio, acidity and buffer capacity, temperature, and the 
presence of alternative electron acceptors [27].

Biogas usage areas; generation of heat, steam generator, electric 
generation (fuel cells, cogeneration, gas turbine + generator), vehicle fuels, 
feeding for the natural gas line, and chemical production [27].

Compost

It is called composting when food wastes with organic content 
gain a soil-like structure (compost) by utilizing aerobic and anaerobic 
microorganisms. This method, which accelerates the integration of waste 
with nature and is useful for the field of agriculture, is one of the effective 
methods in the recycling of food wastes [28].

Advantages of composting;

 Stabilize the soil by increasing efficiency of soil,

 Can be used commercially,

 Affects fertilizer processing positively,

 Affects land applications positively,

 It does not pollute the soil,

 Inactivates pathogens,

 Used as bedding material for animals,

 It does not contain microorganisms that will cause disease,
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 A transaction fee is provided for farmers.

Disadvantages of composting;

 Increase in time and money for large and medium farms, 

 Great/large area requirement, 

 Odor formed before the final stage,

 Necessity of optimum air conditions,

 Marketing need for sales,

 Loss of N (Nitrogen) value,

 Diversion of waste from soil,

 Exclusion from the farm group,

 Slow release of materials in the compost [28].

Various wastes such as household food waste, fish waste, 
slaughterhouse waste, by-products and wastes generated during food 
production processing, leaves, polluted water, dry grass can be recycled by 
using compost method [29].

Pyrolysis

Pyrolysis takes place in thermochemical processes, which is one of the 
energy production technologies from biomass. It is the process of obtaining 
gas as a result of the decomposition of the organic content of the biomass 
under anaerobic conditions. Solid, liquid and gaseous products are formed 
thanks to the pyrolysis process [30].

The liquid product formed as a result of the pyrolysis process is bio 
oil.

The parameters for pyrolysis; temperature, The rate of heating, 
pressure, particle size, medium for pyrolysis, catalysis and residence time 
[31].

Advantages of pyrolysis;

 There is no need for large area for storage,

 It can produce with very high capacity,

 High opportunities of end product marketing,

 It provide reduction of water pollution,

 Its efficiency and its speed are high,
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 Provides the usage of various raw materials, is easy and 
economical,

It ensures that the energy production is local [32].

Solid State Fermentation

Solid state (substrate) fermentation (SSF) is generally defined as the 
growth of microorganisms on solids in the absence or very little free water. 
There must be sufficient moisture in the solid matrix in the substrate form 
[33].

Solid state fermentation processes are an effective method in waste 
area [33]. It provides fermentation of water-insoluble substrates [34]. 
The solid state method can be applied to the development of bioreactors 
(fermentors), modeling and production of various microbial products, with 
food, feed, various primary and secondary metabolites (enzymes, organic 
acids, amino acids) and bioprocesses such as bioleaching, biopulping, 
bioremediation, biobeneficiation [35].

For solid state fermentation;

 The parameters for microbial activity (microbial selection, pH, 
oxygen level..),

 The necessary parameters for the fermentation to occur on the 
solid substrate (selection of substrate, substrate particle  size, substrate 
moisture contents…),

 Water availability for solid state fermentation; (moisture activity, 
temperature, water binding feature…),

 Purification of the final product is necessary [36, 37].

Conclusion 

So far, a lot of work has been done in biotechnology and machine 
education [38-58]. In this article, In the recycling of food waste, different 
products that can be used in many areas are obtained with biotechnological 
methods. When looking at the diversity of academic studies and the end 
or by-products of the developed technologies, useful products that can 
be used in the industrial field are obtained. Thanks to the studies carried 
out, food waste, which is too precious to be thrown away, changes the 
perspective of the society.

As a result of the researches; It is important that the number of recycling 
facilities established for the bioconversion of food organic wastes in our 
country is low. With the intense execution of the projects; it is essential 
that people, families and even students in schools gain awareness at a child 
age. As a result of the food waste in households being 61%, families should 
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separate their food and deliver it to the areas determined by the states [38].

It is not difficult to transform into a Turkey that targets quality. 
According to the hierarchical order, the state, ministries, municipalities 
and NGOs (Non-Governmental Organization) can operate in this field 
and guide the public. Activities, projects and actions that can be organized 
with media organs,  social organization, seminars and conferences should 
be organized continuously. Waste collection areas where food waste can 
be collected in cities and even in villages should be fixed and collections 
should be made by municipalities without delay.

Every level we take for a better life and future is vital. The possibility 
of bioconversion should be emphasized and implemented quite frequently 
in order to encourage the producer, the consumer and the laws in line with 
the wastes and by-products of each consumed product.

With the recycling and repeated use of food waste, the interest in 
food will regain the value it deserves by people. The importance and vital 
value of food will take its place at the top as it should be. Many projects 
that have been put into action with many studies will be rewarded and it 
will be understood that food is not a product that can only be bought with 
money and thrown away. Otherwise, it will not be difficult for humanity 
to accelerate the end of the world, to prevent sustainability, to darken the 
future for tomorrow. 
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Introduction

In its most basic form, it was aimed to write the BIRCH algorithm 
in this study, and it was implemented on job postings. C# language was 
chosen for coding and Object-Oriented coding was performed. There are 
two types of learning methods used in the field of Machine Learning. The 
main target learning method for the projects is Unsupervised Learning. 
With the clustering method, previously unlabeled data is divided into 
groups. In clustering the data, common features are used so that similar 
and close data groups are created, and each data is defined.

Balanced Iterative Reducing and Clustering using Hierarchies 
(BIRCH) clustering method was chosen for the projects. This stream 
mining algorithm has been used for several areas like medical (Barham, 
2020), traffic simulation (Dimara et al., 2020), finance (Huang, 2020) 
and recommender systems (Katarya & Saini, 2021; Tsarouchis et al., 
2021). Also, this algorithm gives successful results on Natural Language 
Processing studies (Yilmaz et al., 2019; Gündoğan & Kaya, 2021) and Big 
Data studies (Ramadhani et al., 2020; Fakir & El Iklil, 2021). It basically 
uses the hierarchical property of the tree structure to re-cluster larger and 
previously clustered data groups. Clustering is done by calculating the 
distances of various metric features of existing clusters. Thus, the clusters 
that form more densely are called Clustering Feature (CF). Due to its tree 
property, the root node consists of non-leaf nodes and leaf nodes. The 
maximum number of records that each cluster can contain and the number 
of entries that the CF tree, that is, the node, will have are determined 
as parameters. New entries are formed at the root node and clusters are 
started to be placed into these entries according to their distance from each 
other. The most important step is the distance calculation to be made for 
the new record according to the metrics belonging to that cluster, and this 
calculation is made with all the entries belonging to the root and the closest 
entry is determined. In line with the given parameters, as soon as there are 
entries with enough clusters and nodes with enough entries, the tree starts 
to branch, and new nodes are formed by using the tree structure. In this 
way, nodes are formed by branching; there are entries in the nodes and 
clusters in each entry. With each new record that finds a suitable set and 
settles in, the entry and the hierarchical center points of the entry within the 
parent nodes are updated. The number of center points is the same as the 
metric properties belonging to the clusters. As a result, this algorithm is the 
clustered state of the clusters (Gupta, 2021). All the elements that form the 
basis of the BIRCH algorithm are shown in Figure 1.
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Figure 1. The elements of the system

1. BIRCH Algorithm Coding

5 classes were created: Centroid, Entry, Node, Birch and Program. To 
perform the algorithm, the smallest unit of structure, the class Centroid, 
was created to hold each record in Figure 2, shown above. Considering that 
each record is a centroid, the entire data set was scanned, and a new centroid 
was created for each. As seen in the figure, the necessary parameters for 
the centroid name, number of samples in the cluster, X and Y sums were 
defined for each centroid. For each new record to be placed in the tree and 
to determine my position in the tree correctly, a special and updateable 
“Closest” parameter was defined for each centroid.

Figure 2. Centroid class

The next class Entry is shown in Figure 3. The task of the entry is 
to take as many centroids as possible. Thus, the clusters are clustered 
within themselves, and their own center points are also updated. “Id” and 
“EntryId” were defined in order to statically assign an id to each entry, so 
that special naming was given to each of them, such as “Entry1, Entry2...” 
for example. Since it will contain centroids, a Centroid-type “CentroidList” 
list has been created. With “MaxInstanceNumber”, the number of samples 
it can contain has been determined. The “CurrentInstance” parameter was 
defined for the “X” and “Y” center points and to keep the current sample 
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number in it that plays a role in determining these points. These parameters 
were used while creating each new entry. As the nodes start to fill up and 
new entries will be created for each entry as soon as the branching occurs, 
the Entry-type “EntryOfEntry” list was created.

Figure 3. Entry class
The first function of the Entry class, IsAvaliable, is shown on Figure 4. 

Figure 4. IsAvaliable function

If the new incoming centroid is placed in it as a parameter, it checks 
whether the maximum number of samples is exceeded. If not, bool is 
returned false. As soon as the true bool returns, the centroid will be placed 
in the list and the NewCenterEntry function has been created in order to 
determine the current center point of the entry, as shown in Figure 5. The 
centroid list of the inserted entry was completely navigated, and the total 
x, y and number of samples were determined. Center points were updated 
by dividing the total x and y by the total number of samples. There are 
parent entries to which the center points of each entry are connected as 
they should be updated within themselves. After the appropriate node and 
the appropriate entry in the node were determined and placed, the center 
update was made for the parent node. As seen in Figure 6, the entry list 
belonging to the entry was scrolled and the x, y and number of samples of 
the centroids in each connected entry were collected. Center points were 
updated by dividing the total x and y by the total number of samples.
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Figure 5. NewCenterEntry method

There are parent entries to which the center points of each entry 
are connected as they should be updated within themselves. After the 
appropriate node and the appropriate entry in the node were determined 
and placed, the center update was made for the parent node. As seen in 
Figure 6, the entry list belonging to the entry was scrolled and the x, y 
and number of samples of the centroids in each connected entry were 
collected. Center points were updated by dividing the total x and y by the 
total number of samples.

Figure 6. NewCenterParent method

The last method of the Entry class is the NewCurrentInstance method 
on Figure 7. It was aimed to update the number of instances of the entry. 
As shown in the figure, the current sample number is obtained by taking 
the number of samples from the settled centroid.

Figure 7. NewCurrentInstances method
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Another class shown on Figure 8 is Node. Since the tree structure is 
used, nodes are needed to create the structure.

Figure 8. Node class

Each node that will form the tree structure has a list of entry type. 
Based on the BIRCH algorithm, the “MaxEntryNumber” variable and 
accordingly the “Available” parameter in bool type were created to keep 
the maximum number that each node can take into it. In order to complete 
the tree structure, all nodes except the root node are expected to have parent 
and child nodes. To perform this task, a Node type “ParentNode” and a 
Node type List “ChildNode” were created. The only function belonging to 
this class is the IsAvaliable function, as seen in Figure 9. It checks both the 
entry list in the node and the entries that the entry has.

Figure 9. IsAvaliable function

In order to realize this application, the remaining two classes are the 
Birch class and the Program class. The Birch class, which is one of these 
two classes working in conjunction with each other, has methods and 
functions for the implementation of the application. As shown in Figure 11 
above, firstly, “MaxInstanceNumber” and “MaxEntryNumber” variables 
were created upon shaping the algorithm and thus the tree. In the Program 
class, which is the class that contains an object main function from the 
Birch class, after the maximum number of instances and the maximum 
number of entries are given and the tree is created, the root node must be 
created to begin the creation of the tree, and a “ParentNode” of Node type 
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was created in it. After this stage, the “Insert” method was created for the 
insertion process. 

Figure 10. Birch class

The parameters required for the Insert method shown in Figure 11 
are the centroid name, the number of samples the centroid has, and the 
x and y values   to be used in the center calculation. As the first operation, 
the centroid object was created with the incoming parameters to make 
it ready for placement. It was checked whether the root node is null for 
the new centroids to be placed on the root node first. If the root node is 
null, no insertion has been made in the tree yet. In this condition, first 
a ParentNode object and then a new Entry object for the new incoming 
centroid is created. It was added to the Centroid entry with the Add method 
and this entry object was added to the EntryList owned by the ParentNode. 
In the case where the ParentNode was created, it was first checked whether 
the node is suitable for nesting. In case the suitability was positive, the 
necessary parameters were sent to the Placement method in the Birch class.

Figure 11. Insert method – part 1

The first operation performed in the Placement method shown in 
Figure 12, which takes the root node, the entry list owned by the root node 
and the newly created centroid as a parameter, is the calculation of the 
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distances between the current node and the entries owned by the node 
and the newly created centroid. The distances will be calculated, and the 
centroid will be placed in the cluster with the closest features. With the 
FindClosest function in the Birch class, the index of the closest entry was 
found, and the closest variable of the centroid object was determined. In 
the next step, the number of samples existing in the closest entry and the 
number of samples owned by the newly created centroid were collected. 
If the entry is still suitable, the centroid was placed in the closest entry. 
In case the eligibility condition is not met, that is, the entry contains the 
maximum number of samples; the new entry into the node was checked 
this time. When appropriate, a new entry was created, the new centroid was 
added to this entry, and this entry was inserted into the entry list owned by 
the node. By giving the index of the entry to which, the centroid is closest 
as a parameter to the Insert function of the list, it is brought to a position 
side by side with the entry that is closest in the list. If there are other entries 
in it, an index has been shifted thanks to the Insert function.

Figure 12. Placement method

The FindClosest function in the Placement method is as shown in 
Figure 13. Entry list and newly created centroid are sent as parameters 
to this function. It was navigated through the entry list and its distances 
with the centroid were calculated. The CalculateDistance function was 
used for this calculation. Entry and centroid were sent as parameters. 
Both the entry has its own center points, and the centroid has its own x 
and y values. Manhattan Distance is used in this function to calculate the 
distance. After the distance is returned, the comparison was made in the 
FindClosest function, and the closest index found was returned to the 
Placement function.
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Figure 13. FindClosest and CalculateDistance functions

If the newly created centroid fails to settle in the root node, different 
actions are required. For this, as shown in Figure 14, it was first checked 
whether the node has a child node. If the child node is not found, the 
operation to be done is the fragmentation operation. The SplitManagement 
method was created to split the tree, and the node, the entry list of the node 
and the centroid were sent as parameters.

Figure 14. Insert method – part 2

In order to break up the node, the SplitManagement method consisted 
of two parts. The first part is as shown in Figure 15. 

Figure 15. SplitManagement function – part 1
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There is a centroid that cannot be in the hand. Since the node is divided 
into two child nodes, left and right, it must first find the entry that this 
centroid is close to. The closest entry index was detected with FindClosest. 
For the fragmentation to be done correctly, the index “splitIndex” variable 
to be fragmented was determined according to whether there is an odd 
or even number of entries in the node. “Left” and “right” objects were 
created for the main entries that will be used for the broken node. The 
entries belonging to the node were added in order into the “left” entry 
object before the Index that needed to be broken down. After the index that 
needs to be broken down, the remaining entries belonging to the node are 
added to the “right” entry object in order.

The second part of the SplitManagement method, as shown in Figure 
16, exists to place the newly created centroid in the correct position in the 
entry list belonging to the “right” entry object, which is the main entry 
for the split tree. At the beginning of the SplitManagement method, the 
entry to which the new centroid is closest was found. In this way, if the 
splitIndex is close to a previous entry, it is inserted as the first element in 
the Entry type list of the “right” entry. If the splitIndex is greater than and 
equal to, the insert operation was performed side by side with the entry it is 
close to. At this stage, after the placement was made, the NewCenterParent 
function was used for “left” and “right” entries to update the center points 
with the current entries they contain. The last remaining operation is the 
node assignment with these new main entries and the entry lists they have. 
For this, the Split method was created.

Figure 16. SplitManagement function – part 2

The Split method of the Birch class is shown in Figure 17. The left 
entry and the right entry, which will belong to the node and the children of 
the node, are given as parameters. A node named “leftNonLeaf” and a node 
named “rightNonLeaf” were created as Node objects. A “left” entry was 
inserted into the left node, and a “right” entry was inserted into the right 
node. As shown in Figure 8, a list named ChildNode of Node type was 
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created within the Node class. Left child was determined as index 0 and 
right child as index 1. Child nodes have been added to the specific node 
sent as a parameter. “ParentNode” was determined for the parent node of 
these added child nodes. Thus, the fragmentation process was performed.

Figure 17. Split method
Another case for the Insert method is shown in Figure 18. It is the 

case where nodes starting from the root node have child nodes. In this 
section, all nodes are traversed. The left and right children of the current 
node are taken. This loop continues until the centroid finds and settles in 
the while loop. The distance between the centroid created at the beginning 
of the cycle and the main entry of the left and right child was calculated. 
As the first case, the case where it is closer to the left entry was consi-
dered. If there is no child node belonging to the left node, the placement 
process was performed with the Placement method. Updated center points 
have been obtained after adding with NewCenterParent. If the node being 
processed is full, perform the fragmentation operation on that node with 
the SplitManagement function. If there are children of the left node, left 
and right child nodes of the “leftNonLeaf” node are assigned to the “left-
NonLeaf” and “rightNonLeaf” nodes created before the loop, and the loop 
is returned with continue.

Figure 18. Insert method – part 3
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The same operation was performed even if the newly arrived centroid 
was closer to the right node, as shown in Figure 19. How many child nodes 
there are, until it finds a suitable position, it returns to the beginning of the 
loop with continue and the left or right node is traversed according to the 
proximity. When the insertion is done, the loop is broken with break and 
the Insert method is complete.

Figure 19. Insert method – part 4

After the Insert method and other functions related to this method in 
the Birch class are completed, the data set reading process from the file 
that will take place in the Program class has been started. As shown in 
Figure 20, the necessary variables for reading from the file in main have 
been created. The object belonging to the Birch class was created and the 
maximum number of entries was 3 and the maximum number of samples 
was 100 as a parameter. Each line of the file is read, and each comma-
separated variable is given as a parameter to the Insert function. The entire 
file has been read and all centroids have been placed in the tree.

Figure 20. Reading data set from file and Insert
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Another process for the application is the Print method. In the first 
stage, a tree structure with leaves was considered. Figure 21 shows 
a recursive function. A recursive function is required to traverse all the 
leaves of the tree over the non-leaf nodes. The tree is started from the left 
child node owned by the root node. It continues until the left child node is 
null, that is, until the child node is not a child node. As soon as there was 
no child node, the entry list in that node was browsed and the centroids 
in the entries were found and each of them was written on the screen. In 
addition, the center of each cluster was written on the screen as x and y. 
Then, the right child of the child node is checked. The same procedure 
was performed for him. In this nested function, each one from the leftmost 
cluster to the rightmost cluster was written on the screen, respectively.

Figure 21. PrintLeafNodes recursive function

In the second stage, it was thought that only the root node existed. 
Figure 22 belongs to the Print method. It was checked if root node is child 
node. If not, the entry list of the root node is searched, and each centroid is 
written to the screen. If the root node has children, the “ParentNode” root 
node is sent as a parameter to the PrintLeafNodes recursive function, and 
the process of writing to the screen is completed.
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Figure 22. Print method

The data set in Figure 23 was used for the print method. Also, Figure 
23 shows the result of calling the Print function inside the main method of 
the Program class after the Insert operation.

 
Figure 23. The output of print method

The last process for this application is the Search method. In the first 
stage, a tree structure with leaves was considered. A recursive function is 
shown in Figure 24. This function took a node and a Centroid object named 
“searchCentroid” as parameters. This object is the centroid that the user 
wants to search in the tree. As in the print operation, each one is looped 
through, starting from the left until the nodes have no children. When the 
leaf nodes were reached, each centroid of each entry in the entry list they 
had was compared with the “searchCentroid”. 
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Figure 24. SearchTree recursive function

In the case where the number of instances and the x and y values   are 
the same, the “FoundCentroid” object, which is created globally within the 
Birch class, is determined here. Thus, if the tree is completely traversed 
and the searched centroid is not found, it is understood that it is not found 
if it remains null. In case of a match, the cluster in which the centroid is 
located and the “SearchTreeCounter” defined as statically globally in the 
Birch class, is also written to the screen.

In the second stage of the search process, only the root node was 
considered to exist. The Search method is shown in Figure 25. It is 
checked if root node is child node. If not, the entry list of the root node 
was searched, and each centroid was compared with the “searchCentroid”. 
When Centroid is found, necessary information is written on the screen. If 
the root node has children, “ParentNode” root node and “searchCentroid” 
are sent as parameters to the SearchTreeNodes recursive function and the 
search is performed. If Centroid is not found, the required information is 
written on the screen.
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Figure 25. Search method

A different dataset was used as output. A Search operation was 
performed for an object named “searchCentroid”, which is shown in Figure 
26, which exists in this data set. First, print operation was performed for 
the existing data set in the output. For the centroid, which is understood to 
be in the first cluster from here, it was determined that the centroid sought 
in the last line of the output of Figure 27 was the same as the c10 centroid 
and was included in the first cluster, and it was printed on the screen.

Figure 26. The output of Search method

2. BIRCH Algorithm Tests

After the BIRCH algorithm was coded, different datasets were selected 
for the application part. The first part of the application was coded on 
Python and its purpose is to apply K-Means clustering on the data at hand, 
and then to apply clustering again with the updated and modified BIRCH 
algorithm on the newly formed clusters on C#. After the re-clustering is 
completed, it is aimed to perform a test phase on a different data set, then 
to enter a new job posting in addition to the Search function and to suggest 
to the user. The data sets consisting of three parts belong to Kariyer.net. 
The first data set called “texts” was created by collecting job postings in 
different fields. The second dataset acts as a corpus called “titles”, which 
consists of different and descriptive words. The third data set consists of 1s 
and 0s about which word the job advertisements named “outfile” contain 
in the corpus according to the second data set. As the first step on Python, 
for the K-Means clustering algorithm, operations were started on these 
three data sets sequentially and the “outfile” file was read first, as shown in 
Figure 27. It was determined that there were 3039 pieces of data in the file.
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Figure 27. Reading outfile

As shown in Figure 28, the “headings” file was also read and it was 
determined that there were 2529 data, namely words, in the file.

Figure 28. Reading headers file

Column names were taken from the “headings” file in the process of 
creating the data set, which will be used primarily for the cluster operation, 
which is the next stage, and thus a total of 2529 column numbers were 
obtained. In order to fill the lines, 3039 lines of data belonging to the 
“outfile” file and 2529 pieces of 1 or 0’s separated by a space in each data 
are made suitable for creating dataframes. The dataframe created in Figure 
29 was later converted to csv format and is now ready to be used in the 
K-Means clustering method.

Figure 29. Dataframe creation
The newly formed dataset is shown on Figure 30.

Figure 30. The generated dataframe

K-Means is one of the clustering algorithms and another unsupervised 
learning method. In this algorithm, which works by taking k clusters as 
parameters, k center points are randomly selected as the center in the data 
body. In this algorithm, each data is clustered according to their proximity 
to the selected center points. The clusters are updated with the data in 
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the center points and clustering is done again with the new center points. 
This process continues until there is no change in the center points of the 
clusters [3] (Figure 31).

Figure 31. K-Means operations

The prepared data set was subjected to this algorithm. As a result of 
previous tests on the number of clusters to be formed, 302 as the optimal 
number of the cluster was chosen as the elbow point among the different 
cluster numbers. Then, with the “fit_predict” function, first the cluster 
centers were calculated, and it was determined which cluster each sample 
belonging to the resulting data set was in. On Figure 32, the clusters in 
which the first 10 samples are located after the estimation process is shown 
[4].

Figure 32. Distribution of instances in clusters

Clusters have center points. Considering that there are 2529 columns 
in the resulting data set, each cluster formed has 2529 center points. After 
the calculation, some of the center points are shown with the “cluster_
centers_” function on Figure 33.

Figure 33. Center points of clusters

Then, as shown in Figure 34, the advertisements in each cluster were 
made into a list.
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Figure 34. Conversion of job-ads sets to lists

First, a new “txt” file was created, as seen in Figure 35, in order to 
create the file that will be used on C#, which is the last step with this list. 
First, the cluster name was assigned in a loop so that it would go through 
all the clusters. With the list of announcements belonging to the clusters 
obtained in the previous stage, each advertisement has been added, and 
finally, the “cluster_centers_” function has been added to the existing 2529 
center points for each cluster.

Figure 35. Generating “txt” file for BIRCH algorithm

The example of the first cluster from the file created as the last step is 
shown on Figure 36. After that the data set was saved as “ads.txt”.

Figure 36. A new file sample
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3. Conclusion

BIRCH algorithm, which is a stream mining algorithm, was used in 
this project. Job postings and three different data sets in total, shaped by 
these job postings, were determined to be studied. The task of each data set 
and the link between them were examined. Python was worked on for the 
first part of the application. Before the first cluster operation, the available 
data sets were made available. A dataframe was created with the first data 
set, which was shaped so that each text of job postings could use its own 
features as metrics, and the data set for the words that make up a corpus in 
order for these texts to have metric properties.

For the first stage, the K-Means clustering algorithm was investigated. 
Afterwards, the first clustering operation was performed by using the 
library on Python with the optimally selected number of clusters. The 
resulting 302 clusters were analyzed with the help of functions from the 
library.

With the completion of this stage, a new data set was created. The 
clusters from the K-Means operation were retrieved. A new data set was 
created by taking the cluster name for each, the indexes of the job postings 
they contain, and the center points of each cluster. Thus, a total of 3039 job 
postings were clustered and a new data set was created with 302 clusters 
consisting of these.

For the second part, a start was made on C#. All implementations were 
completed in C# by planning for the required new classes and functions.



 .199Research & Reviews in Engineering

References

Barham, M. M. (2020). An Improved BIRCH Algorithm for Breast Cancer Clus-
tering (Doctoral dissertation, Middle East University).

Dimara, A., Triantafyllidis, D., Krinidis, S., Kitsikoudis, K., Ioannidis, D., An-
tipas, S., & Tzovaras, D. (2020, December). Fusing Birch with G. Boos-
ting for improving temporal traffic congestion tailored to port gates: Case 
Study in Patras, Greece. In 2020 IEEE 17th International Conference on 
Smart Communities: Improving Quality of Life Using ICT, IoT and AI 
(HONET) (pp. 1-5). IEEE.

Fakir, Y., & El Iklil, J. (2021, May). Clustering Techniques for Big Data Mi-
ning. In International Conference on Business Intelligence (pp. 183-200). 
Springer, Cham.

Gupta, A., “Balanced iterative reducing and clustering using hierarchies - birch,” 
Medium, 03-Jun-2021. [Online]. Available: https://medium.com/geek-
culture/balanced-iterative-reducing-and-clustering-using-hierarchies-bir-
ch-1428bb06bb38.

Gündoğan, E., & Kaya, M., (2021), Konu benzerliğine dayalı makale tavsiye 
sistemi. Computer Science, (Special), 175-183.

Hatipoglu, E., “Machine learning - clustering (Kümeleme) - K-means algorit-
hm -hierarchical clustering” Medium, 15-Jul-2018. [Online]. Available: 
https://medium.com/@ekrem.hatipoglu/machine-learning-clustering-k%-
C3%BCmeleme-k-means-algorithm-part-13-be33aeef4fc8. [Accessed: 
10-Oct-2021]

Huang, Y. (2020). Financial Investment Recommendation in Coastal Areas Based 
on Improved Clustering Algorithm. Journal of Coastal Research, 110(SI), 
215-218.

Katarya, R., & Saini, R. (2021). Enhancing the wine tasting experience using 
greedy clustering wine recommender system. Multimedia Tools and App-
lications, 1-34.

Ramadhani, F., Zarlis, M., & Suwilo, S. (2020). Improve BIRCH algorithm for 
big data clustering. In IOP Conference Series: Materials Science and En-
gineering (Vol. 725, No. 1, p. 012090). IOP Publishing.

Scikit, “Sklearn.cluster.kmeans,”. [Online]. Available: https://scikit-learn.org/
stable/modules/generated/sklearn.cluster.KMeans.html. [Accessed: 10-
Oct-2021].

Tsarouchis, S. F., Vartholomaios, A. S., Bountouridis, I. P., Karafyllis, A., Chry-
sopoulos, A. C., & Mitkas, P. A. (2021, June). Science4Fashion: An Auto-
nomous Recommendation System for Fashion Designers. In IFIP Interna-
tional Conference on Artificial Intelligence Applications and Innovations 
(pp. 729-742). Springer, Cham.



Yunus Doğan, Feriştah Dalkiliç, Alp Kut, Kemal Can Kara, Uygar Takazoğlu200 .

Yilmaz, Z. A., Wang, S., Yang, W., Zhang, H., & Lin, J. (2019, November). App-
lying BERT to document retrieval with birch. In Proceedings of the 2019 
Conference on Empirical Methods in Natural Language Processing and 
the 9th International Joint Conference on Natural Language Processing 
(EMNLP-IJCNLP): System Demonstrations (pp. 19-24).



Chapter 12
INNOVATION PROCESS OF ELECTRIC VEHICLES
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1. INTRODUCTION

Considering with a global projection, one of the biggest problems for 
humanity is undoubtedly climate change. The most important source of 
the global climate change phenomenon, which is now felt by everyone, in 
other words, the source of global warming is fossil fuels that emit excessive 
amounts of carbon into the atmosphere (Zenk, 2018a). Unfortunately, the 
damage of these fossil fuels is not limited to the environment, but also in 
the form of a continuous increase in the prices of products and services in 
economic activities on a global scale. Limited natural reserves necessitate 
the use of renewable resources or, more precisely, clean and green energy, 
as an alternative to electricity generation using conventional methods based 
on oil and coal (Zenk, 2018b). Renewable energy sources are wind power 
(Guner et al., 2021), solar power (Zenk, 2019a), hydro power (Güner and 
Zenk, 2020), biofuel power (Şenol and Zenk, 2020), geothermic energy 
etc. However, years of studies have shown that it is more practical and 
easier to convert solar energy directly into electrical energy (Zenk and 
Akpinar, 2013a). On average, Europe’s energy consumption was around 
30 percent cleaner in 2020 than in 2015. The European Union aims to 
reduce carbon emissions by 50 percent by 2030. Similarly, the production 
and use of renewable energy has more than doubled in the last two decades 
in the United States. With the help of technological developments in the 
production phase, the cost of electricity produced from renewable energy 
sources is decreasing day by day (Zenk, 2019b), making renewable 
energy sources more attractive. It is very important for the continuation 
of all vitality that the classic vehicle industry with internal combustion 
engines, which is one of the sources that cause global warming by emitting 
harmful gases to the atmosphere, turns into an electric vehicle industry 
that uses electrical energy produced from renewable energy sources and 
has no harm to the environment. Then, any work that will improve the 
development of electric vehicles, improve their systems and eliminate 
their disadvantages against existing internal combustion engine vehicles is 
worthy of appreciation and support.

As it is known, electric vehicles are machines that provide the 
propulsion power by means of electric motors by taking the necessary 
energy for movement from the battery, in which the electrical energy 
previously produced from any energy source is stored by chemical 
methods. Although they are quieter and more environmentally friendly than 
conventional internal combustion vehicles, and they are more efficient due 
to their regenerative braking, the most important handicaps are the longer 
full charge time and shorter supply range.

It needs suitable power electronic circuits to convert the electrical 
energy in the charged battery groups of electric vehicles into AC or DC 



electrical energy at different amplitude levels required by the AC or DC 
motors it has by design.

If the driving power is to be provided by DC motors, a DC-DC 
converter is needed (Zenk, 2018c). These DC-DC converters are buck 
(Zenk, 2018d), boost (Rashid, 2017), buck-boost (Zenk, 2017), forward 
(Mohan et al., 2003), flyback (Zenk, 2018e), zeta (Zenk, 2018f), push-pull 
(Zenk, 2016a), Cuk (Zenk and Akpinar, 2014) or SEPIC (Zenk, 2016b). 
It can be provided with  type converters. Again, these converters are 
controlled with classical controllers such as P (Zenk et al., 2019), PI (Zenk 
and Altinkok, 2017), PD, PID (Zenk and Akpinar, 2013b) controller  or 
by using advanced control methods such as fuzzy logic (Zenk et al, 2011, 
and Zenk, 2020) artificial neural networks vector control based methods, 
model prediction control and genetic algorithms.

Electric vehicles (EV) and fossil fuel-consuming Internal Combustion 
Engine (ICE) vehicles, whose historical process will be explained in 
more detail, have recently been introduced to the market and have started 
economic competition. Until recently, the energy density obtained with 
battery technology was much less than the energy density obtained from 
fossil fuels, which made ICE vehicles more preferred by the end users 
and competition developed against electric vehicles. The emergence of 
environmental problems, the oil crisis and the limited oil reserves caused 
electric vehicles to attract attention and show a rapid development process 
in the last quarter of the 20th century. Today, various electric vehicles with 
different technologies have started to hit the roads, and EVs with many 
new technologies are being studied. It is possible to structurally classify 
electric vehicles as battery electric vehicles (BEV), hybrid vehicles (HEV) 
and fuel cell vehicles (FCV) (Kahveci, 2013).

2. BATTERY ELECTRIC VEHICLES 

2.1. History of Battery Electric Vehicles

It has started to develop since the end of the 18th century with a series 
of scientific advances in the field of electric vehicles, engine systems 
and batteries. This process, as a result of Luigi Galvani’s studies since 
the 1780s, was published in a book in 1791 with the name “Explaining 
the effect of electricity on muscle movement”, which he discovered 
using 2 metals and frog legs. By developing these works of Alessandra 
Volta, she managed to produce a current by arranging a circuit from two 
metals and a cloth or cardboard soaked in salt water. Volta begins with 
Alessandra Volta’s discovery of the non-rechargeable battery in 1800, as 
a result of a series of experiments on frogs, using copper and zinc discs 
instead of cloth and cardboard to increase electrolyte conductivity. Other 
researchers have called this basic battery the “Volta Battery”. Michael 



Faraday demonstrated the basic principle of today’s electric motors by 
using the Volta Battery in 1821. Accordingly, when current flows through 
the conductor in the magnetic field, a force acts on this conductor. In 1828 
Hungarian Ányos István Jedlik demonstrated the first device containing 
the three main components of practical direct current motors, the stator, 
rotor and commutator.

The first examples of electric vehicles date back to the 1830s in various 
sources. Of these, Scottish inventor Robert Anderson is known as the 
inventor of the first crude electric car. He became famous for releasing the 
first electric car prototype using non-rechargeable batteries (Graham et al., 
2018). While the exact date is uncertain, the years Robert Anderson made 
this remarkable breakthrough in science were between 1832 and 1839. In 
another study, American inventor Thomas Davenport developed a battery-
powered electric motor in 1834 and used it to power a small model car 
over a short distance. This vehicle was a small locomotive designed using 
two electromagnets, a pivot and a battery. This work paved the way for the 
electrification logic of trams. A short time later, Dutch chemistry professor 
and inventor Sibrandus Stratingh invented the first battery-electric vehicle, 
seen in Figure-1, in 1835.

Figure 1. One of the first electric vehicles (URL-1)

Non-rechargeable batteries were used as an energy source in these first 
electric vehicles and therefore they could not be commercially available. 
However, the development of rechargeable lead-acid batteries in 1859 led 



to commercially available electric vehicles.

 

                                a)                                                                        b)
Figure 2. a) Ayrton & Perry Electric Tricycle (Westbrook, 2001) and b) Replica 

(URL-2)

In 1882, Prof. William Ayrton and John Perry implemented the design 
with 2 large front wheels powered by an electric motor and a small rear 
wheel for steering. 10 lead-acid batteries were used in each of these 
vehicles. The range of the vehicle is between 16-20 km depending on the 
terrain and its maximum speed is 14 km/h.

Three years later, in 1885, Karl Benz developed the Benz Patent-
Motorwagen (“patented motor car”), shown in Figure 3. This vehicle is 



considered the world’s first motor-driven car to transport people and the 
world’s first motor-driven car to transport people.

Figure 3. The first ICE car (Benz Patent-Motorwagen), designed by Carl Benz in 
1885 (URL-3).

Towards the end of the 19th century, many companies in America, 
England and France started to produce electric vehicles. The most important 
of these manufacturers, Morris and Salomon in the USA, developed the 
electric vehicle called Electrobats, which was patented on August 31, 
1894, in 1895 with 2 seats (Tırıs, 2003). It was a slow, heavy vehicle built 
more like a smaller version of a tram than a battery powered car. The 
vehicle was indeed a very heavy wagon and at that time had steel tires to 
support the enormous weight caused by the new Lead Acid Battery. Morris 
and Salomon later founded Electric Carriage and Wagon Company, the 
country’s first electric car company. Morris and Salom produced 4 types of 
Electrobats. Steel tires were used to support the very heavy initial design, 
shown in Figure 4, and had a 1600 lb battery, 4250 lb overall weight, a 
speed of 15 miles per hour and a range of 50 miles.



Figure 4. The first design of the electric vehicle called Electrobats, made in 1894 
(URL-4).

As research increased, the weight of other models was reduced, 
making them much more useful. The second model has two 1.5 hp engines, 
pneumatic tires and a rear-wheel steering design, with a battery weight of 
640 lb and a total weight of 1650 lbs, with a speed of 32 km/h - a range of 
40 km per charge. The fourth prototype, shown in Figure 5, is lighter than 
the others and was produced in late 1895. Reaching two 75 lb engines, 
a 350 lb battery and a total weight of 800 lbs, this model was the most 
efficient of the designs, with a range of 20-25 miles at a speed of 15 miles 
per hour.



Figure 5. The fourth design of the electric vehicle called Electrobats, made in 
1895 (URL-4).

Developments in internal combustion engines are slower in the first 
years. An affordable gasoline-powered automobile could not be produced 
until 1885, when Karl Benz introduced the Motor Wagen in Germany. 
After this invention, both gasoline and electric vehicles began to be widely 
sold, while both faced different technological limitations (Power, 2010).

Internal combustion engines were extremely noisy, dirty, smelly and 
prone to mechanical problems. Also a bigger disadvantage was that they 
had to be started with the crank handle for them to work. This operation 
required both strength and quick reflexes, and injuries were commonplace 
when the crank arm hit the turner as the engine started. There was also the 
difficult aspect of driving an internal combustion vehicle, such as shifting 
gears (Uğur, 2011).

Compared to internal combustion engines, the biggest problem of 
electric vehicles was their short range. In addition, these vehicles were 
very heavy and much slower due to the high weight of the batteries.

Despite these disadvantages, the number of electric vehicles in 
America in the 1900s was almost twice the number of gasoline-powered 
vehicles. In 1912, sales peaked and electric vehicles became even more 
common than they are today. In 1918, around 50,000 electric vehicles were 
on the road in America.

However, in the following years, the color of the business began to 
change. Range problems of electric vehicles In the 1920s, the development 
of roads between cities in the United States created a demand for long 



range in consumers. One of the solutions to this problem was hybrid 
vehicles that combine the good aspects of electric vehicles and internal 
combustion engines. The petrol-electric hybrid car received a very positive 
response when it was first exhibited by Ferdinand Porsche at the Paris Fair. 
Soon, however, hybrid electric vehicles became a thing of the past due to 
the complexity of their systems and high production costs.

As a result, thanks to the technological and logistical developments in 
the early 1900s, vehicles with internal combustion engines eclipsed battery 
and hybrid vehicles. In the following process, it is seen that the sales of 
electric vehicles are constantly decreasing and eventually disappear from 
the market completely.

2.2. Battery Electric Vehicle Technologies

Possible configurations of rear-wheel drive battery vehicles with 
different powertrains are determined according to the connection positions 
of the basic elements in the vehicle and the energy flow methods. These 
configuration changes will necessitate that the differential type to be used 
in the vehicles, depending on the structure of the power transmission 
system, be mechanical or electronic.

The structure in which the electric motor is placed instead of the internal 
combustion engine of the traditional power transmission system is shown in 
Figure 6. In this structure, there are basically electric motor, clutch, gear group 
and mechanical differential. As it is known, the clutch is used to transmit the 
power of the electric motor to the wheels in a controlled manner. Thanks to 
the different gear ratios of the gear group, the speed-moment relationship 
required by the load is provided. The mechanical differential is responsible 
for turning the wheels at different but appropriate speeds for a stable ride 
when the vehicle enters the corner (Ehsani et al., 2018)

Differential

Electric motor

Clutch

Gear box

Battery

Energy flow direction

Figure 6. The structure in which the electric motor is placed instead of the rear-
wheel drive internal combustion engine



In Figure 7, a constant power electric motor is used over a wide speed 
range. The need for the clutch is reduced by using a fixed gearbox instead 
of a multiple gear. In this structure, besides reducing the size and weight of 
the mechanical transmission, the control of the power transmission system 
has become easier since there is no gear shifting event.

Differential

Electric motor

Fixed gear box

Battery

Energy flow direction

Figure 7. Rear-wheel drive clutchless, fixed gearbox construction.

The powertrain electric motor, fixed gear and mechanical differential 
in Figure 8 are all placed in the axis direction, thus simplifying and 
minimizing the powertrain.

Differential

Electric motor

Fixed gear box

Battery

Energy flow direction

Figure 8. Structure placed along the rear wheel drive axle.

In Figure 9., electronic differential is used instead of mechanical 
differential. By using one electric motor for each of the rear wheels, a better 
mobility of the vehicle is provided on straight and winding roads. While 



the vehicle is moving along the bend, the motors on the right and left turn 
the wheels according to the direction of the vehicle at a speed determined 
in accordance with the electronic differential algorithm.

Electric motorFixed Gear Battery

Energy flow direction

Figure 9. Rear wheel drive independent wheel motor structure.

In Figure 10, the drive is built into the wheels, like the motors, to 
further simplify the powertrain. This arrangement is referred to as “in-
wheel driving” in the literature. Fixed gear can be used to reduce engine 
speed and increase torque.

Electric 
motor

Fixed Gear

Battery

Fixed Gear

Energy flow direction

Figure 10. Rear wheel drive structure.

Figure 11 shows the structure where there is no mechanical gear 
between the electric motors and the drive wheels. The most important 
feature of the motors used here is that they are external rotors. These outer 
rotor motors should have low speed and high starting torque [38].



Electric motor

Battery

Electric motor

Battery

Energy flow direction

Figure 11. The structure using a rear wheel drive outer rotor motor.

3. HYBRID ELECTRIC VEHICLES (HEV)

Vehicles that use more than one type of energy as an energy source are 
called hybrid electric vehicles. Hybrid vehicles are designed with the aim of 
improving the range problem of electric vehicles and the carbon emission 
problems of ICE vehicles. One of the methods to be used to reduce carbon 
emissions is to use a fossil fuel engine that will produce low emissions 
regardless of the vehicle’s speed and acceleration, as another method, to 
ensure zero emissions by using only electrical energy when appropriate.

3.1. History of Hybrid Electric Vehicles

In the history of technology, it is accepted that the first hybrid design 
car called “Mixte-Wagen” was made by Ferdinand Porsche in 1902. 
Working with Ludwig Lohner, a Viennese phaeton manufacturer, Porsche 
produced an electric vehicle that can be classified in the serial hybrid 
vehicle category (URL-5). In the designed vehicle, it was based on the 
principle of converting the mechanical power produced by the internal 
combustion engine into electrical energy from a generator and converting 
it back into mechanical energy in four separate electric motors located on 
the wheels.



 
a)                                                                                              b)

Figure 12. a) The first hybrid vehicle in history (URL-6) and b) replica (URL-7)

There are many hybrid electric vehicles in the automotive market. 
Toyota’s Toyota Prius model, Honda’s Honda Insight model and Honda 
Civic Hybrid series are examples of hybrid vehicles. The answer to the 
question of whether hybrid vehicles can still completely replace classical 
ICE vehicles is related to how technology will evolve. The avoidance of 
automotive companies to meet the necessary technological investments 
and the lack of infrastructure to be created by filling stations to charge 
hybrid vehicles limit the share of hybrid vehicles in the automotive sales 
pie. In order to establish this infrastructure, governments need to invest 
significantly. Another obstacle to the widespread use of hybrid vehicles is 
the price disadvantage of conventional vehicles. On the other hand, many 
states have regulated their taxation system according to gas emission in 
order to encourage environmentalist vehicles. These countries are trying 
to eliminate the price disadvantage of green vehicles by making tax 
deductions for green vehicles and by taking additional taxes from non-
environmental vehicles (URL-8).

3.2. Hybrid Electric Vehicle Technologies

As it is known, hybrid electric vehicles (HEA) are vehicles with 
two energy sources, one main source and at least one auxiliary source. 
Generally, fossil fuels or hydrogen are used as the main energy source 
(MES), while chemical batteries, flywheels, and supercapacitors can be 
used as auxiliary energy sources (AES). Today, in HEA, fossil fuels are 
generally used as MES, and chemical batteries and supercapacities are 
used as AES.

Hybrid vehicles are designed in three structures: serial, parallel and 
serial-parallel. In order to use multiple energy sources efficiently, a central 
energy management system (EMS) is needed in the vehicle. EMS can 
sequentially activate MES, AES or both, using appropriate algorithms 



to provide the energy to move the vehicle. In order to increase vehicle 
efficiency, EMS manages the energy recovery with the dynamic braking 
method during braking, when going downhill or while driving at a constant 
speed on a flat road.

3.2.1. Series Hybrid Electric Vehicles

Series hybrid electric vehicles (SHEV) use only an electric motor 
as the propulsion motor. In terms of these features, they are similar to 
battery electric vehicles. The internal combustion (ICE) engine works in 
conjunction with a generator to supply the electric motor it needs to drive 
the vehicle. A general powertrain system of SHEV is given in Figure 13.

Electric motor

Battery

G

~- Inverter

Electrical
Energy Direction

Mechanical 
Energy Direction

Generator

Internal-combustion engine

Figure 13. Enhanced powertrain for rear-wheel drive or front-wheel drive SHEV

The control center of the serial hybrid vehicle is responsible for 
the operation of the EMS, evaluating the inputs and switching between 
the different operating modes. Since the volume of the ICE in a serial 
hybrid vehicle is only used for power transmission, it is smaller than 
in a conventional vehicle with the same features. The control system is 
operated within a certain range that will include the ICE, the point where 
the efficiency is highest. In this way, emission values   have been reduced 
both by reducing the volume and by providing continuous high efficiency 
operation. Auxiliary energy sources, on the other hand, can be used to drive 
the vehicle without using fossil fuels until the energy is depleted, except 
in situations that require sudden power such as sudden acceleration of the 
vehicle and climbing a hill. EMS also manages the recovery of energy 
when braking or going downhill.

In SHEA, since the ICE engine does not have a mechanical connection 
with the power transmission system, it can be placed anywhere, except 
the passenger cabin. This provides a lot of flexibility in the design of the 



vehicle. Using only the electric motor as the drive motor can eliminate 
the need for a gearbox. However, the mechanical, electrical and chemical 
energy conversion steps of these vehicles reduce their efficiency. Since 
SHEA also needs to meet the needs of urban use, electric drive motors and 
battery groups should be chosen quite large.

3.2.2. Parallel Hybrid Electric Vehicles

Parallel Hybrid Electric Vehicles (PHEV), unlike SHEV, provide their 
movement with both ICE and electric motor. In Figure 14. the structure of 
parallel hybrid vehicles in general is given.

Electric motor Battery

~- Inverter

Electrical
Energy Direction

Mechanical 
Energy Direction

Internal-combustion engine

Figure 14. An example of a PHEV rear-drive design.

In the PHEV design, unlike the SHEV design, there is a mechanical 
connection between the ICE and the wheels. In the PHEA design, ICE 
provides the general movement of the vehicle. The electric motor (EM) 
activates only as an aid in sudden accelerations and uphill climbs. Vehicle 
acceleration can be shared with both EM and ICE. For this reason, designs 
can be made with different power draw logic such as only EM Mode, 
only ICE Mode, ICE - EM power sharing mode. For these sudden power 
needs, they are met with a smaller powerful EM than the electric motor in 
SHEA. However, this engine does not have the power to move the vehicle 
alone. There is no need for an extra generator in PHEA. Thus, the energy 
conversion steps are reduced. Combining ICE and electric motor outputs 
with mechanical coupling complicates the control of PHEA under different 
operating conditions. Also, in Parallel Charge mode, the ICE can charge 
the batteries by operating the EM as a generator, while providing torque 
for traction.

Parallel Hybrid Electric Vehicles can be designed in different structures 
such as split shaft drive, common shaft drive, front and rear drive.



3.2.3. Series-Parallel Hybrid Electric Vehicle Configuration

This configuration, seen in Figure 15, includes more driving modes 
as it includes serial and parallel hybrid configurations separately. In this 
design, the system allows both serial Mode charging and power-sharing 
driving. That is, ICE cuts off the mechanical energy flow from the wheels 
when necessary and can only be connected to the generator to generate 
electrical energy.

Electric motor Battery

~- Inverter

Electrical
Energy Direction

Mechanical 
Energy Direction

Internal-combustion engine

G
Generator

 
Figure 15. Serial-Parallel HEV configuration.

3.3. Externally Rechargeable Hybrid Electric Vehicle Designs

The fact that the vehicle battery can be charged from an external 
source, that is, via the network, changes both the battery characteristics 
and the basic operating algorithm of the vehicle’s Energy Management 
System. Since electric vehicles have a very flexible design, although there 
is no definitive binding definition for any method, in rechargeable hybrid 
vehicles, the EM and battery system are designed to cover the entire drive 
as energy and power characteristics. ICE is used as a charge balancing 
unit, or in broader terms, for a range increasing purpose. There are even 
serial rechargeable hybrid electric vehicles in which the ICE is completely 
independent of wheel loads.

3.4. Hybrid Vehicle Energy Management Systems

Due to the efficient use of the limited battery capacity of a non-
rechargeable hybrid electric vehicle, it is operated in a limited charging 
range under constant voltage due to its battery life feature. The charge of 
the batteries in these vehicles oscillates between the maximum allowable 
balances (SOCmax) and the minimum charge balances (SOCmin), as seen 



in Figure 16. In simple illustration, a charge-heavy strategy can be chosen 
when the charge balance reaches the minimum value, otherwise a more 
EM-heavy driving strategy when the maximum charge is reached. This 
charging band, which can be used, corresponds to a small part of the total 
battery energy. The main reason for this is to extend the battery life.

Discharging Discharging

Charging Charging
Current (A) Voltage (V)

CycleCycle

Figure 16. Battery charge variation for non-rechargeable HEV.

A different strategy is used in series rechargeable hybrid electric 
vehicles. Since the charging of the vehicle is mostly with the help of the 
network, the consumption used for this charging is not taken into account 
in the in-vehicle energy balance. In this respect, all of the battery energy 
is used throughout the ride. Likewise, the power of the ICE is not large 
enough to fully charge the battery in most configurations. In this sense, 
battery energy and EM-based driving are generally used at longer ranges.
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Figure 17. Battery charge change for serial rechargeable hybrid electric 
vehicles.

Figure 17. shows the battery charge profile and strategies used for 
a typical rechargeable HEV. Until the charge reaches a certain value, 
while the vehicle is operating in the mode for charge consumption, charge 
balancing mode becomes active when the charge reaches a critical point. 
In this case, while the ICE starts to operate at more frequent intervals, 
the battery charge is released at a certain value. In de-charge mode, ICE 
is only used to respond to peak power requests. For serial rechargeable 
hybrid electric vehicles, the strategies and configurations are generally as 
explained above, but there are other applications as well.

4. EV Energy Storage Units

The main energy storage unit in electric vehicles, where the most 
advanced technologies in energy conversion are used, is undoubtedly the 
batteries that convert chemical energy into electrical energy. Apart from 
batteries, hydrogen stored for use in fuel cells, flywheels and supercapacitors 
are energy storage units that can be preferred according to vehicle design 
and technology. A selection is made among these storage units according 
to the intended use, cost and cycle life of the vehicle.

4.1. Batteries

The battery, which is one of the most common practical energy 
sources today and was discovered by chance in 1800, is a device used to 
store chemical energy and convert it into an electrical form. Technically, 
a battery is formed by the combination of two or more electrical cells. 
Cells formed by positive and negative electrodes with electrolytes between 
them convert chemical energy into electrical energy or electrical energy 
into chemical Energy (Zenk and Ertuğral, 2018a). A large number of 



batteries with different structures can be obtained by combining different 
metals and electrolytes. However, the types of commercially valuable and 
rechargeable batteries that can be used in electric vehicles are limited; lead 
acid, nickel iron, nickel cadmium, nickel iron hydride, lithium polymer and 
lithium iron, sodium sulfide and sodium metal chloride. It is also possible 
to come across batteries that are filled by changing the metal inside (Zenk 
and Ertuğral, 2018b).

4.2. Super Capacities

Supercapacitors are used in applications that require long-term compact 
energy storage rather than very fast charge/discharge. These applications 
can be automobiles, buses, trains, cranes and elevators, energy recovery 
braking used, short-term energy storage or burst mode. Supercapacitors 
can be designed to have a specific energy of a few Wh/kg and a specific 
power of kW/kg. In terms of these features, they cannot store the energy 
that will bring a vehicle to a sufficient range on their own. However, they 
are very effective in meeting the power needed in sudden accelerations 
and heavy traffic, in cases where there are many stops and starts. For this 
reason, they are widely used as an auxiliary source in battery, fuel cell or 
hybrid vehicles. Since they have very short charge and discharge times, it 
is possible to charge them with the energy to be recovered during braking. 
Supercapacitors, which withstand the high currents to be drawn from the 
main energy source or to be obtained by recovery, extend the durability 
and life of the main energy source. In addition, the high cost is seen as the 
biggest disadvantage.

4.3. Flywheels

The most important feature of the flywheel, which is used in all 
vehicles, is that it can store the energy that will be lost and allow it to be 
used when necessary. Generally, the geometric shape of a flywheel is a kind 
of cylindrical disk with large diameter and small width. Since flywheels 
are mechanical systems that can store kinetic energy by stretching the 
materials in their structure, their specific energies can reach 50 Wh/kg 
and their specific power can reach 2000 W/kg. In ICE vehicles, flywheels, 
which can be considered small, are used to dampen the vibrations that occur 
during the first start of the engine and its sudden acceleration. Flywheels 
are used in electric vehicles to store kinetic energy during braking and 
then to convert it back into kinetic energy when moving. Their efficiency 
is high compared to chemical batteries, their life cycle is very long, their 
performance is the same even after long usage and there is no toxic gas 
emission. The balancing forces on the flywheel itself make it difficult 
to control the vehicle when the vehicle is going up and down a slope or 
entering a bend. In addition, they have not become widespread in terms of 



use, since damage to the flywheel in the event of an accident may lead to 
new accidents with the energy stored on it.

4.4. Fuel Cells

Fuel cells, like batteries, make chemical transformations. However, 
these are systems in which pure hydrogen is used as fuel and converted 
into electrical energy for this conversion. In fuel cells, a chemical reaction 
takes place with two electrodes as anode and cathode, and the structure 
formed by the electrolyte through which the ions will move. Different 
types of fuel cells are produced according to the type of electrolyte in their 
structures. Fuel cell vehicles have a longer range than battery powered 
vehicles. Compared to ICE vehicles, their efficiency is higher and there 
are no harmful gas emissions. Fuel cell vehicles have advantages as well 
as disadvantages that cause them not to be commercialized. Chief among 
these is their high cost. In addition, it is difficult to remove the water 
formed as a result of the chemical reaction from the cell. Again, due to 
the heat released as a result of the chemical reaction, they need a cooling 
system. Obtaining, storing and transmitting hydrogen, which is used as a 
fuel, requires addressing different problems.
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1. Introduction

The properties of bitumen play an important role in determining 
the performance of asphalt pavements (Corte,2001) Characterization of 
bitumen binders in engineering applications is important for determining 
the effects of temperature and strain ( Remišová and Holý, 2017)

Empirical studies on asphalt pavements were defined in the 1950s. 
But, most of these studies were renewed in the 1980s. Since then, many 
new devices, tests and equipment have been developed. In addition, with 
the computer’s intense entry into our lives, it has become easier and more 
reliable to reach the results. Most of the countries around the world have 
started to implement design and testing procedures in asphalt pavement 
technology. Bitumen has been classified in different degrees according 
to its mechanical properties since the earliest times. The most important 
feature in determining the grade of bitumen has always been the degree of 
penetration. Due to the increasing traffic and recycling needs over time, 
it has been deemed necessary to perform performance tests of bitumen. 
In addition, with the new regulations made in petrochemical facilities in 
recent years, different types of bitumen binders have been offered to the 
public(rheofalt.com, 2021).

The total number of standard axle repetitions increasing day by 
day on the roads, higher performance demand has necessitated long-
term performance estimation of pavements. The performance of the 
superstructure; It depends on many factors, including design, application 
and the quality of the material used. The first application in asphalt 
pavements is the mix design process. The mixture of bitumen binder and 
aggregate must be of good quality in order for the asphalt pavement to be 
least affected by the traffic life and the effects of the environment( Celko, 
Kovac and Decky,2011; Durcanska et. al, 2013)

The quality of bitumen is indicated by many indicators. In this study, 
tests used in bitumen binder and asphalt pavements are listed to guide 
researchers.

2. Test Methods

Standard test methods for determining bitümen binders and asphalt 
pavements properties listed below to guide researchers. In each test, valid 
standards related to the relevant test are shown.

• Needle Penetration

• Flash and Fire Points

• Specific Gravity Test

• Solubility
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• Softening Point of Bitumen (Ring-and-Ball Apparatus)

• Water Content in Bituminous Materials

• Settlement in Bitumen Emulsions ( 5 Days)

• Distilation and Evaporation Residue Test 

• Ductility Testing

• Storage Stability Test

• Fraas Breaking Point Test

• Elastic Recovery of Bitumen

• Superpave Gyratory Compactor (SGC)

• Rolling Thin Film Oven Test (RTFOT)

• Rheological Properties of Asphalt Binder Using a Dynamic Shear 
Rheometer (DSR)

• Presure Agıng Vessel (PAV)

• Flexural-Creep Stiffness with  Bending Beam Rheometer (BBR) 

• Direct Tension Test (DTT)

• Indirect Tensile Strength Test (IDT)

• Rotational Viscometer Tests

2.1. Needle Penetration

Identification in bitumen is based on the penetration grade and  
penetration grade helps to determine the class of the bitumen. The 
penetration grade of bitumen is determined by the penetration and softening 
point test. Penetration grade bitumens have a thermoplastic property that 
causes the material to soften at high temperatures and harden at lower 
temperatures. This relationship between temperature and viscosity is 
important in determining the performance parameters of bitumen such 
as adhesion, rheology, durability and application temperatures (rheofalt.
com, 2021).

The device is used to measure the needle pricking depth/penetration of 
samples at the load, time and temperature defined in the relevant standard.

The distance that a standard needle vertically sinks into the bitumen 
binder for a certain time (5 seconds) under a certain load (100 g) is found 
in 0.1mm.
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Figure 1. Needle Penetration Test Scheme

Penetration value is inversely proportional to consistency. The 
hardness or consistency of the bituminous binder is determined. The higher 
the penetration, the softer the bitumen. As the consistency increases, the 
bitumen hardens (Jensen, 2006)

Figure 2. Consistency varies with temperature

Standards

ASTM D946-09 

EN 12591-2009
Table 1. ASTM Standard for Bitumen Penetration Grade

Standard Bitumen Penetration Grade
ASTM D946-09 40-50 60-70 85-100 120-150 200-230
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Table 2. EN standard for Bitumen Penetration Grade

Standard Bitumen Penetration Grade
EN 12591-2009 20-30 30-45 35-50 40-60 50-70 70-100 160-220

2.2.  Flash and Fire Points

Flash point of bitumen is the lowest temperature, at the bitumen 
vapor comes into contact with the flame and shines temporarily but there 
is no combustion process. This test is important to determine the risk 
of ignition and ignition that may occur while the heating of the bitumen 
during application. Heating is performed according to the flash point and 
necessary precautions can be taken.

Flash point determination is made with Cleveland Open Container 
and Tagliabue Closed Container depending on the characteristics of the 
bitumen.

Standards

TS EN ISO 2592

TS 1171

2.3. Specific Gravity Test

While calculating the specific gravity of bituminous materials, its 
weight in a certain volume at 25 °C is measured. Then It is proportioned to 
the air of the degased distilled water of the same temperature and volume. 
The specific gravity of bitumen is usually determined by the pycnometer 
method.

Standards

TS 1087

2.4. Solubility

Bitumen is dissolved in organic solvents such as trichloroethylene, 
carbon sulfide, benzene to determine the mineral substances that are 
present in little or no bitumen. Its solubility in trichloroethylene is expected 
to be at least 99%.

Standards

TS EN 12592

ASTM D2042

2.5.  Softening Point of Bitumen 

Scope of this experiment is measure the sensitivity of bitumen to 
temperature. The method called the ring-ball method is applied. The 



Savas Gurdal230 .

temperature, where the bitumen begins to flow, the softening point is 
determined. Bitumen with high viscosity also has a high softening point. 
Mixture temperatures are also high in hot mixtures prepared with that 
kind of bitumen (Jensen, 2006).

The following procedure is applied during the experiment: 

 The bitumen in a standard ring mold with a ball on is placed in a 
water-filled beaker. 

 Then the bitumen begins to be heated. 

 As the material softens, the ball touches the bottom and this 
temperature is recorded

 This is the softening point of the bitumen.

Standards

TS EN 1427

ASTM D36

2.6. Water Content in Bituminous Materials 

Determination of water content in bituminous materials is applied on 
the basis of distillation of bitumen with volatile solvents. In the experiment, 
the solvent and sample are distilled under graduated reflux. Then, water 
and solvent are condensed. The water steam is separated in the condenser, 
while the solvent returns to the distillation vessel for further distillation. 
After the distilation water content is calculated.

Standards

ASTM D95

ASTM D244 

AASHTO T55

2.7. Settlement in Bitumen Emulsions ( 5 Days)

Settlement in Bitumen Emulsions method applied when bitumen 
mixtures need storage. This method should not be applied if the bitumen 
mixtures do not need storage. The procedures applied in the method are 
as follows:

 Bitumen is taken into a measuring tape at room temperature. 

 The bitumen mixture is kept for 5 days. 

 After 5 days, samples are taken from the upper and lower parts of 
the bitumen mixture and the residual amounts are determined. 
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 The difference between the lower and upper part should be less 
than 5%. 

Standards

TS EN 122

2.8. Distilation and Evaporation Residue Test

In asphalt emulsions and asphalts, distillation and evaporation 
processes are performed in order to determine the amount of bitumen in the 
pavement. Different methods can be used in the application of distillation 
and evaporation processes.

Standards

ASTM D6934

TS 122

2.9.  Ductility Testing

Bu deney kapsamında, bitümlü bağlayıcının 25, 13 ve 7 oC gibi 
sıcaklıklarda kohezyondan oluşan uzama veya çekme dayanımı belirlenir. 
Çalışma sıcaklığına getirilen bir su banyosu içerisindeki bitüm 50mm/
dk hız ile çekilir. Bitümün kopma anındaki uzama miktarı ölçülür ve 
yük uzama eğrisinde karşılık gelen noktadan deformasyon enerjisi 
hesplanmaktadır (utest.com, 2021)

Within the scope of this test, the ductility or tensile strength of the 
bituminous binder, which is formed by cohesion at temperatures such as 
25 °C, 13 °C and 7 °C, is determined. The bitumen in a water bath at 
operating temperature is withdrawn at a speed of 50mm/min. The amount 
of elongation of the bitumen at break is measured and the deformation 
energy is calculated from the corresponding point on the load elongation 
curve (isfalt.istanbul, 2021)

Standards

EN 13398 

ASTM D113

D6084

AASHTO T51

2.10. Storage Stability Test 

In this experiment, the cigar tube test (CTT) is used to determine the 
storage stability. The thin film size aluminum tube is filled with bitumen 
binder and placed upright in the oven. The temperature is set to 163 °C and 
waited for 48 hours. Then, samples quickly taken from the oven are kept 
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in the deep freezer for at least 4 hours. Afterwards, these tubes are cut 
into 3 parts. The softening point is determined by taking parts from these 
3 samples. If the difference between the lower and the upper parts is more 
than 2.2 °C, it is called not stable. Sample preparation, sample production 
and temperature conditioning are performed according to ASTM D7173-
05 instruction.   ( Zhang and Hu, 2013).

Calculation equation:

                                    (G*/sin δ)max - (G*/sin δ)avg

Separation, % =                                                                x 100

                                                (G*/sin δ)avg

G* : shear modulus

δ : phase angle

(G*/sin δ) max = higher value,

(G*/sin δ) avg average value 

Standards

EN 13399:2017

ASTM D7173-05

2.11. Fraas Breaking Point Test 

The Fraas Breakpoint test is applied to bitumen and modified bitumen. 
The aim of this experiment is to determine the behavior of bitumen at 
low temperature. Temperature, Where the bitumen breaks and critical 
hardness are determined.

In this context, the bitumen sample is applied as a thin film on both 
sides of a metal sheet. Afterwards, the metal layer is started to be cooled 
at a constant rate. Then, the bitumen film is stretched until cracking 
is observed on the film. The temperature at which the first cracking is 
observed is called the Fraas break point.

Standards

EN 12593

2.12.  Elastic Recovery of Bitumen

The elastic recovery test is generally applied to modified bitumen. 
The purpose of the experiment is to determine the elastic recovery and 
elastic deformation of bitumen at room temperature. Elastic recovery rate 
of modified bitumen must be minimum 60%. This experiment is done 
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in a ductility device. The elongation at break is measured by pulling the 
bitumen formed in the form of briquettes from both ends at a speed of 50 
mm/min at 25 °C.

Standards

TS EN 13398

2.13. Superpave Gyratory Compactor (SGC)

Superpave Gyratory Compactor is used for compacting the mixtures 
prepared for the design of asphalt pavements. It is a simulation model 
designed to determine the effect of highway traffic density on asphalt 
pavements.

The implementation of the experiment is as follows:

 4500 grams of aggregate with appropriate grain size is prepared.

 Bitumen, aggregate and mixer are prepared at 150 °C for 3 hours.

 The determined amount of bitumen and aggregate is mixed at 135 
°C for 20 hours.

 SGC is prepared by preheating.

 The mixture is taken into a sample container of 150 mm diameter 
and compacted.

 During the compression process, the height of the cylinder is 
measured for each rotation and the volume is calculated (Jensen, 2006).

Afterwards, 50 mm high samples are sliced   for Indirect Tensile Tests 
(IDT).

Standards

EN 12697-31 

ASTM D6925 

AASHTO T312

2.14. Rolling Thin Film Oven Test (RTFOT) 

Aim of the RTFOT test is to simulation of the aging bitumen with 
the effect of heat and air during the preparation, laying and compaction of 
asphalt mixtures. So, both physical tests are carried out on aged bitumen 
and the mass loss that will occur in asphalt is determined. In addition to 
the expected mass loss during the aging of the bitumen, some asphalts may 
also increase in weight since oxidized products may occur.

 The implementation of this experiment is as follows; 
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 35 gram bitumen sample is placed in 8 cylinders on a table that 
rotates at 15 rpm in an oven. 

 The samples are hold at 163 °C for 85 minutes. 

 Air with a flow with 4000 ml/minute is sprayed on to samples. 

 At the end of the period, 2 of these samples are selected and the 
mass loss is measured. 

The calculated mass loss is a simulation of the short-term hardening 
of the bitumen during heating, laying, storage and transportation. The 
bitumen in the other 6 cylinders is used in the dynamic shear test. 

Standards

EN 12607-1

ASTM D2872  

AASHTO T240

2.15. Dynamic Shear Rheometer (DSR) 

The dynamic shear rheometer is used to determine the rheological 
properties such as dynamic shear modulus (G*) and phase angle (δ) 
depending on time at medium and high temperatures. The resistance of 
the material against deformation under shear stress is called the dynamic 
shear modulus (G*). It consists of two components, elastic and viscous. The 
relative amount of irreversible and reversible deformations is called the 
phase angle (δ). G* and δ change When the temperature of the experiment 
and the frequency of loading change.

DSR Application is as follows; 

 Asphalt samples with a thickness of 2 mm are tested between two 
parallel plates. 

 While the bottom plate is fixed, the top plate oscillates at a 
frequency of 10 radians per second, simulating traffic loading traffic. 

 G* and δ values   are calculated by software with rheometer. It is 
accepted that G*/sin δ =1 at superpave conditions and at the specified 
temperature.

Standards 

TS EN 14770

AASHTO T315

Astm D7175-15
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2.16. Presure Agıng Vessel (PAV) 

The simulating of the hardening in long-term pavement service 
conditions such as 5-10 years is determined in PRESURE AGING VESSEL 
(PAV) While the short-term hardening conditions of the bitumen binder 
are determined by the RTFO test. Firsty, RTFOT test is applied to bitumen 
binders then, 50 grams samples are placed in containers. These sample 
containers are taken into a pressurized aging vessel and aged under 2.1 
MPa air pressure and 100 °C for 20 hours. At the end of aging, the aging 
effects of the coating during its service life will be simulated. The residue 
obtained after this process is de-gassed in a vacuum oven for 35 minutes 
and is directed to the DSR test. After this test, bending beam rheometry 
and direct tensile tests are applied to the bitumen binder samples obtained 
as hardened (Jensen, 2006)

Standards

EN 14769

ASTM D6521

AASHTO R28

2.17. Flexural-Creep Stiffness with  Bending Beam Rheometer 
(BBR) 

BBR is used to determine the amount of relaxation and stiffness under 
constant load at low temperatures. It is generally applied to determine the 
flexural-creep properties of bituminous binders in the range of 30 Mpa to 
1 Gpa. The overall focus of the experiment is to apply a constant load to 
the middle of the sample at a specified loading time and measure it as a 
time-bending function. The stiffness of the sample is calculated from the 
deflection and standard beam properties against this loading time. 

In the BBR test, engineering beam theory is used to measure the stiffness 
of a beam at low temperature. Creep stiffness and m-value are measured 
within the scope of the test. Creep stiffness indicates a value of asphalt against 
constant loading. The m-value shows that how asphalt works. Rigid properties 
should change as loads are applied to the asphalt. The operating temperature 
applied in this experiment varies between 0 °C -36 °C.  In the experiment, a 
single point creep load is applied to an asphalt beam of 125 mm length, 12.5 
mm width and 6.25 mm height in a liquid bath for 60 minutes at the desired 
temperature and the creep occurring in the material is measured according to 
the elastic beam theory at constant temperature and load. After initial loading 
and conditioning is complete, a constant load of 980 mN is applied to the center 
of the material for 240 seconds and the degree of deflection is measured. Load 
and time-deflection curves are continuously generated throughout the test.
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Standards

EN 14771

ASTM D6648 

AASHTO T313

2.18. Direct Tension Test (DTT)

The direct tensile test is used to measure the strain and fracture stress 
of the bitumen binder at low temperatures. This experiment is carried out 
in the temperature range of 0 °C and -36 °C, where the fracture behavior 
of the bitumen binder is observed. If sufficient yielding occurs during the 
tensile stress process, it is called ductile, and if it breaks without any creep, 
it is called brittle. Bitumen, which does not crack under low temperatures 
and traffic loads, is expected to show some ductile properties. Bitumen 
binder with this feature is shown as a good binder. Direct tensile test can 
be applied to bitumen samples aged with PAV and RTFOT and to untreated 
bitumen samples.

Standards

ASTM D6723

AASTHO T 314

AASHTO PP 42

2.19. Indirect Tensile Strength Test (IDT)

Indirect tensile strength test (IDT) is applied for evaluating the 
performance of asphalt pavements is fatigue cracking resistance Which 
is the one of the most important criteria for asphalt pavements. This test 
allows us to evaluate about horizontal, vertical loading and crack initiation. 
(Karimi et al., 2017).

The creep strengths are measured at 0 °C, -10 °C and -20 °C 
temperatures under 100 seconds of constant load at a speed of 12.5 mm/
min until the breaking point. In this test the fracture energy (Fracture 
Energy, FE) Which required for the determination of fatigue and thermal 
fracture is determined. The FE value is accepted as an indicator of the 
resistance for the bitumen and aggregate mixture against fatigue cracking. 

Asphalt pavements are prepared in the Superpave Gyratory Compactor 
device with a height of 50 mm and a diameter of 150 mm for indirect 
tensile strength test. The transducer is mounted on both surfaces of the 
samples. Stress-strain curves are measured every 0.01 seconds while the 
load is applied and data is collected. FE values   are calculated by analyzing 
the data.
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Standard

ASTM D6931-12

AASHTO T 322-03

2.20. Rotational Viscometer Tests

Viscosity is a measure of the bitumen’s resistance to flow and its 
consistency. The more solid the bitumen, the higher the viscosity of the 
bitumen. The purpose of this test is to determine the flow properties of 
asphalt pavements when heated for application purposes. Brookfield 
viscosity device is used to determine the properties of bitumen during 
filling, discharging and pumping processes at 135 °C.

The method is called Brookfield Viscosity, in which the torque 
applied to the shaft measures the relative resistance of the shaft to rotation 
and provides a measurement of the dynamic viscosity of the sample. The 
device has a spoon that rotates at 20 rpm. Asphalt must have a viscosity 
value of at max. 3 Pa at 135 °C operating temperature. 

Standards

ASTM D 4402.

TS 117

3. Conclusion 

The performance of the superstructure; It depends on many factors, 
including design, application and the quality of the material used. Due to 
the increasing traffic and recycling needs over time, it has been deemed 
necessary to perform performance tests of bitumen. Tests used in bitumen 
binder and asphalt pavements are told in this study to guide researchers.
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1. Introduction

The most important feature that makes membrane separation 
techniques different from other techniques is the present membrane as the 
other phase. The membrane provides an intermediate surface between the 
two stack phases that can be liquid or gas, which can increase yield and 
selectivity (Scott and Hughes, 1996). Usually, these processes are faster, 
more efficient, and cheaper than other separation techniques. In addition, 
in most cases these processes are carried out at room temperature. This 
provides a great advantage in the processing and separation of heat-sensitive 
species (Pinto et al., 1999). Developments and progress in membrane 
technology have been more in the last 20 years and found the application 
area in many industrial sectors such as chemistry, petrochemical, mineral 
and metallurgy, food, biotechnology, drugs, electronics, paper and pulp, 
and water treatment. Membrane processes can compete with physical 
separation methods such as selective adsorption, absorption, solvent 
extraction, distillation, cryogenic (overcooling) gas separation, and 
crystallization (Scott and Hughes, 1996).

Electrodialysis (ED), which is the most commonly used electrochemical 
membrane separation process; is the combination of electrolysis and 
dialysis processes. The separation process takes place by moving ionic 
species under the influence of an electric field along the membrane with 
selective permeability. The driving force in the mass transfer is the electrical 
potential gradient between the anode and the cathode and the concentration 
difference of the adjacent compartments. The classical ED operation is 
arranged in ion-exchange membranes between the two electrodes to obtain 
dilute solution from the concentrated solution. The number of ion-exchange 
membranes is at least two. This number increases according to the cap 
capacity of the ed module. The increase in the number of ion-exchange 
membranes increases the surface area of ion migration. The number of 
membrane pairs in the ed modules with the plate frame design is increased 
to enlarge the scale.ED process takes place much faster than dialysis. In 
high current density values, the transport of species is further accelerated. 
Moreover, ion exchange membranes used in the ED cell increase the 
selectivity of the process. The combined use of these two processes was 
first used in the demineralization of sugar solution by Maigrot and Sabates 
in 1890. The first article about electrodialysis published in a scientific 
journal was made by Morse and Pierce in 1903. Significant advances in 
ion-exchange membranes have been made in the electrodialysis method, 
and it has taken its place among the most important processes of today. 
ED processes are used in many industrial scales such as food technology, 
desalination of salt from the seawater, cleaning of industrial wastes (Pinto 
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Carmelo Garcıa 1999)(Al-Amshawee et al., 2020) 

Desalination is one of the developing areas of the electrodialysis 
technique. Reverse Osmosis is the common membrane separation 
technique to obtain fresh water from seawater or well water. The most used 
membrane separation technique is reverse osmosis to obtain clean water 
from seawater or well water in the world. While the electrical energy is used 
to pump the supply water to the membrane module in reverse osmosis; It 
is necessary to create potential differences in the cell in the electrodialysis. 
The need for electrical energy for reverse osmosis and ed is close to each 
other, but the water acquisition rate is 90% for the ED process. . The water 
gain ratio is at a maximum of 65% for reverse osmosis (Curto, Franzitta, 
& Guercio, 2021). ED process can become much more economical when 
supported by alternative energy sources such as solar power panels. In the 
world desalinating market, the share of the ED technique is only 2.4%, but 
new and more effective module designs are developed.

2. Electrodialysis System

An ED system employed in the batch recycled mode was given in 
Figure 1. The electrodialysis system consists of a ED cell, direct current 
power supply, and peristaltic pumps.  

Figure 1. Electrodialysis system.

An electrodialysis cell usually has a plate and frame design  
(Strathmann, 2010). On the outside of the cell, there are two electrodes to 
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which electric current is applied. On the inside, ion exchange membranes 
are placed between the electrodes (Figure 2). Separators are also used to 
separate adjacent membranes, create partitions and promote turbulence 
(Kraaijeveld, Sumberova, Kuindersma, & Wesselingh, 1995). 

Figure 2. Plate and frame ED module (Strathmann, 2010)

There are two different types of processes in the electrodialysis 
process, batch and continuous. As with all membrane-based processes, 
the efficiency of electrodialysis in long-term use can be affected by the 
degradation or fouling of ion-exchange membranes. In most laboratory 
applications, batch processes are preferred because it is easy to replace 
contaminated membranes and electrodes with new ones. In industrial 
applications, it is applied continuously (Parulekar, 1998). 

2.2. Electrodialysis Cell

A typical electrodialysis cell consisting of anion and cation exchange 
membrane series arranged alternately between an anode and a cathode is 
shown in Figure 3. If an ionic solution, such as an aqueous salt solution, is 
pumped into these cells and an electrical potential difference is established 
between the anode and the cathode, negatively charged anions move 
towards the anode and positively charged cations move towards the 
cathode.
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Figure 3. The basic scheme of an electrodialysis cell

As the cations pass through the cation exchange membrane with 
negative co-ions, they are retained by the anion exchange membrane with 
positive co-ions. Similarly, negatively charged anions are blocked by 
the cation exchange membrane as they pass through the anion exchange 
membrane. As a result, while the ion concentration increases in some 
compartments, it is depleted over time in other compartments. In general, 
the compartments where the ion concentration decreases are called dilute, 
while the others are called concentrated (Strathmann, 1994). 

2.2.1. Ion Exchange Membranes

The most important part of an electrodialysis process is the ion 
exchange membranes. Their properties largely determine the technical 
feasibility and economy of the process (Strathmann, 1994). Ion exchange 
materials have the property to provide a separation between cations and 
anions. In addition, the separation of anode and cathode processes in 
electrochemical cells provides high efficiency and selectivity as well as 
safety of the process. For example, the use of the anion exchange membrane 
prevents the transfer of H+ ions generated during the production of oxygen 
at the anode to the cathode compartment, thus allowing the establishment 
of a pH difference in the cell (Scott, 1994).

Ion-selective membranes are ion-exchange resins in the form of films 
and contain highly swelling gels that carry constant positive and negative 
charges. There are two different types of ion-exchange membranes: (1) the 
cation exchange membrane, which contains negatively charged groups in 
the polymer matrix, and (2) the anion exchange membrane, which contains 
positively charged groups in the polymer matrix (Strathmann, 1994). These 
membranes are divided into two as heterogeneous or homogeneous within 
themselves. Heterogeneous membranes are prepared from ion exchange 
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resins and generally show a high electrical resistance and relatively poor 
mechanical strength due to their high swelling with water. Homogeneous 
membranes are made by attaching ionic groups to a cross-linked copolymer 
film based on polystyrene, polytetrafluoroethylene, or polyfluoride vinyl 
ether and divinyl benzene (Scoot and Hughes, 1996). Apart from these, there 
are inorganic membranes containing silica, bentonite, and oxyhydrates of 
aluminum and zirconium. However, ion exchange membranes are mostly 
made of synthetic polymers (Scott, 1994).

The typical structure of a cation exchange membrane is shown in 
Figure 4. The membrane consists of a polymer matrix containing fixed 
negatively charged groups. These negatively charged groups are in mutual 
equilibrium with stable positively charged cations, called counter-ions, to 
ensure electro-neutrality. Since mobile anions, called co-ions, carry the 
same charge as fixed negatively charged groups, they are more or less 
repelled by electrostatic forces. This process is called Donnan repulsion. 
In a cation exchange membrane carrying fixed negatively charged groups, 
only cations are allowed to pass due to the repulsion of co-ions. Since 
anion exchange membranes carry constant positive charges in the polymer 
matrix, all cations are repelled and only anions are allowed to pass (Scott, 
1994).

Figure 4. Model of a cation exchange membrane (Scott, 1994)

For a cation exchange membrane in a dilute solution of a strong 
electrolyte, the cation concentration in the membrane is usually greater 
than in the solution. Because the cations are held by the negatively charged 
ions in the membrane. On the other hand, the concentration of mobile 
ions in the solution is higher than in the membrane. Thus, a concentration 
difference is established between the membrane and the solution. This 
difference acts as the driving force for mobile cations to move into solution 
and mobile anions to move towards the membrane (Strathmann, 1994). 

While anion exchange membranes are made from strong or weak 
bases, cation exchange membranes are made of strong or weak acids (Scott 
and Hughes, 1996). The ion exchange groups used in the membranes are 
given in Table 1.
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 Table 1. Ion exchange groups used in cation and anion exchange membranes 
(Scott and Hughes, 1996)

Functional Groups and Properties

Cation Exchange Membrane Anion change membrane

Sulfonic acid strong acid Quaternary amine strong basic
Carboxylic acid weak acid Tertiary amine weak basic
Phosphonic acid strong acid Secondary amine weak basic
Phosphinic acid weak acid Primary amine weak basic
Arsenic acid weak acid Quaternary 

phosphonium
weak basic

Tertiary sulfonium weak basic

The selectivity and electrical properties of ion exchange membranes 
are mainly determined by the type and concentration of fixed ionic charges 
in the polymer matrix. Sulfonic acid and carboxylic acid are the most 
commonly used groups to prepare cation exchange membranes. Sulfonic 
acid groups show strong acid properties and completely dissociate in 
almost the entire pH range. Carboxylic acid groups, on the other hand, 
are weak acids and do not dissociate under pH 3. The groups mostly used 
to prepare anion exchange membranes are quaternary ammonium groups 
due to their dissociation over a wide pH range and showing strong basic 
properties. Tertiary, secondary, and primary amines, phosphonium, and 
sulfonium groups are used as less strongly basic groups (Scott, 1994).

The properties of ion exchange membranes are determined by two 
parameters, the basic polymer matrix, the type and concentration of the 
functional group. Polyester, polyethylene, and polytetrafluoroethylene are 
used as the polymer matrix in commercial membranes. The basic polymer 
matrix largely determines the mechanical, chemical, and thermal stability. 
An ion exchange membrane should not dissolve but should have a certain 
degree of swelling ability (Scott, 1994). Important parameters for the 
characterization of these membranes are the density of the polymer network, 
the hydrophobic and hydrophilic properties of the polymer matrix, the 
distribution of charge density, and the morphology of the membrane itself. 
All these parameters not only determine the mechanical properties but also 
affect the adhesion and swelling of electrolytes and non-electrolytes.

The properties that ion exchange membranes should have are as follows 
(Scott, 1994; Strathmann, 1994; (Juárez-islas, Carrillo-Romo, & Roman-
Moguel, 2013) (dos Santos, Miranda Reis, Cardoso, & de Resende, 2019).
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Low electrical resistance: It should be as low as possible to reduce the 
IR losses in the membrane under the driving force of the electric potential 
difference and thus the power requirement of the system.

High selective permeability: Very good permeability for counter-ions, 
but not permeable to co-ions, non-ionized molecules, and solvents.

Good mechanical and shape stability: The membrane must be 
mechanically resistant to shrinkage due to high swelling and osmotic effects 
with the electrolyte solvent in the transition from dilute to concentrated 
ionic solutions. However, it is important to keep the membrane constantly 
moist to prevent wrinkles or stretching that may occur in the membrane.

High chemical stability: The stability of the membrane is the most 
important for the success of the process. Due to their high cost, membrane 
materials require several years of treatment. Ion exchange membranes 
should exhibit good chemical stability over a wide pH range and wide 
temperature ranges in the presence of oxidizing agents.

Good process characteristics: It should be able to process under 
varying temperatures, high current density, and pH conditions.

However, it is difficult to optimize the properties of ion exchange 
membranes because these parameters that determine different properties 
often have opposite effects. For example, the high degree of cross-links 
improves the mechanical strength of the membrane, while at the same 
time increasing its electrical resistance. The high density of fixed ionic 
charges in the membrane matrix is   a desirable property as it lowers the 
electrical resistance, but leads to poor mechanical stability, reduced 
selectivity, and excessive water transport. If the membrane is to be used 
at a high temperature, it is also desirable to have good thermal stability. 
In addition, depending on the process used to produce table salt from 
seawater, membranes may need to be selective between ions carrying the 
same charge (Scott, 1994). 

There are different manufacturers worldwide for ion exchange 
membranes used in electrodialysis. Table 2 is also the features of some of 
these membranes given by the manufacturer. 

 Table 2. Some commercial ion-exchange membranes and specifications.

Membrane 
commercial name

IONAC 
MC-3470

IONAC 
MA-3475

Neosepta 
CSE

Neosepta 
ASE

RALEX®
 EMBRANE
CMHPES

RALEX® 
MEMBRANE
AMHPES

Functional group Sulfonic
Acid

Quaternary
Ammonium

sulphon quaternary 
ammonium
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Functionality Strong 
Acid Cation 
Exchange 

Strong 
Base Anion 
Exchange

Strong 
Acid Cation 
Exchange 

Strong 
Base Anion 
Exchange

Strong 
Acid Cation 
Exchange 

Strong 
Base Anion 
Exchange

Ionic form- counter 
ion

Na+ Cl- Na+ Cl- Na+ Cl-

Permselectivity (%) 96 90 > 90 > 90
Total Exchange 
Capacity (meq/g)

1.6±0.1 1.3

Thickness (mm) 0.45±0.025 0.45±0.025 0.16 0.15 < 0.45 < 0.45
Electrical Resistance 
(Ohm.cm2) in 0.5 
mol/L NaCl 

<30
<40 1.8 2,6 < 8 < 7.5

Mullen Burst Test 
strength (psi) >80 >80 ≧0.35 ≧0.35

Thermal Stability 
(oC) 90 90 ≦40 ≦40 ≦40 ≦40

Chemical 
Stability Range 
(pH) 

1-10 1-10
0-14 0-14 0-10 0-10

Manufacturer Lanxess
Sybron

Lanxess
Sybron

Astom Astom MEGA MEGA

Some features such as the functional group are the same as the thickness 
and electrical resistance are different. In general, increasing membrane 
thickness increases the mechanical strength of the membrane, increasing 
the electrical resistance in the electrodialysis cell. Some membrane 
manufacturers produce specific membranes for different solutions. Alkali 
production, acid production, separation of inorganic substances include 
polymeric-based membranes that can be used in different pH environments 
such as separation of metals from acidic effluents. This variety in the 
membrane market is useful in terms of the widespread use of the ED 
process.

2.1.2. Electrodes

The complexity of most electrochemical processes makes it 
theoretically impossible to select the most suitable electrode material. The 
initial selection is made with a more experimental approach. However, it 
is difficult to predict the useful life of the material used. The choice of 
electrode material is specific to the process being studied. However, it is 
important to pay attention to the following features when choosing the 
electrode to be used:

• high physical endurance,

• high chemical stability,

• High electrical conductivity, 

• Ease of processing to bring it into a suitable physical form, 

• Appropriate electrocatalytic properties, 
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• Long service life, 

• Does not create pollution, 

• Low cost, 

• Security, 

• Easily obtainable and repairable.

Table 3. The most used electrode materials (Walsh and Pletcher, 1993)

CATHODES ANODES 

Hg, Pb, Ni Pt, Pt/Ti, Ir/Ti, Pt-Ir/Ti (Pt/Nb, Pt/Ta)

Graphite and other forms of carbon, often 
with organics and polymers, are treated at 
certain temperatures to improve porosity, 
density, corrosion resistance, moisture

Graphite or other forms of carbon 
(machined)
Pb in acid – sulfate environment
Ti, Nb, or C on PbO2 

Steels Ni in alkaline medium

stainless steels

Coating of low H2 overpotential materials 
on steel
Exp: Ni, Ni/Al, Ni/Zn

Dimensionally stable anodes
Boron doped diamond electrodes

Ni-Mo–Fe or Ni-Mo–Cr alloys Fe3O4 

TiOx Ti4O7 with conductive ceramic 

Both two electrodes in an ED cell must have sufficient mechanical 
strength, resistance to erosion, and ability to withstand physical effects 
by electrolyte, reactants, and products. In the case of inert electrodes, 
resistance to chemical influences is important and corrosion, undesirable 
oxide, hydride, or undesirable organic films should be avoided both 
under process conditions and in passive states. The physical shape of the 
electrodes is often very important. The surface conditions and shape of an 
electrode should be considered according to the requirement for product 
separation such as gas or solids. As a result, the electrode cost should be 
low and it should be used efficiently for as long as possible (Walsh and 
Pletcher, 1993). Commonly used electrode materials are shown in Table 3.

A general advantage of metal electrodes is their high conductivity. In 
solid electrodes, it is quite easy to increase precision and reproducibility 
with forced transport. Their surface can be improved by electrical 
deposition or chemical treatments. The latter situation is more common 
with carbon electrodes. Another benefit of using metal electrodes is the 
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ease of construction and repair of the electrode material (Brett and Brett, 
1993).

Carbon, which is one of the electrodes commonly used in the 
electrodialysis process, exists in various forms. Electrochemical reactions 
are normally slower with carbon than with metal electrodes. Electron 
transfer kinetics depends on the structure and surface preparation. Carbon 
has high surface activity. Bonds with hydrogen, hydroxyl, and carboxyl, 
and sometimes quinones, can form on the carbon surface. The presence 
of these groups indicates that the behavior of these electrodes is very 
sensitive to pH. The presence of functional groups has been used to refine 
the electrode surface to obtain new electrode properties. The modification 
of carbon electrodes is among the subjects attracting attention in recent 
years. Various types of carbon are used as electrodes. These are glassy 
carbon, carbon fibers, black carbon, various types of graphite, and carbon 
paste (combined in an inert structure and contains graphite particles). The 
most widely used of these is glassy carbon, which is isotropic. However, 
electrode construction is very difficult due to its hardness and brittleness. 
Carbon fibers have a diameter similar to the thickness of a hair strand (2–
20 µm). Its construction is generally provided from both polyacrylonitrile 
(PAN) and pitch. Apart from being used as a microelectrode, it is used 
in porous electrodes where high electrolysis efficiency is required (Brett 
and Brett, 1993). Also, three-dimensional electrodes such as carbon cloth, 
carbon felt, and mesh-shaped glassy carbon is different forms of carbon 
electrodes. Since these electrodes have a high area per unit electrode 
volume and high mass transfer characteristics, their use in electrochemical 
processes is increasing (Walsh and Pletcher, 1993).

Steel, which is used to make metal electrodes, is an important 
electrode material because it is very cheap compared to similar materials. 
It is essentially an iron-carbon alloy and can be cast into a workable state. 
Various types of steel can be a combination of 25 or more elements, and 
their physical properties change accordingly. Stainless steels are iron-
chromium-nickel alloys and contain 16-28% chromium and 6-20% nickel. 

3. Electrodialysis Applications

Electrodialysis is a process for the selective transport of ions in the 
aqueous solution. Therefore, it is widely used for the removal of various 
components from water and wastewater. The most important advantage of 
the ED method also allows substance recovery. Research in this field has 
gained acceleration since 2004.(Gurreri, Tamburini, Cipollina, & Micale, 
2020). 



Belgin Karabacakoğlu252 .

One of the most important constraints in terms of the availability of 
electrodialysis is energy consumption. In a study conducted by Chen et al., 
electrodialysis was used to produce drinking water from brackish water 
with a salinity of 3500 mg/L. The permselectivity of the heterogeneous 
anion and cation exchange membranes used in the cell is above 90%. To 
increase the cell performance, the ion exchange resin was filled between 
membranes and different applications have been made for solution feeding 
inputs. According to these regulations, high salinity removal was reached 
by 40% less energy consumption than the classic application. (Chen, Wang, 
Liu, Zhao, & Li, 2020). 

The most widely used technique for the removal of metal ions from 
plating wastewater is chemical precipitation. However, with this method, 
metal ions in the wastewater are formed a secondary pollutant as a metal 
sludge, and a second separation process, which usually requires heat 
treatment, is required to recover the metal from this sludge. In addition, 
large amounts of chemicals are used. Min et al used a commercial 
electrodialysis system to separate metals from real plating wastewater. 
The electrodialysis cell contains 5 pairs of anion and cation exchange 
membranes, Neosepta CMX-SB and Neosepta AMX-SB, respectively. 
There are 22.3 mg/L Cu2+ and 24.4 mg/L Ni2+ ions in the waste water. In 
the studies carried out in potentiostatic mode at different voltage values, 
6, 12, and 18 V, the optimum voltage was determined as 12 V and 99.9% 
Cu2+ and 99.3% Ni2+ removal were obtained in 25 minutes at this voltage. 
In addition, the recovery rates in the dilute chamber were over 90% (Min, 
Choi, Jang, Lee, & Park, 2019). 

In the study by dos Santos et al., Cr (VI) removal was carried out to 
use a commercial membrane module. The module has 10 anions exchange 
and 11 cation exchange membranes. Titanium electrodes covered with 
platinum and titanium were used The removal efficiency of chromium (VI) 
was more than 99% in 75 min of treatment  (dos Santos et al., 2019). 

Although electrodialysis studies seem to focus on desalination and 
removal and recovery of metals from metal plating wastewater, they can 
also be used for the separation of electrolytes with different ionic properties. 
Commercial membrane manufacturers produce membranes suitable for 
different areas of use, and continuous research and innovations are taking 
place, especially in polymeric membranes. The main components in ED 
systems are ion-exchange membranes and electrodes, the type and surface 
area of these components affect system performance. General applications 
are given in Table 4 (Scott and Hughes, 1996; Fidaleo and Moresi, 2006).
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Table 4. ED applications (Fidaleo and Moresi, 2006; Scott and Hughes, 1996)

Desalination of salt water Salt removal from sugar solutions

Whey demineralization Production of table salt from sea water

Deacidification of fruit juices
Conversion of salts to corresponding free acids and 
bases
analytical processes

Tartaric wine stabilization Desalination from amino acid solutions

Purification of the protein Regeneration of photographic chemicals, silver 
recovery

Nitrate removal from drinking water Purification of electrophoresis plating baths

Concentration of acetic acid Recovery of water and valuable products from 
industrial wastewater

It is possible to purchase electrodialysis systems that contain pumps, 
solution tanks, a power supply, and an ED cell or cells. The most important 
advantage of ED systems is that they are relatively small and modular. 
ED systems are also sufficient to increase the number of membrane pairs 
without increasing the system dimensions for scale enlargement. A wide 
range of ED cells can be found in the market from lab scale to industrial 
scale. The number of membrane pairs reaches 1200 in the cells on the 
industrial scale. In this way, high surface area and separation capacity is 
achieved by increasing the number of membranes of the system. 

4. Conclusion

 Electrodialysis was an electrochemical membrane separation process 
using ion-exchange membranes. The anion exchange and cation exchange 
membranes used in the ED cell and the electrodes used as anode and 
cathode are effective on the separation performance. It is not very difficult to 
choose the suitable membrane for the separation process to be made among 
the many commercially produced ion exchange membranes with different 
properties, but from an economic point of view, different membrane types 
can be tried and the suitable membrane can be selected. The electrodialysis 
method is particularly useful for the separation of components from dilute 
feed streams. ED systems can be used with different separation processes. 
In the ED cell, it is necessary to apply an external voltage with a DC power 
source to transport ions from one compartment to the other. The applied 
voltage is used not only for ion migration but also for the redox reactions 
taking place at the electrodes. If the required electrical energy is provided 
by one of the renewable energy sources such as solar panels and wind 
turbines, the process becomes more economical. As a result, it can be 
stated that electrodialysis will find more usage areas.
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