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ACCELERATING THE TRANSITION TO NUCLEAR ENERGY SYSTEMS 

IN TURKEY 

Hıdır Selçuk NOGAY
*1

 

Erciyes University, Mustafa Çıkrıkçıoğlu V.H.S. 

 Electric and Energy Department, Kayseri 

 

Abstract 

Turkey is the country which imports electricity. Advanced and almost all of the countries that 

have achieved sustainable development have made investment nuclear power plants about 40 

years ago and these countries provide at least 20% to 70% of its energy needs from nuclear 

energy. Policy makers of Turkey have various goals to achieve through electricity generation in 

nuclear power plants (NPP). In this way, they are targeting to to decrease the current deficit 

caused by such dependence. This paper analyzes Turkey’s past and present stuations, motivation, 

capacity and strategies to determine the factors which influence spread of nuclear power and 

accelerating the transition to nuclear energy.  

Key Words:  Nuclear power, Nuclear energy, Energy security, Turkey. 

 

Türkiye de Nükleer Enerji Sistemlerine Geçişin Hızlandırılması 

Özet 

Türkiye elektriği ithal eden bir ülke konumundadır. Sürdürülebilir kalkınmayı başarmış ülkelerin 

birçoğu ve gelişmiş ülkelerin hepsi nükleer güç santrallerine yaklaşık 40 yıl öncesinden yatırım 

yapmışlar ve en azından kendi enerji ihtiyaçlarının %20 ile %70 ini nükleer enerjiden 

sağlamaktadırlar. Türkiye de politikacıların koyduğu, nükleer güç santrallerinden elektrik üretimi 

yoluyla ulaşılacak hedefler vardır.  Enerjiye olan bağımlılık nedeniyle oluşan cari açığında 

azaltılması bu hedeflerden birisidir. Bu makalede, nükleer enerjinin yaygınlaşması ve nükleer 

enerjiye geçişi hızlandırmayı etkileyen faktörleri belirlemek amacıyla Türkiye'nin geçmiş ve 

mevcut durumları, motivasyon, kapasite ve stratejileri analiz edilmektedir. 

 

Anahtar Kelimeler: Nükleer güç, Nükleer enerji, Enerji güvenliği, Türkiye 

                                                 
1 Hıdır Selçuk NOGAY, nogay@erciyes.edu.tr 
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INTRODUCTION 

The development of renewable energy sources for the dissemination throughout the world, as 

well as for investments in projects on a global scale, nuclear energy is gaining momentum. As of 

January 2016, 441 nuclear power plants are in operation in 31 countries, 67 units in 16 countries 

and is also a nuclear power plant is under construction. Electricity generation from nuclear 

energy is estimated to rise from 3.908 TWh (2010) to 2.756 TWh in 2035. However, it is 

estimated that too; the share of nuclear energy in total energy production 12.9 percent falls to 9.7 

percent. Preparations are underway for the establishment of a nuclear power plant in the world 

[1]. 

Turkey is one of many countries trying to become less dependent on imported fuels. Currently, 

74 percent of the country’s capacity comes from petroleum and natural gas, with about 90 percent 

of that imported, mostly from Russia and Iran, according to the Daily Energy Report blog. Given 

Turkey’s limited natural resources, nuclear could be a strong, viable option in its energy security 

quest [2]. 

Ideal to build Turkey a nuclear power plant for half a century have begun to take place on 12 

May 2010 with the signing of the agreement on the establishment and operation of a nuclear 

power plant in Akkuyu between government of T. C. and the Russian Federation [2- 4].  

The commissioning of two nuclear power plants until 2023, and 3 is planned to start the 

construction of the nuclear power plant to meet the rapidly growing demand for electricity and to 

reduce the risks associated with the import dependency in Turkey [4, 5].                

In this study analysis of Turkey's nuclear transition is made. So for this nuclear power transition 

process examined and has carried out an analysis of past and present in Turkey. As a result, there 

is a strongly need nuclear power plant in Turkey. This elimination of the need to reduce 

dependence on energy and economic efficiency and technological developments in the field will 

be a huge contribution. 

 

THEORETICAL FRAMEWORK 

As a result of fragmentation of atomic nuclei, a large energy is becoming clearer. This energy is 

called "nuclear power" obtained by fission and fusion reactions. Nuclear reactors are systems that 

http://forumonenergy.com/2012/06/05/the-future-of-nuclear-power-in-emerging-markets-turkey/www.dailyenergyreport.com/2012/04/turkeys-nuclear-power-plant-controversy/
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convert nuclear energy into electrical energy. Basically, the result of released fission nuclear 

power, thermal energy within the nuclear fuel and other materials, this thermal energy is 

converted into kinetic energy and then into electric energy in the generator system [5, 6].  

A nuclear reactor with 1,000 MW produces fuel used about 27 tons (7 m
3
). For the continuity of 

electricity generation, nuclear power plants are safer than thermal and hydraulic power plants. 

Nuclear power plants are an option should be preferred in terms of environmental impact. 

Operating nuclear reactors under normal operating conditions, maximum radioactivity can give 

out is limited to 0.1-1% of the natural radiation level, in practice this situation is even below 

these limits [6, 7]. 

It has been discussed that to find the most appropriate nuclear power plant location alternative for 

Turkey with using different methods [7]. When considering the Akkuyu Nuclear Power Plants 

and will be built in Sinop, it is expected to be produced annually about 80 billion kWh of 

electricity in Turkey. To obtain this amount of electricity from natural gas power plant about 16 

billion cubic meters of gas imported annually versus 7.2 billion US dollars (about 13 billion) are 

to be paid for Turkey. Thus, only 4 units in 3 years in Mersin-Akkuyu nuclear power plant can be 

set up with the money to be paid to import natural gas. 

Turkey - Russia agreement mentioned within the scope of the realization of the project company, 

it was founded with the name of Akkuyu Nuclear Inc. on December 13, 2010 in Ankara in 

Turkey. Under this project, for the purpose of nuclear training, 600 Turkish students have been 

sent to Russia. Concerned Turkish students, after a close study of approximately 6.5 years that 

including internships at plants in Russia, will be employed in different fields from engineering to 

management levels in Akkuyu Nuclear Power Plant Project [8]. 

Turkey also signed a nuclear cooperation agreement with Japan in May, 2013 for exclusive 

negotiating rights for the Sinop plant. Under the agreement, Japan will build a nuclear power 

plant with an installed capacity of about 4.5 GWe. The project is estimated to take 10 years and 

cost 22 billion dollars. The agreement also lays the groundwork for nuclear cooperation on 

everything from training and capacity development to spent fuel and radioactive waste 

management. Unlike the Russian deal, according to the information from the government, the 

share of Turkish Electric-ity Generation Company (EUAS) in the investment could reach up to 

49% with the other 51% owned by the Japanese-led consortium. Political statements indicate that 
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this consortium will include Japan’s Mitsubishi and Itochu, France’s GDF Suez and Areva, and 

EUAS from Turkey. Similar to the Russian agreement, the Japanese-led consortium is guaranteed 

an electricity rate of 11.80¢/kWh [8]. 

THE HISTORY OF NUCLEAR POWER IN TURKEY 

First phase: Initial interest and plans (1953-1971) 

 Turkish Atomic Energy Commission established (1957)   

 First research reactor commissioned (1961) 

 Plan to start nuclear electricity generation by 1977 

Outcome: Discontinued following military coup (1971) and accompanying political and 

economic instability. 

Second phase: First site selection and license issued (1972-1980) 

 Feasibility studies and site selection at Akkuyu and near Sinop 

 License issued negotiations for financing and construction with vendors (1976) 

Outcome: Discontinued following military coup (1980) and accompanying political and 

economic instability 

Third phase: Negotiations under proliferation concerns (1982–1988) 

 Bids invited from seven major suppliers  

 Letters of intent issued to three firms 

Outcome: Vendor negotiation failure exacerbated by proliferation concerns and doubts about 

the appropriateness of the Sinop site 

Fourth phase: Another failed negotiation (1993–2000) 

 International tender issued for a turnkey project  

 Bids received but tender eventually cancelled 

Outcome: Vendor negotiation failure combined with proliferation concerns 

Fifth phase: Return of nuclear power amidst growing dependence on Russian gas (2002–2009) 

 Plan to connect the first nuclear power plant by 2015 

 Sinop chosen as the initial site for a nuclear power plant 
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Outcome: International tender only resulted in one bid (from Rosatom) which was deemed to 

be too expensive 

 Sixth Phase: Era of intergovernmental agreements (2010–present) 

  Intergovernmental agreements (IGA)  signed with Russian Federation for the 

construction of a Build-Own-Operate nuclear power plant in Akkuyu (2010) 

 IGA signed with Japan on the construction of a NPP at Sinop (2013) 

Outcome: In progress [9-11]. 

CURRENT STATUS, PLANS AND FUTURE PROSPECTS 

Motivation 

Nuclear power in Turkey is framed as central to energy security and as the only “national energy” 

and necessary to meet growing demand. The ruling party’s economic plans frame nuclear power 

as central to the Turkey’s economic goals. Several commentators have also hailed it for 

increasing Turkey’s prestige. Currently, there is controversy as to the proliferation risk in Turkey; 

historically, proliferation concerns caused several western vendors to abandon negotiations. 

Capacity 

Turkey’s economy and electricity grid are both large enough to absorb a nuclear power plant 

though there are concerns about the capacity of the grid operator to regulate frequencies from the 

NPPs. In spite of the long-standing interest, Ankara has been unable to attract investment over 

the last five decades partly due to proliferation concerns and political instability. Turkey also has 

limited human resources capacity with one main research reactor. Furthermore, the program was 

abandoned following military coups. 

Strategy 

In Turkey the same organization (TAEK) has been both the promoter and regulator of nuclear 

energy and reports directly to the prime minister. Ankara has signed intergovernmental 

agreements with both Russia and Japan. In Turkey, the secrecy surrounding the program in the 

1980s and 90s was cited as one of the reasons for Western opposition. Today Ankara’s nuclear 

energy program is still subject to public opposition, which it has cast as “uncivil” [9, 10]. 
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Current Status and Future Prospects 

The current approach to introducing nuclear power in Turkey differs from historical 

arrangements. In the past, Turkey issued tenders for bids from international companies, whose 

involve-ment was limited to the construction and time-limited operation of nuclear power plants. 

This time, rather then issuing open tenders, Ankara is relying on intergovernmental agreements 

(IGAs) which allow vendors and the government to sidestep certain competi-tion rules. Thus, 

Law No. 5710, which regulates nuclear energy investments paves the way for foreign companies 

and their respec-tive governments to take a more active role in the construction of a nuclear 

power plant in Turkey and enables them to actually own the plant after construction. 

The new strategy also may inoculate Turkey against political opposition. While historically, 

parties and coalitions from different parts of the political spectrum pursued nuclear power, today 

two of the three main opposition parties oppose it. Under the current approach, the IGA with 

Russia has been ratified by the Turkish parliament and cannot be easily withdrawn in the case 

that the AKP loses power. 

Plans for nuclear power are a key aspect of the country's aim for economic growth, and it aims to 

cut back its vulnerable reliance on Russian and Iranian gas for electricity. The Ministry of Energy 

and Natural Resources (ETKB) projects 2020 electricity production as possibly 499 TWh in a 

high scenario of 8% growth, or 406 TWh with a low one with 6.1% growth. The state generation 

company is Elektrik Uretim AS (EUAS). Plans are to have 30 GWe of coal-fired capacity by 

2023, along with 4.8 GWe of nuclear capacity if all goes well. However, much of the country’s 

coal resources are lignite with low calorific value–less than 12.5 MJ/kg–and a substantial amount 

(Afsin Elbistan) at less than 5 MJ/kg (one-quarter of typical steam coal) with high sulphur [9, 

10].  

Ankara has declared an ambitious goal of building eight nuclear power reactors with a total 

capacity 10 GW.121 The government plans to launch the first two nuclear power plants and start 

building a third by 2023. Preparations have already begun for the construction of the 4.8 GW 

Akkuyu nuclear power plant, which will consist of four reactors [10]. 

Turkey’s Strategic Plan for 2019 plans to increase hydroelectric capacity from 25 GWe to 32 

GWe, wind capacity from 5 GWe to 10 GWe, geothermal capacity to 700 MWe, solar capacity to 

3 GWe and biomass capacity to 700 MWe. Renewables will be supported by feed-in tariffs and 



 

                                                  Nogay/ Kirklareli University Journal of Engineering and Science 2 (2016) 90-98  

 

Accelerating the Transition to Nuclear Energy Systems in Turkey                                                                                 96 

 

other mechanisms. Natural gas share of electricity generation is planned to drop from 44% to 

38%, and coal to increase from 40 to 60 TWh by 2019. The country’s National Renewable 

Energy Action Plan set out by the ETKB aims to boost the share of renewables in the energy mix 

to 30% by 2023, adding 61 GWe to enable secure energy supply and reduce carbon emissions. 

This means adding 34 GWe of hydropower, 20 GWe of wind, 5 GWe of solar, 1 GWe of 

geothermal and 1 GWe of biomass capacity. The plan will be assisted by the European Bank for 

Reconstruction and Development (EBRD).  The planned and proposed nuclear reactors for 

Turkey are illustrated in Table I [11].  

Table 1. Planned and Proposed Nuclear Power Reactors 

  Type MWe gross Start construction Start operation 

Akkuyu 1 VVER-1200 1200 late 2016 2023 

Akkuyu 2 VVER-1200 1200 2017 2023 

Akkuyu 3 VVER-1200 1200 2018 2024 

Akkuyu 4 VVER-1200 1200 2019 2025 

Sinop 1 Atmea1 1150 2017 2023 

Sinop 2 Atmea1 1150 2018 2024 

Sinop 3 Atmea1 1150   ? 

Sinop 4 Atmea1 1150   ? 

Igneada 1-4 AP1000x2, 

CAP1400x2 

2x1250 

2x1400 

    

 

RESULTS AND SUGGESTIONS  

This article examines the Turkish state’s motivation, capacity and strategy for implementing 

nuclear power. Nuclear power has been chased in Turkey since the 1950s by actually all political 

regimes and parties. In spite of this inexhaustible undertaking, the program has been unable to 

attract sufficient investment first due to the small size of the economy and later due to political 

instability and proliferation concerns. By studying Turkey’s five failed attempts we are able to 

reflect on national attributes which have been identified as “drivers” or “preconditions” of 
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nuclear power to determine whether these factors are sufficient for explaining nuclear energy 

development. 

The mainstay to successfully implemented nuclear energy policy, the same as in the large hydro-

electric power plant investment in a country, is that the political will to been in consensus with 

the community genuine about nuclear power. 

In order to meet the rising global energy demand by nuclear, large scale deployment of advanced 

nuclear reactors is required. Advanced reactors including SMRs are safe, economically 

competitive with other alternatives and can play a vital role in enhancing Turkey’s energy supply 

security. 

It is expected that the Akkuyu nuclear power plant project will use the innovative build-own-

operate (BOO) approach, under which Russia will supply fresh nuclear fuel and remove spent 

fuel back to Russia for the entire life of the nuclear power plant [10]. 

From an academic perspective, this paper shows that more research is needed on nuclear 

governance beyond the national level. The future of nuclear energy is clearly going to be shaped 

through bilateral relations between countries and understanding these dynamics will be key to 

ensuring the safe and secure development of nuclear power [11]. 
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Abstract 

For 𝑡 an integer, a  𝑃𝑡  set is defined as a set of 𝑚 positive integers with the property that the 

product of its any two distinct element increased by 𝑡 is a perfect square integer. 

In this study, the certain special  𝑃−5, 𝑃+5, 𝑃−7 and  𝑃+7 sets with size three are considered. It is 

demonstrated that they cannot be extended to 𝑃−5, 𝑃+5, 𝑃−7 and  𝑃+7 with size four. Also, some 

properties of them are proved. 

Mathematics Subject Classifications: 11D45, 11A07, 11A15.  

Keywords: 𝑃𝑡  Sets, Congruences, Reciprocity.  

 

 

BAZI ÖZEL KÜMELER ÜZERİNE 

Özet 

Bir 𝑡 tamsayısı için 𝑃𝑡  kümesi, herhangi iki tane farklı elemanının çarpımının 𝑡 fazlası bir 

tamkare olma özelliğine sahip 𝑚 tane pozitif tamsayıdan oluşan bir küme olarak tanımlanır. 

Bu çalışmada, üç elemanlı bazı 𝑃−5, 𝑃+5, 𝑃−7 ve 𝑃+7 kümeleri gözönüne alıniyor. Bu kümelerin 

dört elemanlı 𝑃−5, 𝑃+5, 𝑃−7 ve 𝑃+7 kümelerine genişletilemez olduğu gösteriliyor. Ayrıca, bu 

kümelerin bazı özellikleri kanıtlanıyor. 

 

Anahtar Kelimeler: 𝑃𝑡  kümeleri, Kongrüanslar, Karşıtlık. 
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1. INTRODUCTION 

Let 𝑡 be an integer. A Pt-set of size m is a set 𝐵 =  x1, x2, x3 … . xm  of distinct positive 

integers for which xixj + t is the square of an integer whenever i ≠ j. If there exists a positive 

integer n ∉ 𝐵 such that 𝐵 ∪ {n} is still a Pt-set, then the Pt-set  𝐵 can be extended.   

The simultaneous Pell equations have been studied by most of authors like Anglin, Baker, 

Dickson, Mordell, Davenport, Cohn, Mohanty,  Ramasamy, Pinch, Ponnudurai, Tzanakis, 

etc…In this topic, many authors applied Baker-Davenport method [2]  provided set {1, 3, 8,120} 

of size four to investigate similar problems. Besides, some authors such as Kanagasabapathy and 

Ponnudurai [8], Brown [3] studied on the number of the solutions of simultaneous Pell equations. 

The other like Mohanty and Ramasamy [12], Gopalan [6] as well as Filipin, Fujita and Mignotte 

[5] introduced the concept of characteristic number of two simultaneous Pell’s equations.  

Moreover, Anglin [1] presented a method for solving a system of Pell’s equations with the 

parameters in the boundry. Tzanakis [15] provided elliptic logarithm method using linear forms 

in elliptic logarithms. In [9], Katayama also partially described elliptic logarithm method for 

simultaneous Pell equations. Also, readers can look into [4, 7, 10, 11, 13, 14] references for more 

information about the 𝑃𝑡  sets and Pell equations. 

In this research paper, we will prove the sets  𝑃−5 = {1,6,9} , 𝑃−5 =  1,9,14 , 𝑃+5 =

 1,4,11 , 𝑃−7 =  1,16,23 , 𝑃−7 =  1,16,176 , 𝑃−7 =  2,8,16  and 𝑃+7 =  1,9,18  can not be 

extended with size four 𝑃−5, 𝑃+5, 𝑃−7 and  𝑃+7 sets. Also, we will demonstrate some properties of 

such sets. 

 

2. PRELIMINARIES 

Definition 2.1. ([14]) If 𝑚 ∈ 𝑁 and  𝑎 ∈ 𝑍 with gcd 𝑎,𝑚 = 1, then a is said to be a quadratic 

residue modulo 𝑚 if there exists an integer 𝑥 such that 

                                             𝑥2 ≡ 𝑎  𝑚𝑜𝑑 𝑚                                                                            (2.1) 

and if equivalence has no such solution, then a is a quadratic nonresidue modulo n. 

Definition 2.2. ([14])  If 𝑎 ∈ 𝑍 and 𝑝 > 2 is prime,then 

               
𝑎

𝑝
 =  

0 ,                                                  if  p a
1 ,   if a is quadratic residue modp

−1 ,                                            otherwise

                                                            (2.2) 
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and   
𝑎

𝑝
   is called the Legendre Symbol of 𝑎 with respect to 𝑝. 

The following is a fundamental result on quadratic residuacity modulo n. This term means 

the determination of whether n integer to be a quadratic residue or a non-residue modulo n. 

Theorem 2.1. ([14]) If   𝑝 ≠ 𝑞 are odd primes, then  

                                   
𝑝

𝑞
  

𝑞

𝑝
 = (−1)

𝑝−1

2
  .  

𝑞−1

2                                                                             (2.3) 

where  
.

.
  represents Legendre symbol. 

Theorem 2.2. ([14]) For any odd prime p, 

                                  
2

𝑝
 ≡  −1  𝑝

2−1 8   𝑚𝑜𝑑 𝑝                                                                     (2.4) 

Theorem 2.3. ([14]) Let   𝑠 > 1  be an integer,   𝑐 ∈ 𝑍 with  gcd 𝑐, 𝑠 = 1   and 

                                        𝑠 =  2𝑎0  𝑝𝑗
𝑎𝑗𝑚

𝑗=1                                                                               (2.5) 

be the canonical prime factorization of  𝑠  where 𝑎0 ≥ 0  and 𝑎𝑗 ∈ 𝑁 for the distinct odd primes 

𝑝𝑗  , 𝑗 = 1,2, … ,𝑚.  Then  

                                      𝑥2 ≡ 𝑐  (𝑚𝑜𝑑 𝑛)                                                                                  (2.6) 

is solvable if and only if 

                                              𝑎 𝑝𝑗  = 1                                                                                    (2.7) 

for all 𝑗 = 1,2, … ,𝑚 and 𝑎 ≡ 1   𝑚𝑜𝑑  gcd 8,2𝑎0  . 

Theorem 2.4. ([14]) If 𝑚, 𝑛 ∈ N are odd and relatively primes, then 

                                    
𝑚

𝑛
  

𝑛

𝑚
 = (−1)

𝑚−1

2
  .  

𝑛−1

2                                                                         (2.8) 

holds. 

 

3. MAIN THEOREMS AND RESULTS  

Theorem 3.1. The set P−5 = {1,6,9} can not be extended to the set  𝑃−5  with size 4. 

Proof. We assume that P−5 = {1,6,9} can be extended for any positive integer 𝑑. 

i.e, {1, 6,9, d}  is a P−5 set. We can find  𝑥, 𝑦, 𝑧 integers  such that; 

𝑑 − 5 = 𝑥2                                                                        (3.1) 

6𝑑 − 5 = 𝑦2                                                                        (3.2) 

9𝑑 − 5 = 𝑧2                                                                        (3.3) 



 

                                                  Özer/ Kirklareli University Journal of Engineering and Science 2 (2016) 99-108  

 

On The Some Particular Sets                                                                                                                      102 

 

by dropping d from (3.1) and (3.3) we obtain 

𝑧2 − 9𝑥2 = 40                                                                      (3.4) 

In (3.4), we can write left side as difference of two squares since 9 is a perfect square  𝑧 −

3𝑥𝑧+3𝑥=40. Also, it is clear that 40 can be factorized as finitely. So, integer solutions of (3.4) 

are obtained as following: 

 𝑥, 𝑧 =  ±3,±11                                                               (3.5) 

or  

  𝑥, 𝑧 =  ±1,±7                                                                 (3.6) 

Eliminating d from (3.1) and (3.2) simultaneously, then we obtain 

𝑦2 − 6𝑥2 = 25                                                                   (3.7) 

Using the solutions of equation (3.5) and substituting  𝑥2 = 9 into (3.7) we have 𝑦2 = 79 which 

𝑦 is not an integer solution. 

In a similar way, substituting (3.6) solutions (𝑥2 = 1) into the (3.7), we get  𝑦2 = 31.  This 

shows that 𝑦 is not integer for the solution of (3.7). Thus, there is no a such 𝑑 ∈ 𝑍 and the set  

P−5 = {1,6,9} can not be extended. 

 

Theorem 3.2. The set P−5 = {1,9,14} is nonextendible. 

Proof. It can be proved in a similar way of the proof of Theorem 3.1. Suppose that P−5 =

{1,9,14} can be extended for any positive integer 𝑑. It means that {1, 9, 14, d}  is a P−5 set.  

We can find  𝑥, 𝑦, 𝑧 integers  such that; 

𝑑 − 5 = 𝑥2                                                                        (3.8) 

9𝑑 − 5 = 𝑦2                                                                        (3.9) 

14𝑑 − 5 = 𝑧2                                                                      (3.10) 

by dropping d from (3.8) and (3.9) we obtain 𝑦2 − 9𝑥2 = 40 which correspond to (3.4) equation. 

In the previous proof we solved this equation and obtained solutions as  𝑦, 𝑥 =  ±11,±3   or  

 𝑦, 𝑥 =  ±7,±1 . Eliminating d from (3.8) and (3.10) simultaneously, then we get 

𝑧2 − 14𝑥2 = 65                                                                   (3.11) 

Using  𝑦, 𝑥 =  ±11,±3  solution and substituting  𝑥2 = 9 into the (3.11), we obtain 𝑧2 = 191 

which 𝑧 is not an integer. 

In a similar way, considering  𝑦, 𝑥 =  ±7,±1  solutions and substituting  𝑥2 = 1 into 
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the (3.11), we get  𝑧2 = 79.  This shows that 𝑧 is not integer. 

Thus, there is no such 𝑑 ∈ 𝑍 and the set  P−5 = {1,9,14} can not be extended. 

 

Theorem 3.3. The set  𝑃+5 =  1,4,11  is nonextendable to set 𝑃+5 with size four. 

Proof. We assume that the set   1,4,11, 𝑑  is a 𝑃+5 for any positive integer 𝑑. If we consider the 

definition of 𝑃+5, then we have 

𝑑 + 5 = 𝑥2                                                                   (3.12) 

4𝑑 + 5 = 𝑦2                                                                   (3.13) 

11𝑑 + 5 = 𝑧2                                                                    (3.14) 

We have to find integers 𝑥, 𝑦, 𝑧, satisfying (3.12), (3.13) and (3.14). From (3.12) and (3.13) we 

get 

4𝑥2 − 𝑦2 = 15                                                            (3.15) 

and from (3.12) and (3.14) we have 

11𝑥2 − 𝑧2 = 50                                                           (3.16) 

By the same manner of  the  proof  of  above theorems and  factorising (3.15) we get; 

 2𝑥 − 𝑦  2𝑥 + 𝑦 = 15                                                   (3.17) 

If we get the solutions of equation (3.17), we obtain (x,y)=( ±4,±7) and (x,y)=(±2,±1). If we 

substituting 𝑥2 = 16 or 𝑥2 = 4 into the (3.16) then we obtain 𝑧2 = 126 which 𝑧 is not an integer 

or 𝑧2 = −6 which is impossible, consecutively. So, there is no any integer 𝑧 satisfying the 

equation (3.16). 

Hence, the set  𝑃+5 =  1,4,11  is non-extendable. 

 

Theorem 3.4. The set  𝑃+7 =  1,9,18  can not extendible. 

Proof. Suppose that the set   1,9,18, 𝑑  is a 𝑃+7 for any positive integer 𝑑. Using the definition of 

set 𝑃+7, then we obtain  

𝑑 + 7 = 𝑥2                                                                (3.18) 

9𝑑 + 7 = 𝑦2                                                                (3.19) 

18𝑑 + 7 = 𝑧2                                                                (3.20) 

We have to find integers 𝑥, 𝑦, 𝑧, holding (3.18), (3.19) and (3.20). From (3.18) and (3.19) we get 

9𝑥2 − 𝑦2 = 56                                                             (3.21) 
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and by using (3.19) and (3.20) we obtain 

−𝑧2 + 2𝑦2 = 7                                                              (3.22) 

By factorising (3.21) we have 

 3𝑥 − 𝑦  3𝑥 + 𝑦 = 56                                                        (3.23) 

If we search the solutions of the (3.23), we get  𝑥, 𝑦 =  ±5,±13  and  𝑥, 𝑦 =  ±3,±5 . If we 

substituting 𝑦2 = 169 or 𝑦2 = 25 into the (3.22), then we get 𝑧2 = 331 or 𝑧2 = 43 not integer 

solution of (3.22) consecutively.  

Therefore, the set  𝑃+7 =  1,9,18  is nonextendable. 

 

Theorem 3.5. The set  𝑃−7 =  2,8,16  is nonextendable. 

Proof. We assume that the set   2,8,16, 𝑑  is a 𝑃−7 for any positive integer 𝑑. By considering the 

definition of the set 𝑃−7, then we get 

2𝑑 − 7 = 𝑥2                                                                (3.24) 

8𝑑 − 7 = 𝑦2                                                                (3.25) 

16𝑑 − 7 = 𝑧2                                                                (3.26) 

We have to find integers 𝑥, 𝑦, 𝑧, satisfying above equations. From (3.24) and (3.25), we get 

𝑦2 − 4𝑥2 = 21                                                            (3.27) 

and by using (3.25) and (3.26), we obtain 

𝑧2 − 2𝑦2 = 7                                                             (3.28) 

Considering the factorization of (3.27), we have 

 𝑦 − 2𝑥  𝑦 + 2𝑥 = 21                                                   (3.29) 

We obtain (x,y)=( ±5, ±11) or (x,y)=( ±1, ±5). If we substituting 𝑦2 = 121 or 𝑦2 = 25 into the 

(3.28), then we get 𝑧2 = 249 or 𝑧2 = 57 consecutively. So, there is no any integer 𝑧 holding the 

(3.28) equation. 

Hence, the set  𝑃−7 =  2,8,16  is non-extendable. 

 

Theorem 3.6. The sets  𝑃−7 =  1,16,23  and 𝑃−7 =  1,16,176  are nonextendable. 

Proof. Let the set   1,16,23, 𝑑  is a 𝑃−7 for any positive integer 𝑑. Then we have  

𝑑 − 7 = 𝑥2                                                                (3.30) 

16𝑑 − 7 = 𝑦2                                                                (3.31) 
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23𝑑 − 7 = 𝑧2                                                                (3.32) 

From (3.30) and (3.31) we obtain 

𝑦2 − 16𝑥2 = 105                                                              (3.33) 

and by using (3.30) and (3.32) we obtain 

𝑧2 − 23𝑥2 = 154                                                              (3.34) 

Using the factorization of (3.33) we get 

 𝑦 − 4𝑥  𝑦 + 4𝑥 = 105                                                        (3.35) 

We get  𝑥, 𝑦 =  ±13,±53 ,  𝑥, 𝑦 =  ±4,±19 ,  𝑥, 𝑦 =  ±2,±13  or  𝑥, 𝑦 =  ±1,±11 . If 

we substituting 𝑥2 = 169 into the (3.34), then we get 𝑧2 = 4041 which 𝑧 isn’t an integer holding 

the (3.34) equation. In the same manner, substituting 𝑥2 = 16 , 𝑥2 = 4 or 𝑥2 = 1  into the (3.34), 

we get 𝑧2 = 522, 𝑧2 = 246 or 𝑧2 = 177 that 𝑧 is not an integer holding the (3.34) equation 

either. 

Therefore, the set  𝑃−7 =  1,16,23  is non-extendable. 

For the set 𝑃−7 =  1,16,176 , we have  (3.30) and (3.31) with the equation 

176𝑑 − 7 = 𝑧2                                                                  (3. 36) 

From (3.30) and (3.36), we have  

𝑧2 − 176𝑥2 = 1225                                                              (3.37) 

If we put the solutions of (3.33) into the (3.37), then we  get 𝑧2 = 30969, 𝑧2 = 4041, 𝑧2 =

1929 or 𝑧2 = 1401 which 𝑧 isn’t an integer holding the (3.37). As a consequence, 𝑃−7 =

 1,16,176  can not extendible. 

 

Theorem 3.7. There is no set 𝑃−5 includes any  multiple of 4, 11 or 17. 

Proof. (i) Suppose that 𝑚  is an element of set  𝑃−5. If  4𝑟 is also an element of set  𝑃−5  for 𝑟 ∈

𝑍, then  

4𝑟𝑚 − 5 = 𝑎2                                                               (3.38) 

has to satisfy for integer 𝑎.  If we apply (modulo 4) into the (3.38), we have  

𝑎2 ≡ 3  𝑚𝑜𝑑 4                                                               (3.39) 

If 𝑎 is even integer, then 𝑎2 ≡ 0  𝑚𝑜𝑑 4  holds. If 𝑎 is odd integer, then 𝑎2 ≡ 1  𝑚𝑜𝑑 4  holds. 

So, there is no an integer satisfying 𝑎2 ≡ 3  𝑚𝑜𝑑 4 .  
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Hence, there is no set 𝑃−5 includes any multiple of 4. 

 

(ii) Assume that 𝑚  is an element of set 𝑃−5. If  11𝑠 is also an element of set  𝑃−5  for 𝑠 ∈ 𝑍 ,then  

11𝑠𝑚 − 5 = 𝑏2                                                               (3.40) 

has to satisfy for integer 𝑏.  If we apply (modulo 11) on the (3.40), we get 

𝑏2 ≡ 6  𝑚𝑜𝑑 11                                                               (3.41) 

Using Theorem 2.2. and the Definition 2.2 or considering residue classes (modulo 11), we 

obtain 𝑏2 ≡ 1,3,4,5,9  𝑚𝑜𝑑 11  which not satisfies 𝑏2 ≡ 6  𝑚𝑜𝑑 11 . (It means that there is no 

any 𝑏 integer holding  (3.41)). This is a contradiction. So, there is no 𝑃−5 set contains any 

multiple of 11.   

 

(iii) Similarly, if we suppose that 𝑚  is an element of set  𝑃−5 and 17𝑘 is also an element of set  

𝑃−5   for 𝑘 ∈ 𝑍, then we have, 

                                  𝑐2 ≡ 12  𝑚𝑜𝑑 17                                                               (3.42) 

Using residue classes (modulo 17), we have 𝑐2 ≡ 1,2,4,8,9,13,15  𝑚𝑜𝑑 17  which implies that 

there is no integer holding 𝑐2 ≡ 12  𝑚𝑜𝑑 17 . This is a contradiction. As a consequence, there is 

no set 𝑃−5 involves any  multiple of 17.                                                           

 

Theorem 3.8. There is no set 𝑃+5 contains any multiple of 3,7 or 13. 

Proof.  (i)Assume that 𝑛  is an element of set 𝑃+5. If  3𝑢 is also an element of set  𝑃+5  for 𝑢 ∈ 𝑍 

,then  

3𝑢𝑛 + 5 = 𝐴2                                                               (3.43) 

has to satisfy for some integer 𝐴.  If we apply (modulo 3) on the (3.43), we obtain  

𝐴2 ≡ 2  𝑚𝑜𝑑 3                                                               (3.44) 

 By using Theorem 2.2  and the Definition 2.2, we have 

  
2

3
 ≡ (−1)

1

8
(32−1) = −1                                                (3.45) 

since 3 is odd prime number. This means that equation (3.44) is unsolvable, i.e. 2 is non quadratic 

residue (mod 3). This is a contradiction.  

Therefore, 3𝑢 can not be an element of  𝑃+5 for 𝑢 ∈ 𝑍.  
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(ii)  In a similar manner, suppose that 𝑟 is an element of set 𝑃+5 and 7𝑡,  𝑡 ∈ 𝑍  is also an element 

of set  𝑃+5 then  

7𝑡𝑟 + 5 = 𝐵2                                                          (3.46) 

has to satisfy for integer 𝐵. Applying  (modulo 7) of both sides, we get 

                                                       𝐵2 ≡ 5  𝑚𝑜𝑑 7                                                                 (3.47)  

We have to calculate the Legendre symbol  
5

7
  by using Theorem 2.1 and Definition 2.2. From 

Theorem 2.1, we obtain 

  
5

7
  

7

5
 = (−1)

5−1

2
  .  

7−1

2 = +1                                                    (3.48)  

since 5 and 7 are odd primes. By substituting   
7

5
 =  

2

5
 = −1 into the (3. 48) then we have  

 
5

7
 = −1 which means that equation (3.47) is unsolvable. So 7𝑡 can not be an element of  𝑃+5 

for 𝑡 ∈ 𝑍. 

 

(iii) Similarly, suppose that 𝑟 is an element of set 𝑃+5 , If  13𝑛,  𝑛 ∈ 𝑍  is also an element of set  

𝑃+5 then  

13𝑛𝑟 + 5 = 𝐶2                                                          (3.49) 

has to satisfy for integer 𝐶. Applying  (modulo 13) of both sides, we have                                                 

    𝐶2 ≡ 5  𝑚𝑜𝑑 13                                  (3.50) 

By using Theorem 2.1 and Definition 2.2, then we obtain 

  
5

13
  

13

5
 = (−1)

5−1

2
  .  

13−1

2 = +1                                       (3.51)  

since 5 and 13 are odd primes. By substituting   
13

5
 =  

3

5
 = −1 into the (3.51) then we have  

 
5

13
 = −1 which implies that equation (3.50) is unsolvable. So 13𝑛 can not be an element of  

𝑃+5 for 𝑛 ∈ 𝑍. 

 

Remark 3.9. We can prove that there is no set 𝑃+7 contains any positive multiple of 4,5 or 11 

and there is no set 𝑃−7 contains any positive multiple of 6,13 or 17 by using the similar way of 

the proof of the Theorem 3.7 or Theorem 3.8. 
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Abstract 

 

In this paper, we first obtain the differential equation characterizing position vector of a regular 

curve in Euclidean plane
2E . Then we study the special curves such as Smarandache curves, 

curves of constant breadth due to the Bishop frame in Euclidean plane
2E . We give some 

characterizations of these special curves due to the Bishop frame in Euclidean plane 
2E . 
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2E ÖKLİD DÜZLEMİNDE BİSHOP ÇATISINA GÖRE EĞRİLERİN     

BAZI KARAKTERİZASYONLARI ÜZERİNE BİR İNCELEME 
 

Özet 

 

Bu makalede, öncelikle 
2E  Öklid düzleminde regüler bir eğrinin konum vektörünü karakterize 

eden diferensiyel denklemi elde ediyoruz. Sonra Smarandache eğrileri, sabit genişlikli eğriler gibi 

özel eğrileri 
2E  Öklid düzleminde Bishop çatısına göre inceliyoruz. Bu özel eğrilerin bazı 

karakterizasyonlarını veriyoruz. 

AMS Konu Sınıflandırması: 53A35, 53A40, 53B25 

 

Anahtar kelimeler: Regüler düzlem eğrisi, Öklidyen düzlem, Bishop çatısı, Smarandache 

eğrileri, Sabit genişlikli eğriler. 
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1. INTRODUCTION 

 

There are lots of interesting and important problems in the theory of curves at differential 

geometry. One of the interesting problems is the problem of characterization of a regular curve in 

the theory of curves in the Euclidean and Minkowski spaces, see, [4], [9]. 

Special curves are classical differential geometric objects. These curves are obtained by 

assuming a special property on the original regular curve. Some of them are Smarandache curves, 

curves of constant breadth, Bertrand curves, and Mannheim curves, etc. Studying curves can be 

differed according to frame used for curve. Recently, in the studies of classical differential 

geometry of curves, one of  the most used frames is parallel transport frame, also called Bishop 

frame which is an alternative frame needed for non-continously differentiable curves on which 

Bishop (parallel transport frame) frame is well defined and constructed in Euclidean and its 

ambient spaces [2]. 

Smarandache curves are regular curves whose position vectors are obtained by the Bishop 

frame vectors on another regular curve [16]. M. Turgut and S. Yılmaz have defined a special case 

of such curves and call it Smarandache 2TB  curves in the space 4

1E  [16] and Turgut also studied 

Smarandache breadth of pseudo null curves in 4

1E  [17] .  A.T. Ali has introduced some special 

Smarandache curves in the Euclidean space [1]. Moreover, special Smarandache curves have 

been investigated by using Bishop frame in Euclidean space [3]. 

Curves of constant breadth were introduced by L.Euler [5]. M. Fujivara had obtained a 

problem to determine whether there exist space curve of constant breadth or not, and he defined 

breadth for space curves on a surface of constant breadth [6] .Some geometric properties of plane 

curves of constant breadth were given in [12]. And, in another work [13], these properties were 

studied in the Euclidean 3-space
3E . Moreover, In [15], these curves were studied in four 

dimensional Euclidean space 4 .E  

In the scope of our study we will take Smarandache curves, and curves of constant 

breadth into consideration due to the Bishop frame in Euclidean plane 2 .E  As much as we look at 

the classical differential geometry literature of the works in Euclidean plane
2 ,E  the works were 

rare, see, [7], [8], [10], [11]. First, we obtain the differential equation characterizing position 
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vector of curve due to the Bishop frame in Euclidean plane 2 .E  Then we study the special curves 

due to the Bishop frame in Euclidean plane 2 .E We give some characterizations of these special 

curves in 2 .E  

 

2. PRELIMINARIES 

 

Let 
2E  be the Euclidean plane with metric  

 ,= 2

2

2

1 dxdxg   (1) 

 where 1x  and 2x  are rectangular coordinate system. A vector r  of 
2E  is said to be spacelike if 

0>),( rrg  , or 0=r , timelike if 0<),( rrg  and null if 0=),( rrg  for 0r  [7]. 

A curve x  is a smooth mapping 

 
2: ,x I E  

from an open interval I  onto 
2E . Let s  be an arbitrary parameter of x , then we denote the 

orthogonal coordinate representation of x  as ))(),(( 21 sxsxx =  and also the vector 

 T
ds

dx

ds

dx

ds

dx
=),(= 21  (2) 

 is called the tangent vector field of the curve )(= sxx  and also 1=,TT  [7]. 

In the rest of the paper, we shall consider curves due to the Bishop frame. The Bishop 

derivative formula is given as follows:  

 ,.
0

0
=

11

1

1






























M

T

k

k

M

T
'

'

 (3) 

 where  

 )(= 11 skk  (4) 

 is the curvature of the unit speed curve )(= sxx . The vector field 1M  is called the second 

Bishop vector field of the curve )(sx . 
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3.  POSITION VECTOR OF A CURVE IN 
2E  

 

Let )(= s  be an unit speed curve due to the Bishop frame in the plane 
2E . Then we 

can write position vector of )(s  with respect to the Bishop frame as 

 ,=)(= 121 MTsXX    (5) 

 where 1  and 2  are arbitrary functions of s . Differentiating (5) and using Frenet equtaions we 

have a system of ordinary differential equations as follows: 

 












0.=

0,=1

11
2

12
1

k
ds

d

k
ds

d







 (6) 

Using (6) 1  in (6) 2  we obtain  

 0.=1)](
1

[ 11
1

1

k
ds

d

kds

d



  (7) 

The differential equation of second order, according to ,1  is a characterization for the 

curve ).(= sxx  Using change of variable dsk
s

1
0

=   in (7), we arrive 

 .=

)
1

(

12

1

2

1 







d

d

d

k
d

 (8) 

By the method of variation of parameters and solution of (8) we have 

 ,cosh
1

sinhsinh
1

cosh=
1

0
1

0
1 

















  



d
k

Bd
k

A  

where , .A B R  Rewriting the change of variable, we get  

 
1 1 1

0 0 0

1 1
0 0 0

= cosh( ) sinh( )

sinh( ) cosh( ) .

s s

s s

k ds A k ds d

k ds B k ds d





 



 
  

  
  

  

  
 (9) 

Denoting differentiation of the equation (9) as ,)(=1 sl
ds

d
 and using (6) we have  
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  .1)(
1

=
1

2 sl
k

  (10) 

Hence we give the following theorem: 

Theorem 3.1. Let )(= s  be an arbitrary unit speed curve due to the Bishop frame in 

Euclidean plane 
2E , Position vector of the curve )(= s  with respect to the Bishop frame can 

be composed by the following equation  

 

  .)1)(
1

())(cosh)(sinh

)(sinh)(cosh(=

)(=

1

1

1
00

1
0

1
00

1
0

Msl
k

TddskBdsk

ddskAdsk

sXX

ss

ss






 





 













 

Theorem 3.2. Let )(= s  be an arbitrary unit speed curve due to the Bishop frame in 

Euclidean plane 
2E . Position vector and curvature of it satisfy the differential equations of third 

order 

 0.=
1

12

2

1 ds

d
k

ds

d

kds

d 









 

Proof. Let )(= s  be an arbitrary unit speed curve in Euclidean plane 
2E . Then the Bishop 

derivative formula holds (3) 1  in (3) 2 , we easily have  

 0.=
1

1

1

Tk
ds

dT

kds

d









 (11) 

Let .== 


T
ds

d
 So, expression of (11) can be written as follows:  

 0,=
1

12

2

1 ds

d
k

ds

d

kds

d 









 (12) 

 formula (12) completes the proof. 

Let us solve equation (11) with respect to t . Here we know ,  

 ),,(=),(= 2121  ttt  

using the change of variable dsk
s

1
0

=   in (12) we get 
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 0,=
2

2





d

td
 (13) 

 or in parametric form it is 

 0,=0,=
2

2

2

2

1

2








d

td

d

td
 (14) 

 as the solution of (14), we obtain 

 








,sinhcosh=

,sinhcosh=

432

211





t

t
 (15) 

 where i R   for 4.1  i  

4. SPECIAL CURVES IN 
2E  

 

In this section we will study some special curves such as Smarandache curves, Circular 

indicatrices, and curves of constant breadth in Euclidean plane 
2E . 

 

4.1. Smarandache Curves 

A regular curve in Euclidean plane 
2E  whose position vector is composed by Bishop 

frame vectors on another regular curve, is called a Smarandache curve due to the Bishop frame. 

In this section we will study 1TM Smarandache curve as the only Smarandache curve of 

Euclidean plane 
2E . 

Definition 4.1 ( 1TM Smarandache curves). Let )(= s  be a unit speed curve due to 

the Bishop frame in 
2E  and }{


1, MT  be its moving the Bishop frame, here 



1, MT  are the 

tangent and principal normal vectors of the smarandache curve of the curve . The curve 

)(= s  is said to be 1TM Smarandache curve whose form is  

  .
2

1
=)( 1

 MTs 
 (16) 

We can investigate the Bishop invariants of 1TM Smarandache curves according to 

).(= s  Differentiating (16) with respect to s  gives us  
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  .
2

1
== 111


 TkMk

ds

ds

ds

d





  (17) 

Rearranging of this expression we get 

  ,
2

1
= 111



 TkMk
ds

ds
T 



 (18) 

 by (18) we have 

 ,= 1

k
ds

ds
 (19) 

 hence using (18) and (19) we find the tangent vector of the curve   as follows: 

 
 

,
2

= 1





TM
T


  (20) 

 and differentiating (20) with respect to s , we have  

 
 

.
2

= 111


 MkTk

ds

ds

ds

dT 


  (21) 

 Substituting (19) in (21), we obtain 

 
 

.
2

= 1





MT
T

' 
 

The curvature and principal normal vector field of the curve   are, respectively, 

 ,
2

)()(
==

2

1

2

1





MT
kT

' 
 

and 

 
 

.
)()(

=
2

1

2

1
1 




MT

MT
M




 

 

4.2. Curves of Constant Breadth 

 

Let )(= s  and )(= s   be simple closed curve due to the Bishop frame in 

Euclidean plane 
2E  These curves will be denoted by C  and C . The normal plane at every point 

p  on the curve meets the curve at a single point q  other then p  . We call the point q  as the 
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opposite point of p . We consider curves in the class   as in Fujivara (1914) having parallel 

tangents T  and 
T  in opposite directions at the opposite points   and 

  of the curve. 

A simple closed curve of constant breadth having parallel tangents in opposite directions 

at opposite points can be represented with respect to the Bishop frame by the following 

 ,= 1MT  
 (22) 

 where   and   are arbitrary functions of s  and   and 
  which are opposite points. 

The vector  

  =d  

is called "the distance vector" between the opposite points of C  and .C  Differentiating (29), 

and considering Frenet derivative equations (3), we have 

 TkM
ds

d
MkT

ds

d
T

ds

ds
T

ds

d
1111== 












 

 Since 

 =
d

T
ds


and = ,

d
T

ds





 

and using Bishop derivative formulas, we get 

                        .)()(1= 111 M
ds

d
kTk

ds

d

ds

ds
T










   (23) 

Since 

 = ,T T  and 
1 1= ,M M   (24) 

 and using (31) in (30), we obtain 

 1= 1,
ds d

k
ds ds






  and 1 = 0.
d

k
ds


   (25) 

Let   be the angle between the tangent vector T  at a point )(s  of an oval and a fixed 

direction, then we have  

 
1

1
= = ,

ds

d k



 and 

1

1
= = .

ds

d k








 (26) 

Using (33) in (34), the equation (32) becomes as 
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









 

,=

),(==












d

d

f
d

d

 (27) 

  eliminating   in (34) we obtain the linear differential equation of the secon order as 

 ),(=
2

2





f

d

d
  (28) 

 where 
  =)(f . 

By general solution of the equation (35) we find 

 ),sin)((cos)cos)((sin= 1
0

2
0

ltdttfltdttf  


  

where 21, ll  are scalars. Also using 





d

d
=  in (34) we obtain the value of   as 

 ).sin)((sin)cos)((cos= 1
0

2
0

ltdttfltdttf  


  

Hence using (29) the position vector of the curve 
  is given as follows 

 
.)]sin)((cos)cos)((sin[

)]sin)((sin)cos)((cos[=

11
0

2
0

1
0

2
0

Mltdttfltdttf

Tltdttfltdttf

















 

If the distance between opposite points of C  and C

 is constant, then we can write that 

 

 .,== const  
 (29) 

 and differentiating (36) we have 

 0,=










d

d

d

d
  (30) 

  and also taking the system (34) and (37) together into consideration, we obtain  

 0,=







 






d

d
 (31) 

 so we arrive at  

 = 0 or =
d

d





 (32) 
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 Due to the cases in (39), we will consider the conditions below: 

If 0,=  then from (34) we find that ( ) = .f const ,  and = .const  

If .,=0 const and also supposing that ,= 





d

d
 then we obtain 0.=  

If ),Rcc 11 (,=  then the equation (29) tuns into 

 .= 1Tc   (33) 

If ,= 




d

d
 then from (34) we have ( ) = 0,f  and 

0
= .d



    

If .,==0= 2 constc
d

d





then from (34) we obtain ( ) = 0,f  and = 0.  

Hence the equation (29) becomes as follows:  

 .= 12Mc   (34) 
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Abstract  

The preparing and structure determination of new phthalonitrile complex bearing umbelliferone 

substituent and its phthalocyanine derivatives [M= metal-free, zinc (II), cobalt (II), copper (II)] 

were made. The structures of these original complexes were characterized by infrared, proton 

nuclear magnetic resonance, ultraviolet-visible and mass spectroscopic methods. 

 

Keywords: Phthalocyanine; Coumarin; Spectroscopy. 

 

 

UMBELLIFERON GRUPLARI İÇEREN FTALOSİYANİNLERİN 

SENTEZİ, KARAKTERİZASYONU ve SPEKTROSKOPİK 

ÖZELLİKLERİNİN İNCELENMESİ  

Özet 

Bu çalışmada umbelliferon sübstitüe ftalonitril bileşiği ve non-periferal olarak sübstitüe metalsiz, 

çinko (II), kobalt (II), bakır (II) metalli ftalosiyanin türevleri ilk kez sentezlenerek yapıları 

aydınlatılmıştır. Bu orjinal bileşiklerin yapıları infrared, proton nükleer magnetik rezonans, 

ultraviyole-görünür bölge ve kütle spektroskopisi gibi spektroskopik metodlardan elde edilen 

verilerle tayin edilmiştir.  
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1. INTRODUCTION 

Coumarins (benzopyran-2-one), generates an elite class of inherently happening complexes [1]. 

Umbelliferone (7-hydroxycoumarin or 7-hydroxychromen-2-one), esculetin and scopoletin are 

the most widespread coumarins in nature. [2] Different pharmacological activities of coumarins 

fundamentally depend on the kind of coumarin center which contains antibacterial [3], 

scavenging of reactive oxygen species (ROS) [4], anti-inflammatory [5], anticoagulant [6], and 

anticancer activity [7].  In addition the biologic using, the literature includes their applications 

from the equipment line of vision like additives in nutrition, fragrances, cosmetics, optical 

brighteners and would diffused fluorescent and laser dyes. [8-10]. 

Phthalocyanine (Pc) is a highly blue-green colorful aromatic macrocyclic complex [11]. Pcs are 

widely used as pigments, paints, nonlinear optical matters, liquid crystals, sensitizers, in 

photochemical effects or photovoltaic cells, and photodynamic reagents for carcinoma treatment 

[12-14]. Devoted specificity in numerous using of Pcs can be made by changing of the Pc circle 

or by replaces in the central metal or axial ligands [11, 12]. 

Lately, we have described on the preparing and structure determination of the various coumarin 

susbtituted Pcs [15-17]. In this work, the formation and characterization of original, solvable, Pcs 

(M = 2H, Zn, Co, Cu) having umbelliferone (7-hydroxycoumarin) moieties are reported. 

 

2. EXPERIMENTAL 

2.1. Materials and Equipment 

Umbelliferone, zinc (II) acetate, potassium carbonate (K2CO3) and 1,8-diazabicyclo[5.4.0]undec-

7-ene (DBU) were acquired from Sigma-Aldrich. All solvents were dehydrated as explained by 

reference [19]. 3-Nitrophthalonitrile was obtained by noticed method [20]. The purity of the 

products was controlled at all state of reactions by TLC (SiO2). FT-IR, UV-Vis and 
1
H NMR 

spectra were saved on a Shimadzu FTIR-8300, Shimadzu UV-2450 and Varian Unity Inova 500 

MHz spectrometers, respectively.  Mass spectra were made on a Bruker Autoflex III MALDI-

TOF spectrometer using 2,5-dihydroxybenzoic acid (DHB, 0.02 g/mL in THF, tetrahydrofuran) 

as matrix. 
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2.2. Synthesis 

2.2.1. 3-(2-Oxo-2H-chromen-7-yloxy) phthalonitrile (1) 

A mixture of umbelliferone (1.00 g, 6.10x10
-3

 mol) and 3-nitrophthalonitrile (1.06 g, 6.10 x10
-3

 

mol) were mixed in dried dimethylformamide (DMF) (10 mL), and K2CO3 (1.70 g, 12.00 x10
-3

 

mol) was added. The reaction mixture was blended at 50
o
C for 3 days. An iced HCl solution 

(10%) was added on the mixture. Occurring precipitate was filtered, washed with water to 

neutrality and dried. The raw products were cleaned by crystallization from ethyl alcohol. 

Yield: 1.300 g (73%). M.p.: 229
o
C. FT-IR (KBr), υmax/(cm

-1
): 3066-3028 (Ar-CH), 2225 (C≡N), 

1720 (C=O), 1589-1450 (C=C), 1245 (Ar–O–C). 
1
H NMR (d-DMSO, 500 MHz): 7.25 (d, J= 2 

Hz, 1H, Ar–H), 7.80 (d, J= 8 Hz, 1H, Ar–H), 7.55 (dd, J= 2 Hz, 8 Hz, 1H, Ar–H), 7.91 (d, J= 2 

Hz, 1H, Ar–H), 7.15 (dd, J= 2 Hz, 8 Hz, 1H, Ar–H), 8.07 (d, J= 8 Hz, 1H, Ar–H), 8.13 (d, J= 8 

Hz, 1H, lactone 4-H), 6.45 (d, j= 8 Hz, 1H, lactone 3-H). UV-VIS (DMF, 1.10
-5

 M) λ (log ε) 

(nm): 307 (3.98). MS (MALDI-TOF); m/z: 288 [M]
+
, found: 288 [M]

+
, 289 [M+1]

+
. 

 

2.2.2.  1,8,15,22-Tetrakis[4-(2-oxo-2H-chromen-7-yloxy)] phthalocyanine (2) 

Ligand 1 0.10 g (0.34x10
-3

 mol) and dry 2-(dimethylamino)ethanol (2 ml) were stirred at reflux 

temperature for 2 days in a closed glass tube. The green product was precipitated by adding 

methyl alcohol (2 ml). Obtained crude Pc filtered and cleaned with water, methyl alcohol, 

acetonitrile, ethyl acetate, acetone, acetic acid, tetrahydrofuran and diethyl ether.  

Yield: 0.047g (47%). M.p.>300
o
C. FT-IR (KBr), υmax/(cm

-1
): 3292 (NH), 3068-2931 (Ar-CH), 

1726 (C=O), 1602 (C=C), 1230 (Ar–O–C). UV-VIS (DMF, 1.10
-5

 M) λ (log ε) (nm): 677 (4.36), 

630 (4.13), 320 (4.52). MS (MALDI-TOF, DHB as matrix); m/z 1154, found: m/z 1154 [M]
+
. 

 

2.3. Common preparing method for metallo phthalocyanines (3-5)  

Metal salt [Zn(AcO)2.2H2O (0.019 g, 0.085 x10
-3

 mol), Co(AcO)2.4H2O (0.021 g, 0.085 x10
-3

 

mol) or Cu(AcO)2 (0.016 g, 0.085 x10
-3

 mol)], ligand 1 0.10 g (0.34 x10
-3

 mol) and DBU (10 µL) 

were mixed in dried hexanol (2 mL). The mixture was blened at reflux temperature for 1 day in a 

closed glass tube. The green product was precipitated by adding methyl alcohol (2 ml). Obtained 

crude Pc filtered and cleaned with water, methyl alcohol, acetonitrile, ethyl acetate, acetone, 
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acetic acid, tetrahydrofuran and diethyl ether.  

 

2.3.1. 1,8,15,22-Tetrakis[4-(2-oxo-2H-chromen-7-yloxy)] phthalocyaninato zinc (II) (3) 

Yield: 0.075 g (71%). M.p.>300
o
C. FT-IR (KBr), υmax/(cm

-1
): 3082-2941 (Ar-CH), 1734 (C=O), 

1587 (C=C), 1232 (Ar–O–C). UV-VIS (DMF, 1.10
-5

 M) λ (log ε) (nm): 685 (4.85), 316 (4.64). 

MS (MALDI-TOF, DHB as matrix); m/z 1217, found: m/z, 1217 [M]
+
. 

 

2.3.2. 1,8,15,22-Tetrakis[4-(2-oxo-2H-chromen-7-yloxy)]phthalocyaninato cobalt (II) (4) 

Yield: 0.072 g (69%). M.p.>300
o
C. FT-IR (KBr), υmax/(cm

-1
): 3076-2931 (Ar-CH), 1730 (C=O), 

1602 (C=C), 1230 (Ar–O–C). UV-VIS (DMF, 1.10
-5

 M) λ (log ε) (nm): 674 (4.42), 319 (4.66). 

MS (MALDI-TOF, DHB as matrix); m/z 1211, found: m/z 1211 [M]
+
, 1212 [M+1]

+
. 

 

2.3.3.  1,8,15,22-Tetrakis[4-(2-oxo-2H-chromen-7-yloxy)]phthalocyaninato copper (II) (5) 

Yield: 0.068 g (64%). M.p.>300
o
C. FT-IR (KBr), υmax/(cm

-1
): 3070-2958 (Ar-CH), 1730 (C=O), 

1605 (C=C), 1232 (Ar–O–C). UV-VIS (DMF, 1.10
-5

 M) λ (log ε) (nm): 682 (4.11), 318 (4.35). 

MS (MALDI-TOF, DHB as matrix); m/z 1216, found: m/z 1216 [M]
+
. 

 

3. RESULTS AND DISCUSSION 

Starting from umbelliferone compound, the synthesis pathway of the novel phthalonitrile and Pcs 

is displayed in Scheme 1. Novel 3-(2-oxo-2H-chromen-7-yloxy) phthalonitrile (1) was prepared 

by a nucleophilic aromatic substitution reaction of 3-nitrophthalonitrile with umbelliferone under 

basic condition. Metal-free Pc (2) was obtained by refluxing of ligand 1 in 2-

(dimethylamino)ethanol for 2 days. Zinc, cobalt and copper metallo Pcs (3-5) were synthesized 

by reaction of 1 with metal acetates in hexanol and DBU for 1 day. The non-peripherally 

tetrasubstituted Pcs were solvable in DMF and DMSO. The crude Pcs purified by washing with 

various hot solvents (water, methyl alcohol, ethyl alcohol, acetonitrile, ethyl acetate, acetone, 

acetic acid, tetrahydrofuran and diethyl ether). For characterization of the ligand and Pcs was 

used infrared, proton nuclear magnetic resonance, ultraviolet-visible and mass spectroscopic 
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methods. 

CN

CN

NO
2

OH O O ONC

CN

O OK
2
CO

3

DMF

N
N

OR

N

N

N

N

N

N
OR

RO

OR
O O

+

3-Nitrophthalonitrile            Umbelliferone

50oC

3-(2-Oxo-2H-chromen-7-yloxy)phthalonitrile (1)

M

N,N-Dimethylaminoethanol

160oC, 48 h

(for metal-free Pc)

Hexanol / DBU
Metal salt
160oC

(for metallo Pc)

M= 2H (2), Zn (3), Co (4), Cu(5) 

(1) R:

 

Scheme 1. Preparing pathways of phthalonitrile (1) and Pc compounds (2-5). 

 

The structure of compound 1 was proved by IR spectral data with the view of absorption bands at 

3066-3028 cm
-1

 (Ar-CH), 2225 cm
-1

 (C≡N), 1720 cm
-1

 (C=O), 1589-1450 cm
-1

 (C=C) and 1245 

cm
-1

 (Ar–O–C) (Figure 1).   

 

 

Figure 1. The Infrared spectra of compound 1 
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The C≡N vibration band around 2225 cm
-1

 of 1 was not seen after the formation of Pcs (2-5). The 

IR spectra of the Pc 2 and the metal complexes (3-5) were very similar, with the exception of 2 

showing NH stretching band. The NH band of the Pc 2 gave a low absorption at 3292 cm
-1

. In the 

1
H NMR analysis of 1 in deuterated DMSO, the protons of carbons 3 and 4 of coumarin lactone 

ring seen as doublets at  6.45 ppm and  8.13, respectively. The aromatic protons seen as 

doublets or double doublets at  8.07-7.15 ppm. The mass spectra of dinitrile derivative 1 and Pcs 

(2-5) approved the suggested structures. Molecular ion peaks were recognized at m/z = 288 [M]
+
 

for 1. Suggested structure of Pcs (2-5) was proved by the mass spectra with the view of molecular 

ion peaks at m/z = 1154 [M]
+
 for 2, m/z = 1217 [M]

+
 for 3 (Figure 2), m/z = 1211 [M]

+
 for 4 and 

m/z = 1216 [M]
+
 for 5.  

 

Figure 2. The mass spectra of zinc metallo Pc (3) 

 

Pcs show two intense electronic absorption bands in UV-Vis spectroscopy. They have the “Q 

band” at around 600–750 nm when they show the “B” band (Soret band) at around 300 nm. The 

Q bands of the metal-free Pcs are noticed as two bands, because of D2h symmetry and the lifting 

of degeneracy of the LUMO (eg) level. Because of the D4h symmetry, the metallo Pcs give a 

single band in the UV-Vis spectroscopy [12, 18]. The absorption spectra of Pcs (2-5) in DMF are 

given in Figure 3. The prepared Pcs displayed monomeric action for indicated by a single 

(narrow) Q band for 3–5 and divided two bands for 2 in DMF. These results are characteristic for 

Pc complexes. The characteristic absorption bands (Q) were noticed at 677, 630 nm for 2, 685 nm 

for 3, 674 nm for 4 and 682 nm for 5 in DMF. The Soret bands were seen between 316–320 nm. 
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Figure 3. UV-Vis spectra of Pc complexes (2-5) in DMF. Concentration = 1.0x10
-5

 M. 
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Symbols and abbreviations 

Co: Cobalt 

Cu: Copper 

DBU: 1,8-Diazabicyclo[5.4.0]undec-7-ene  

DMF: Dimethylformamide 

DHB: 2,5-Dihydroxybenzoic acid 

DMSO: Dimethyl sulfoxide 

FT-IR: Fourier transform infrared spectroscopy 

1
H NMR: Proton nuclear magnetic resonance 

LUMO: Lowest unoccupied molecular orbital 

MALDI-TOF: Matrix assisted laser desorption ionization time of flight  

Pc: Phthalocyanine  

ROS: Reactive oxygen species  

THF: Tetrahydrofuran 

UV-Vis: Ultraviolet Visible 

Zn: Zinc 
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Özet 

Fosil kaynaklı yakıtlar birçok alanda kullanılmaktadır ve ülke ekonomilerinde önemli bir yer 

tutmaktadır. Fosil kaynaklı yakıt rezervlerinin her geçen gün azalması enerji krizlerine neden 

olmaktadır. Ayrıca fosil yakıtlı kaynakların kullanımından kaynaklanan çevresel etkilerde gün 

geçtikçe artmaktadır. Oluşan sorunlara çözüm bulabilmek amacıyla yenilenebilir enerji 

kaynaklarına olan ilgi artış göstermektedir. Biyokütle (Biyoenerji) enerjisi sınıfının alt dalı olan 

biyodizel, dizel motorlarda kullanılabilen hayvansal ve bitkisel yağlar gibi yenilenebilir 

kaynaklardan üretilen alternatif bir yakıttır. Biyodizel; sürdürülebilir, çevre dostu, toksik etkisi 

olmayan, dizel motorlarda modifikasyonla kullanılabilen bir alternatif yakıttır. Bu çalışmanın 

amacı, biyodizel üretim yöntemlerini açıklamak ve biyodizelin çevresel etkileri, avantajları-

dezavantajları hakkında bilgi vermektir. 

 

Anahtar kelimeler: Biyoenerji, Biyodizel, Biyodizelin Çevresel Etkileri, Enerji Kaynakları, 

Sürdürülebilirlik 
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BIODIESEL PRODUCTION METHODS AND ENVIRONMENTAL 

EFFECTS 

 

Abstract 

Fossil fuels are used in many areas and has an important place in the national economy. Every 

day decline of fossil fuels leads to economic crisis. Also fossil fuels can be cause of increasing in 

the environmental impact. There is an increased interest in renewable energy sources, because of 

the finding solutions to environmental problems which fossil fuel dependent. Which is a kind of 

biomass energy, (bioenergy), biodiesel, can be used in diesel engines as an alternative fuel. 

Biodiesel is produced from renewable resources such as vegetable and animal oils. Biodiesel is 

sustainable, environmentally friendly, non-toxic, an alternative fuel for diesel engines. The 

purpose of this study, is to provide information about the biodiesel production methods, 

environmental impact of biodiesel advantages and disadvantages. 

Keywords: Bioenergy, Biodiesel, Environmental Effects of Biodiesel, Energy Resources, 

Sustainability  
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1. GİRİŞ 

Enerji, insanlık için vazgeçilmez unsurlardan biridir. Ekonomik kalkınmanın temelini teşkil 

etmektedir. Dünya nüfus oranının her geçen yıl artmasıyla birlikte enerjiye olan talepte 

artmaktadır [1, 2]. Kullanılan enerji kaynaklarının ortalama %80‟i fosil kaynaklı yakıtlardan 

karşılanmaktadır. Fosil kaynaklı yakıtlarında %70‟ini kömür, %20‟sini petrol ve %10‟nu da 

doğalgaz oluşturmaktadır [3]. Fosil kaynakların kullanım oranları doğrultusunda yapılan 

analizlere göre mevcut olan rezervlerin depo miktarları ortalama 100 yıl içerisinde büyük oranda 

azalma gösterecektir. Ayrıca fosil kaynaklı yakıtların CO2 salımı göz önüne alındığında çevre 

kirliliğinin 2030‟lu yıllarda %50 oranında artacağı tahmin edilmektedir [4]. Son yıllarda petrol 

kaynaklarının giderek azalması, sürekli olarak artan petrol fiyatları ve fosil yakıtların kullanımı 

ile oluşan olumsuz çevresel etkiler; enerji arayışını alternatif enerji kaynaklarına yöneltmiştir. 

Alternatif enerji kaynaklarının araştırılmasında ve geliştirilmesinde birçok yöntem kullanılmıştır. 

Bu yöntemler arasında yenilenebilir “Biyokütle Enerjisinin” önemi büyüktür. Hayvansal ve 

bitkisel kökenli maddeler biyokütle enerji kaynağı sınıfında yer alır [5]. Tablo.1‟de gösterildiği 

gibi yenilenebilir enerji kaynakları içerisinde yer alan biyokütle enerjisinin alt konusu olan 

biyodizel, bitkisel veya hayvansal kaynaklı yağlardan elde edilen alternatif bir yakıttır. Biyodizel 

yakıtının üretimi diğer alternatif enerji kaynaklarına göre (rüzgâr enerjisi ve güneş enerjisi gibi) 

daha kolaydır. Düşük maliyette elde edilmesinden dolayı üretimi her geçen gün 

yaygınlaşmaktadır. Bununla birlikte sürdürülebilir bir enerji çeşidi olan biyodizel, sanayi, tarım 

ve çevre alanlarının birlikte çalışmasını sağlayarak özellikle kırsal kesimde yeni iş sahaları 

oluşturmaktadır [6]. 

Tablo 1. Enerji Kaynaklarının Sınıflandırılması [7]. 

Yenilenebilir Enerji Kaynakları Klasik Enerji Kaynakları 

Güneş Enerjisi 

Rüzgâr Enerjisi 

Jeotermal Enerji 

Hidrolik Enerji 

Biyokütle Enerjisi (Biyodizel) 

Fosil Kaynaklı Yakıtlar 

Nükleer Enerji Kaynakları 
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2. BİYODİZEL YAKITININ SPESİFİK ÖZELLİKLERİ 

Günümüzde motorlu taşıtlarda en çok kullanılan yakıt petroldür. Petrol rezervlerin ömürlerinin 

kısalmasıyla birlikte petrol fiyatlarında artışlar görülmektedir. Ayrıca petrolün doğaya verdiği 

zararlar göz önüne alındığında, petrole alternatif olacak bir enerji kaynağının ortaya çıkarılması 

kaçınılmazdır. Alternatif dizel yakıtlarda kullanılan hammaddeler bitkisel ve hayvansal kökenli 

yağlardır. Biyodizel, kimyasal olarak hayvansal ya da bitkisel yağlardan elde edilen yağ asidi 

zincirinin mono alkil esteri olarak tanımlanır. “Biyo” kelimesi yakıtın canlı kaynaklı (hayvansal 

ve bitkisel yağlar) olduğunu, “dizel” ise motorlu dizel taşıtlarda kullanımını ifade etmektedir. 

Hayvansal ve bitkisel yağların yakıt olarak kullanabilmelerini sağlamak amacıyla iki alanda 

çalışmalara ağırlık verilmiştir. Bunlardan birincisi bitkisel ve hayvansal yağların yakıt 

özelliklerinin ıslah edilmesi, ikincisi ise motorlu taşıtların motor tipinin değiştirilmesi yönündedir 

[8]. Hayvansal ve bitkisel yağların yakıt özelliklerini iyileştirmek amacıyla yapılan ıslah 

çalışmalarında yağların viskozitelerinin azaltılması amaçlanmıştır. Viskozitelerin azaltılmasında, 

kimyasal ve ısıl olmak üzere iki yöntem uygulanmaktadır [9]. Isıl yöntemde, yağların 

viskozitesinin ön ısıtma ile düşürülmesi amaçlanmıştır. Ancak ısıl yöntemin hareketli bir motor 

üzerinde uygulanması sırasında meydana gelen problemler sebebiyle kimyasal yöntemler daha 

çok kullanılmaktadır [10]. 

Tablo 2. Hammadde Kaynaklarının Yağ Özelliklerinin İyileştirilmesi [11]. 

VİSKOZİTENİN AZALTILMASI 

ISIL YÖNTEM 

KİMYASAL YÖNTEM 

1. Seyreltme 

2. Mikroemülsiyon Oluşturma 

3. Piroliz 

4. Transesterifikasyon (İç Ester Değişim Reaksiyonu) 

 

Tablo 2‟de bahsedilen yöntemler içinde en yaygın olanı transesterifikasyon yöntemidir. 

Transesterifikasyon yöntemi, trigliserit molekülünün alkol ve baz ile reaksiyona girerek, yağ 

esterleri ve gliserin oluşum süreci olarak tanımlanır. Alternatif enerji kaynaklarından olan 

biyodizel, transesterifikasyon reaksiyonu ile elde edilir [12]. 

Stokiyometrik hesaplamalarda transesterifikasyon tepkimesi için alkol ve yağın mol oranının en 

az 3:1 olması gerekir. Tepkimede alkol olarak metil alkol (CH3OH, MeOH) kullanılırsa, tepkime 
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sonunda 3 mol yağ asidi metil esteri ve 1 mol gliserin elde edilir [13]. MeOH kullanımı, 

piyasadaki diğer alkollere göre daha verimli sonuçlar sağlamaktadır ve düşük maliyette elde 

edilmektedir. Ayrıca biyodizel üretiminde, etanol (C2H5OH), izopropil alkol (C3H7OH) ve bütil 

alkol (C4H9OH) gibi alkollerde kullanılmaktadır [14]. Farklı alkollerin kullanılması reaksiyon 

şartlarını değiştirmektedir ve biyodizel üretimini zorlaştırmaktadır. Transesterifikasyon 

reaksiyonlarında tepkime hızını artırmak için baz kullanılır. Kullanılan bazlar genellikle sodyum 

hidroksit (NaOH) ve potasyum hidroksittir (KOH) [14, 15]. 

Tablo 3. Dizel ve Biyodizel Yakıtların Teknik Özelliklerinin Kıyaslanması [16–18] 

Yakıt Özellikleri Birim 
Sınır Değeri 

(Min.-Max.) 
Biyodizel Dizel 

Kapalı Formül   C19H35,2O2 C12,226H23,29S0,0575 

Molekül Ağırlığı g/mol  296 120-320 

Özgül Ağırlığı  

(15 °C) 
kg/L 0,875-0,90 0,87-0,88 0,82-0,86 

Kinematik 

Viskozite-40 °C 
mm

2
/s 2-4,5 4,3 2,5-3,5 

Tutuşma Katsayısı Setan sayısı 49-… >55 49-55 

Alevlenme Noktası °C 55-… >100 >55 

Su Miktarı mg/kg …-200 <300 <200 

Tablo 3‟te gösterildiği gibi dizel ve biyodizel yakıtların özellikleri kıyaslandığında büyük farklar 

olmadığı görülmektedir. Ayrıca biyodizelin alevlenme noktası, dizel yakıtlardan daha yüksektir. 

Biyodizelin bu özelliği sayesinde kullanımı, taşınması ve depolanması daha güvenilir bir şekilde 

sağlanır. Petrol kaynaklı dizelin kalitesini arttırmak için biyodizel ile belirli oranlarda karıştırma 

işlemi yapılır. Örneğin: 

B20-(%20 Biyodizel-%80 Dizel) 

B40-(%40 Biyodizel-%60 Dizel) 

B60-(%60 Biyodizel-%40 Dizel) 

B80-(%80 Biyodizel-%20 Dizel) 

B100-(%100 Biyodizel) 
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Dizel-biyodizel karışımlarındaki amaç, yanma sonucunda oluşan zararlı gazların çevreye salınım 

oranını düşürmek, motorlardaki yağlanma derecelerini arttırarak, motor gücünü azaltan 

birikintilerin çözülmesi sağlamaktır [19]. Laboratuvarda biyodizel üretim basamakları şunlardır: 

2.1. Baz ve Alkolün Karıştırılması 

Genellikle kullanılan bazlar kostik soda olarak bilinen NaOH veya KOH‟tur. Baz, karıştırıcı 

yardımı ile alkolün içerisinde çözdürülür [20]. 

2.2. Transesterifikasyon Basamağı 

Bitkisel veya hayvansal yağ manyetik ısıtıcıda 55 °C veya 60 °C‟ye kadar ısıtıldıktan sonra alkol-

baz çözeltisi (MeOH-NaOH/KOH) ilave edilir [21]. 

Transesterifikasyon reaksiyonunun tamamlanması için ortalama 80 saat beklemeye bırakılır. 80 

saat sonunda biyodizel-gliserin‟den oluşan iki fazlı karışım elde edilir [22]. 

2.3. Ayırma İşlemi 

Gliserin-biyodizel karışımı ayırma hunisiyle yoğunluk farkına dayalı olarak ayrılır. Gliserinin 

yoğunluğu daha yüksek olduğu için alt fazda gliserin, üst fazda yağ asidi alkol esteri (biyodizel) 

toplanır. Her iki fazda da eser miktarda alkol bulunmaktadır. 

2.4. Alkolün Uzaklaştırılması 

Fazlar birbirinden ayrıldıktan sonra her bir fazdaki fazla alkol damıtma işlemiyle ya da flaş 

buharlaştırma işlemiyle uzaklaştırılır. Her iki fazdaki fazla alkol geri kazanılır. 

2.5. Gliserinin Nötralizasyonu 

Gliserin, baz ve sabun kalıntıları içerdiği için yan ürün olarak ham gliserin tanklarda biriktirilir. 

Alkol ve su kalıntıları uzaklaştırılarak ham gliserin elde edilir. Elde edilen gliserin ilaç ve 

kozmetik sektöründe kullanılmaktadır [23]. 

2.6. Metil Esterleri Yıkama İşlemi 

Biyodizel –gliserin karışımı ayrıldıktan sonra, biyodizel içerisinde bulunan eser miktardaki sabun 

ve baz saf su ile yıkanarak uzaklaştırılır. Reaksiyon karşımı nötr hale getirilir. Sonuç olarak açık 

sarı renkli petrodizele benzer viskoziteli biyodizel elde edilmiş olur. 
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3. BİYODİZELİN ÇEVRESEL ETKİLERİ 

Alternatif dizel yakıt olan biyodizel çevre ile uyumludur. Kısa bir süre içerisinde doğada 

parçalanabilen (%99,5 oranında) bir yakıttır. Tablo.4‟te B20 ve B100 oranlarında hazırlanan 

yakıtlardaki emisyonların karşılaştırılması gösterilmektedir. 

Tablo 4. Dizel ve Biyodizel Emisyonlarının Karşılaştırılması (% oranla) [23, 24]. 

Oluşan Emisyonlar B20 B100 

CO (karbon monoksit) -7  -33  

Partikül Madde (PM) -6,50  -32,50  

SOx (kükürt oksitler) -1,62  - 8,07  

CH4 (metan) -0,55  -3,01  

HF (hidroflorik asit) -3,15  -16,02  

CxHy (hidrokarbonlar) 8,01  37,01  

HCl (hidroklorik asit) 3,45  15,04  

 

Dizel ve biyodizel karışımların kullanılmasıyla PM, HF, SOx, CH4 ve CO emisyonlarında azalma 

görülürken; HCl, CxHy ve NOx emisyonlarında artma görülmektedir [26]. Tablodaki özelliklerden 

dolayı biyodizel, karbon döngüsü içerisinde fotosentez yardımıyla CO2‟yi dönüştürür. Sera 

etkisini arttırıcı bir özelliği bulunmadığı için karbon döngüsünü hızlandırır. Sülfürsüz olduğu için 

asit yağmurlarına neden olmaz. Biyodizel yakıtların toplam kirli hava oluşturma potansiyelleri 

dizel yakıtlara oranla %50 daha azdır [27]. 

Amerikan Çevre Koruma Ajansı‟nın programı çerçevesinde geliştirilen biyodizel yakıtının 

incelenmesiyle yapılan değerlendirme şu şekilde sıralanmıştır: 

1. Kirli hava kütlesinin toplam miktarı dizel yakıtlardan %50 daha azdır. SO2 emisyonuna bağlı 

olarak oluşan asit yağmurları gözlenmemiştir. 

2. CO, PM ve yanmamış hidrokarbonlar N14 Dizel motorunda test edilerek miktarlarında ciddi 

azalmalar görülmüştür. 

3. NOx emisyonu motor özelliğine bağlı olarak artmakta veya azalmaktadır. Analizler 

sonucunda NOx emisyon miktarı %13-14 arası artış göstermiştir. Fakat biyodizel yakıtlarda 

kükürt bulunmadığı için egzoz emisyonu azaltma teknolojileri biyodizel yakıtlara kolayca 
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uygulanabilmektedir. Böylece NOx miktarlarını kontrol etmek kolaylaşmıştır. 

4. Biyodizel yakıtlar, insan sağlığını olumsuz yönde etkileyen birçok çevresel faktörü ortadan 

kaldıracaktır. Dizel yakıtlardaki hidrokarbon türevlerinin emisyonları ortalama %80-90 

oranında azalmıştır. Bu durum biyodizelin çevre dostu bir yakıt olduğunu göstermektedir. 

Tablo.5‟te emisyon maddelerinin insan sağlığına etkileri listelenmiştir. 

Tablo 5. Emisyon Maddelerinin İnsan Sağlığına Etkileri [27, 28] 

Emisyon Maddesi Etkileri 

CO Kalp rahatsızlıkları, metabolizmada yavaşlama 

CO2 Akut astım ve nefes hastalıkları 

SOx Akut nefes yetmezliği 

PbxOx Alyuvar kanseri, kemik iliği kanseri 

Hidrokarbonlar Kanser 

3.1. Biyodizel Üretim Teknolojilerinin Karşılaştırılması 

3.1.1. Seyreltme Yöntemi 

Seyreltme işlemi; bitkisel ve atık yağların belirli oranlarda bir çözücü veya bir dizel yakıtla 

karıştırılarak inceltilmesi işlemidir. Bu işlemlerden en yaygın olanı yağların dizel yakıt ile 

karıştırılması işlemidir. Böylelikle yağın viskozitesi düşürülür ve dizel yakıt kullanım oranı 

azaltılır [30]. Yapılan uygulamalarda yağların, dizel yakıtlarla karıştırılma oranları şu şekilde 

ifade edilir: B20, B30, B40, B50, B80 şeklindedir. Kısacası %20, %30, %40, %50 ve %80 

oranlarında bitkisel, hayvansal veya atık yağ bulunmaktadır. Biyodizel üretiminin seyreltme 

yönteminde kullanılan yağlar; yer fıstığı yağı, kolza yağı, ayçiçeği yağı ve atık yağlardır [31]. 

3.1.2. Mikroemülsiyon Oluşturma Yöntemi 

Mikroemülsiyon, karışmayan iki sıvı ile iyonik ya da iyonik olmayan organik karışımların (1-150 

nm boyutlarında) kendi arasında oluşturduğu kolloidal bir çözeltidir. Bu yöntem ile alternatif 

dizel yakıtlar meydana getirmek mümkündür. Bu yöntemde kullanılan organik maddeler kısa 

zincirli alifatik alkollerdir (MeOH, EtOH) [32]. 

3.1.3. Piroliz Yöntemi  

Tanım olarak piroliz; yüksek sıcaklıklara sahip yüksek moleküllerin, daha düşük seviyeli 

moleküllere dönüşmesi işlemidir. Genel olarak piroliz işlemi iki şekilde yapılır. Birinci 

yöntemde, bitkisel yağlar kapalı bir kap içerisinde ısı etkisiyle parçalanır. İkinci yöntemde ise, 
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standart olarak hazırlanan maddeler kullanılarak damıtma işlemiyle bitkisel ve atık yağlar ısıl 

olarak parçalanır. İkinci metot ile elde edilen biyodizel, dizel yakıtlara daha yakın özellikler 

gösterir [33]. 

3.1.4. Transesterifikasyon Yöntemi (İç Ester Değişim Reaksiyonu) 

Transesterifikasyon yöntemi, hayvansal ve bitkisel yağların kısa zincirli alkollerle reaksiyona 

girmesi sonucu biyodizel oluşturmasıdır. Genel olarak, MeOH ve EtOH kullanılır. Yukarıda 

ayrıntılı olarak transesterifikasyon yönteminden bahsedilmiştir [34]. Şekil.1‟de teorik 

transesterifikasyon reaksiyonu (iç ester değişimi) gösterilmektedir. 

 

Tablo 6. Kimyasal Yöntemlerle Üretilen Biyodizelin Karşılaştırılması 

Yöntem Avantajı Dezavantajı 

Seyreltme 
Doğal sıvı, yenilenebilir özellik, 

kullanıma hazır. 

Yüksek derecede viskozite, düşük 

miktarda uçuculuk, doymamış 

hidrokarbonların aktifliği. 

Mikroemülsiyon 
Yanma esnasında iyi derecede 

spreyleme, düşük viskozite. 

Düşük miktarda enerji içeriği ve 

düşük setan sayısı. 

Piroliz 
Petrol kökenli olan dizel ve benzine 

kimyasal yönden benzerlik gösterir. 
Maliyeti yüksektir. 

Transesterifikasyon 

Yüksek miktarda setan sayısı, 

yenilenebilir özellik, yüksek yanma 

verimi ve düşük miktarda emülsiyon 

içerir. 

Biyodizelden suyun ve gliserinin 

ayrılması zordur. 

. 

 

 

 

 

 

 

 

 

 

Şekil 1. Transesterifikasyon reaksiyonu [35] 
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3.2 Biyodizelin Sağladığı Avantajlar ve Oluşturduğu Dezavantajlar 

3.2.1 Biyodizelin Sağladığı Avantajlar 

1. Biyodizel yakıtının kimyasal ve fiziksel özellikleri motorlarda yanma verimini olumlu yönde 

etkilemektedir. 

2. CO ve SOx emisyonlarında azalma sağlarlar. 

3. Biyodizel-dizel karışımlarının kullanılmasıyla PM, HF, SOx, CO ve CH4 emisyonlarında 

azalma gerçekleşirken; HCl, CxHy ve NOx emisyonlarında artma göstermektedir. 

4. Biyodizel yakıtı dizel yakıt ile belirli oranlarda kullanıldığı gibi %100 oranında da 

kullanılabilir. 

5. Biyodizelin yapısındaki C16-C18 metil esterleri hızlı ve kolayca parçalanarak çözülür. 

Biyolojik olarak ayrımı gerçekleşir. Toksik etkisi bulunmamaktadır. 

6. Biyodizel çevre dostu, alternatif bir enerji kaynağıdır. 

7. Dizel yakıtlar ile karşılaştırıldığında CO2 salımı görülmediği için sera etkisi oluşturmaz. 

8. Biyodizelin tutuşma derecesi, dizel yakıtlardan daha yüksektir. (>110 °C) Bu özelliği 

sayesinde depolanması ve taşınması güvenilirdir [36]. 

3.2.2 Biyodizelin Oluşturduğu Dezavantajlar 

1. Akma noktası dizel yakıtlara göre daha yüksektir. Bitkisel yağların hammadde kaynağı olarak 

kullanılmasını etkileyen başlıca faktör viskozitelerinin yüksek olmasıdır [37]. 

2. Hammadde olarak kullanılan bitkisel yağların tohumlarının, ekstrakte edilme işleminde 

tohum zarının çıkarılmamasından dolayı egzoz borularında ve filtrelerde tıkanmaya neden 

olmaktadır. 

3. Diğer bir sorun ise yakıt olarak kullanılacak bitkisel yağın doymamış yağ içermesidir. 

Doymamış yağlar, yağlanma yapısına katılarak ortamda polimerizasyonu arttırıp motoru 

tahrip etmektedir. Bu durum sonucunda viskozite artışı görülmektedir [38]. 

4. Biyodizel yakıtlar soğuk hava şartlarından kolay etkilenmektedir. Dizel yakıtlara göre düşük 

bulutlanma noktasına sahiptir. Isıl miktarı dizel yakıtlardan düşük olduğu için motorda yanma 

sonucunda enerji kaybına neden olmaktadır [39]. 

5. Saf olarak kullanılan biyodizel (%100), motor parçalarında tahribe sebep olduğundan bu 

parçaların uygun parçalarla yer değiştirilmesi gerekir. Ekonomik olarak maliyeti 
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yüksektir[40]. 

 

4. SONUÇ ve ÖNERİLER 

Birincil enerji kaynaklarının tükenebilir olmasından dolayı enerji ihtiyacının karşılanabilmesi için 

yenilenebilir enerji kaynaklarına ihtiyaç vardır. Biyokütle enerji alt başlığı olan biyodizel, çevre 

dostu bir yakıttır. Biyodizelin sistemli üretimine geçildiğinde ekonomik kalkınma sağlanacaktır. 

Bölgesel bir enerji kaynağı olmadığı için dünyanın hemen hemen her yerinde üretimi yapılabilir. 

Biyodizel yakıtı, tarımsal ve hayvansal ürünlerden elde edilen alternatif bir enerji kaynağıdır. 

Petrol kaynaklarının giderek azalması ve petrol ithalatçılarının, petrol bağımlısı ülkelere getirmiş 

olduğu ekonomik etkiyi azaltmak için araştırmalar alternatif enerji kaynaklarına yönelmiştir. 

Ayrıca biyodizel tarımsal ekonominin ve bitkisel yağ sanayinin gelişimine büyük katkı 

sağlayacaktır. Biyodizel, çevreye zarar vermeden toprakta kolayca çözülebilen, toksik etkisi 

olmayan bir enerji kaynağıdır. Sadece NOx emisyonları barındıran biyodizelin egzoz gazı 

emisyon miktarları düşüktür. CO2 salımı olmadığı için sera etkisi oluşturmaz. Dizel motorlarda 

kullanımında herhangi bir modifikasyon işlemine gerek yoktur. 

Ayrıca istenilen oranlarda dizel yakıtlarla karıştırılarak kullanılabilir veya saf halde kullanılabilir. 

Vuruntu eğiliminin düşük olmasının sebebi ise yüksek miktarda setan sayısına sahip olmasıdır. 

Parlama noktası 100 °C‟den fazla olduğu için taşınması ve depolanması sağlıklı bir şekilde 

yapılır. 

Dizel yakıtlara nazaran biyodizel yakıtlar daha stabildir. Depo esnasında fazla bekletilmiş 

biyodizel yakıtı asidik yapıya dönüşerek çökeltiler oluşturmaktadır. Bu durumdan dolayı NOx 

emisyonları kısmen artış göstermektedir. Soğuk havalarda bulutlanma noktası düşüktür. 

Biyodizel üretiminde yeterli potansiyele sahip ülkeler tarım sektöründe yağlı tohum bitkilerinin 

üretimine ağırlık vermelidir. Hızla artan nüfus, paralelinde enerjiye olan talebi de arttırmaktadır. 

Enerji ihtiyacının karşılanması ve ekonomik refah düzeyine çıkılabilmesi için “Biyodizel 

Yakıtlara” gereken önemin verilmesi şarttır. 
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