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ACCELERATING THE TRANSITION TO NUCLEAR ENERGY SYSTEMS
IN TURKEY

Hidir Selguk NOGAY ™
Erciyes University, Mustafa Cikrik¢ioglu 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.

Tiirkiye de Niikleer Enerji Sistemlerine Geg¢isin Hizlandirilmasi

Ozet

Tirkiye elektrigi ithal eden bir lilke konumundadir. Siirdiiriilebilir kalkinmay1 basarmis iilkelerin
birgogu ve gelismis iilkelerin hepsi niikleer gii¢ santrallerine yaklasik 40 y1l dncesinden yatirim
yapmiglar ve en azindan kendi enerji ihtiyaglarinin %20 ile %70 ini niikleer enerjiden
saglamaktadirlar. Tiirkiye de politikacilarin koydugu, niikleer gii¢ santrallerinden elektrik iiretimi
yoluyla ulasilacak hedefler vardir. Enerjiye olan bagimlilik nedeniyle olusan cari agiginda
azaltilmas: bu hedeflerden birisidir. Bu makalede, niikleer enerjinin yayginlasmasi ve niikleer
enerjiye gecisi hizlandirmayi etkileyen faktorleri belirlemek amaciyla Tiirkiye'nin gegmis ve

mevcut durumlari, motivasyon, kapasite ve stratejileri analiz edilmektedir.

Anahtar Kelimeler: Niikleer gii¢, Niikleer enerji, Enerji giivenligi, Tiirkiye

! Hidir Selcuk 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

Accelerating the Transition to Nuclear Energy Systems in Turkey ﬁ
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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®). 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

Accelerating the Transition to Nuclear Energy Systems in Turkey W
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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)

e Turkish Atomic Energy Commission established (1957)
e First research reactor commissioned (1961)
e 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)

e Feasibility studies and site selection at Akkuyu and near Sinop
e 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)

e Bids invited from seven major suppliers
e 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
e 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)

e Plan to connect the first nuclear power plant by 2015

e Sinop chosen as the initial site for a nuclear power plant

Accelerating the Transition to Nuclear Energy Systems in Turkey %-
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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)

e Intergovernmental agreements (IGA) signed with Russian Federation for the
construction of a Build-Own-Operate nuclear power plant in Akkuyu (2010)
e |GA 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].

Accelerating the Transition to Nuclear Energy Systems in Turkey M
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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

Accelerating the Transition to Nuclear Energy Systems in Turkey 55'
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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 1l | 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 Atmeal 1150 2017 2023
Sinop 2 Atmeal 1150 2018 2024
Sinop 3 Atmeal 1150 ?
Sinop 4 Atmeal 1150 ?
Igneada 1-4 | AP1000x2, | 2x1250

CAP1400x2 | 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

Accelerating the Transition to Nuclear Energy Systems in Turkey %
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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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ON THE SOME PARTICULAR SETS

Ozen OZER

Kirklareli University, Faculty of Science and Arts,
Department of Mathematics, 39100, Kirklareli, Turkey

ozenozer39@gmail.com

Abstract

For t an integer, a P, 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_s, P,5, P_; and P, sets with size three are considered. It is
demonstrated that they cannot be extended to P_s, P,s, P_;, and P., with size four. Also, some
properties of them are proved.

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

Keywords: P, Sets, Congruences, Reciprocity.

BAZI OZEL KUMELER UZERINE
Ozet
Bir t tamsayisi i¢in P, kiimesi, herhangi iki tane farkli elemaninin ¢arpiminin t fazlasi bir
tamkare olma 6zelligine sahip m tane pozitif tamsayidan olusan bir kiime olarak tanimlanir.
Bu ¢alismada, {i¢ elemanli baz1 P_s, P,5, P_; ve P, kiimeleri gézoniine aliniyor. Bu kiimelerin
dort elemanh P_s, P,s, P_; ve P,, kiimelerine genisletilemez oldugu gosteriliyor. Ayrica, bu

kiimelerin baz1 6zellikleri kanitlantyor.

Anahtar Kelimeler: P, kiimeleri, Kongriianslar, Karsitlik.

Ozen OZER, ozenozer39@gmail.com
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1. INTRODUCTION

Let t be an integer. A P.-set of size m is a set B = {xq, Xy, X3 .... X, } Of distinct positive
integers for which x;x; + t is the square of an integer whenever i # j. If there exists a positive

integer n & B such that B U {n} is still a P;-set, then the P,-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 P, sets and Pell equations.

In this research paper, we will prove the sets P_; ={1,6,9} ,P_5 ={1,9,14},P,5 =
(1,411}, P_, = {1,16,23}, P_, = {1,16,176}, P_; = {2,8,16} and P,, = {1,9,18} can not be
extended with size four P_s, P,s, P_; and P, 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

2 = q (mod m) (2.1)
and if equivalence has no such solution, then a is a quadratic nonresidue modulo n.

Definition 2.2. ([14]) Ifa € Z and p > 2 is prime,then

X

0, ifpla
(3) =1{ 1, ifaisquadraticresidue modp (2.2)
-1, otherwise
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and (g) 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
(3)(3)::(_1)%?-1¥; 2.3)

q

where () represents Legendre symbol.

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

(%) = DO (nod p) (2:4)
Theorem 2.3. ([14]) Let s > 1 beaninteger, ¢ € Z with gcd(c,s) =1 and
s= 290 p;® (25)

be the canonical prime factorization of s where a; = 0 and g; € N for the distinct odd primes
pj,j=12,..,m Then
x% =c (modn) (2.6)
is solvable if and only if
(a/p]-) =1 (2.7)
forallj =1,2,...,manda =1 (mod gcd(8,2%)).
Theorem 2.4. ([14]) If m,n € N are odd and relatively primes, then

B)E)= v e

n m

holds.

3. MAIN THEOREMS AND RESULTS
Theorem 3.1. The set P_s = {1,6,9} can not be extended to the set P_s with size 4.
Proof. We assume that P_; = {1,6,9} can be extended for any positive integer d.

i.e,{1,6,9,d} isaP_s set. We can find x,y, z integers such that;

d—5 = x? (3.1)
6d — 5 = y? (3.2)
9d — 5 = z2 (3.3)
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by dropping d from (3.1) and (3.3) we obtain

z? —9x% = 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) = (£1,1£7) (3.6)
Eliminating d from (3.1) and (3.2) simultaneously, then we obtain

y? —6x? =25 (3.7)

Using the solutions of equation (3.5) and substituting x? = 9 into (3.7) we have y? = 79 which
y is not an integer solution.

In a similar way, substituting (3.6) solutions (x? = 1) into the (3.7), we get y? = 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_s = {1,6,9} can not be extended.

Theorem 3.2. The set P_s = {1,9,14} is nonextendible.
Proof. It can be proved in a similar way of the proof of Theorem 3.1. Suppose that P_s =
{1,9,14} can be extended for any positive integer d. It means that {1,9, 14,d} is a P_s set.

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

d—5=x? (3.8)
9d — 5 = y? (3.9)
14d — 5 = z° (3.10)

by dropping d from (3.8) and (3.9) we obtain y? — 9x? = 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

z? — 14x% = 65 (3.11)
Using (v, x) = (11, +3) solution and substituting x? = 9 into the (3.11), we obtain z? = 191
which z is not an integer.

In a similar way, considering (y, x) = (%7, +1) solutions and substituting x? = 1 into
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the (3.11), we get z? = 79. This shows that z is not integer.
Thus, there is no such d € Z and the set P_s = {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, for any positive integer d. If we consider the

definition of P, then we have

d+5=x? (3.12)
4d + 5 = y? (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

4x% —y? =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)=( £4,17) and (X,y)=(+2, +1). If we
substituting x> = 16 or x? = 4 into the (3.16) then we obtain z? = 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,s = {1,4,11} is non-extendable.

Theorem 3.4. The set P,, = {1,9,18} can not extendible.
Proof. Suppose that the set {1,9,18,d} is a P, for any positive integer d. Using the definition of

set P, ,, then we obtain

d+7=x2 (3.18)

9d + 7 = y? (3.19)

18d + 7 = z° (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
9x% —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
Bx—y)Bx+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 y? = 25 into the (3.22), then we get z2 = 331 or z? = 43 not integer
solution of (3.22) consecutively.

Therefore, the set P,, = {1,9,18} is nonextendable.

Theorem 3.5. The set P_, = {2,8,16} is nonextendable.
Proof. We assume that the set {2,8,16,d} is a P_, for any positive integer d. By considering the

definition of the set P_,, then we get

2d — 7 = x? (3.24)
8d — 7 = y? (3.25)
16d — 7 = z° (3.26)
We have to find integers x, y, z, satisfying above equations. From (3.24) and (3.25), we get
y? —4x? =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 y? = 121 or y? = 25 into the
(3.28), then we get z? = 249 or z? = 57 consecutively. So, there is no any integer z holding the
(3.28) equation.

Hence, the set P_; = {2,8,16} is non-extendable.

Theorem 3.6. The sets P_, = {1,16,23} and P_, = {1,16,176} are nonextendable.
Proof. Let the set {1,16,23,d} is a P_, for any positive integer d. Then we have
d—7=x? (3.30)
16d — 7 = y? (3.31)
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23d — 7 = z* (3.32)
From (3.30) and (3.31) we obtain
y? —16x% = 105 (3.33)
and by using (3.30) and (3.32) we obtain
z? —23x% = 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 x? = 169 into the (3.34), then we get z? = 4041 which z isn’t an integer holding
the (3.34) equation. In the same manner, substituting x> = 16 , x> = 4 or x> = 1 into the (3.34),
we get z2 =522, z2 = 246 or z? = 177 that z is not an integer holding the (3.34) equation
either.
Therefore, the set P_; = {1,16,23} is non-extendable.
For the set P_, = {1,16,176}, we have (3.30) and (3.31) with the equation
176d — 7 = z* (3. 36)

From (3.30) and (3.36), we have

z? —176x? = 1225 (3.37)
If we put the solutions of (3.33) into the (3.37), then we get z? = 30969, z? = 4041, z% =
1929 or z? = 1401 which z isn’t an integer holding the (3.37). As a consequence, P_, =
{1,16,176} can not extendible.

Theorem 3.7. There is no set P_s includes any multiple of 4, 11 or 17.
Proof. (i) Suppose that m is an element of set P_s. If 4r is also an element of set P_; forr €
Z, then

4rm — 5 = a? (3.38)
has to satisfy for integer a. If we apply (modulo 4) into the (3.38), we have
a’ = 3 (mod 4) (3.39)

If a is even integer, then a? = 0 (mod 4) holds. If a is odd integer, then a? = 1 (mod 4) holds.

So, there is no an integer satisfying a®> = 3 (mod 4).
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Hence, there is no set P_gs includes any multiple of 4.

(if) Assume that m is an element of set P_s. If 11s is also an element of set P_g for s € Z ,then

11sm — 5 = b? (3.40)
has to satisfy for integer b. If we apply (modulo 11) on the (3.40), we get
b? = 6 (mod 11) (3.41)

Using Theorem 2.2. and the Definition 2.2 or considering residue classes (modulo 11), we
obtain b? = 1,3,4,5,9 (mod 11) which not satisfies b> = 6 (mod 11). (It means that there is no
any b integer holding (3.41)). This is a contradiction. So, there is no P_s set contains any

multiple of 11.

(iii) Similarly, if we suppose that m is an element of set P_s and 17k is also an element of set
P_s for k € Z, then we have,

c? =12 (mod 17) (3.42)
Using residue classes (modulo 17), we have ¢? = 1,2,4,8,9,13,15 (mod 17) which implies that
there is no integer holding ¢ = 12 (mod 17). This is a contradiction. As a consequence, there is

no set P_s 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,s. If 3u is also an element of set P, foru € Z
,then

3un + 5 = A? (3.43)
has to satisfy for some integer A. If we apply (modulo 3) on the (3.43), we obtain
A% = 2 (mod 3) (3.44)

By using Theorem 2.2 and the Definition 2.2, we have

(g) _ (_1)%(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,z foru € Z.
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(ii) In a similar manner, suppose that r is an element of set P,s and 7¢, (t € Z) is also an element

of set P,s then

7tr +5 = B? (3.46)
has to satisfy for integer B. Applying (modulo 7) of both sides, we get
B% =5 (mod 7) (3.47)

We have to calculate the Legendre symbol (;) by using Theorem 2.1 and Definition 2.2. From

Theorem 2.1, we obtain

5\ (7 -1 71

G)E)=cn7 7=+ (3.48)
since 5 and 7 are odd primes. By substituting (—) = (—) = —1 into the (3. 48) then we have

(;) = —1 which means that equation (3.47) is unsolvable. So 7t can not be an element of P,

fort e 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 = C? (3.49)
has to satisfy for integer C. Applying (modulo 13) of both sides, we have
C? =5 (mod 13) (3.50)
By using Theorem 2.1 and Definition 2.2, then we obtain
5 13 5-1 131 _
(E) (?) =(-1D7 7 =+1 (3.51)

since 5 and 13 are odd primes. By substituting (15—3) = (g) = —1 into the (3.51) then we have

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

P,sforne Z.

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

On The Some Particular Sets 107



.
ng ,
& o4 %

[

'?' i, -
Ozerd Kirklareli University Journal of Engineering and Science 2 (2016) 99-108 - ="~

REFERENCES

[1] Anglin W.S., The queen of mathematics-An introduction to number theory, Kluwer Academic
Publishers, Dordrecht, 1995.

[2] Baker A., Davenport H., 1969, The equations 3x% — 2 = y? and 8x? — 7 = z? , Quarterly
Journal of Mathematics, Oxford(2), 20, 129-137, 19609.

[3] Brown LE., Sets in Which xy + k is Always a Square, Math. Comp, 45, 613-620, 1985.

[4] Dickson LE., History of Theory of Numbers and Diophantine Analysis, Vol 2, Dove
Publications, New York, 2005.

[5] Filipin L A., Fujita Y., M. Mignotte, The non-extendibility of some parametric families of D(-
1)-triples, Q. J. Math. 63, 605-621, 2012.

[6] Gopalan M. A., Vidhyalakshmi S., Mallika S., Some special non-extendable Diophantine
triples, Sch. J. Eng. Tech. 2, 159-160, 2014.

[7] Grinstead C.M., On a Method of Solving a Class of Diophantine Equations . Math. Comp.,32,
936-940, 1978.

[8] Kanagasabapathy P., Ponnudurai T., The Simultaneous Diophantine Equations y? — 3x? =
—2 and z? — 8x? = —7, Quarterly Journal of Mathernatics, Oxford Ser (3), 26, 275-278, 1975.
[9] Katayama S., Several methods for solving simultaneous Fermat-Pell equations, J. Math.
Tokushima Univ., 33, 1-14, 1999.

[10] Kaygisiz K., Senay H., Contructions of Some New Nonextandable P, Sets, International
Mathematical Forum, 2, no. 58, 2869 — 2874, 2007.

[11] Masser D.W., Rickert J.H., Simultaneous Pell Equations ,Number Theory , 61, 52-66, 1996.
[12] Mohanty P., Ramasamy A.M.S., The Simultaneous Diophantine Equations 5y? — 20 =
x2,2y? + 1 = z2,.J.Number Theory.18,365-359, 1984.

[13] Mordell LJ., Diophantine Equations, Academic Press, New York, 1970.

[14] Mollin R.A., Fundamental Number theory wiyh Applications, CRC Press, 2008.

[15] Tzanakis N., Effective solution of two simultaneous Pell equations by the elliptic logarithm
method, Acta Arithm., 103, 119-135, 2002.

On The Some Particular Sets 108



Alnjp,
&,
Fo
§
Wil

Yilmaz&Unliitiirkl Kirklareli University Journal of Engineering and Science 2 (2016) 109-119 ="~

A NOTE ON SOME CHARACTERIZATIONS OF CURVES DUE TO
BISHOP FRAME IN EUCLIDEAN PLANE E’

Sitha Yilmaz" , Yasin Unliitiirk Z

' Buca Faculty of Education, Dokuz Eyliil University, 35150, Buca-1zmir, Turkey,
suha.yilmaz@deu.edu.tr

2 Department of Mathematics, Kirklareli University, 39100 Kirklareli, Turkey,
yasinunluturk@klu.edu.tr

Abstract

In this paper, we first obtain the differential equation characterizing position vector of a regular
curve in Euclidean plane E*. Then we study the special curves such as Smarandache curves,
curves of constant breadth due to the Bishop frame in Euclidean plane E*. We give some

characterizations of these special curves due to the Bishop frame in Euclidean plane E°.
AMS Subject Classification: 53A35, 53A40, 53B25

Key Words: A regular plane curve, Euclidean plane, Bishop frame, Smarandache curves, Curves

of constant breadth.

E2OKLID DUZLEMINDE BiSHOP CATISINA GORE EGRILERIN
BAZI KARAKTERIZASYONLARI UZERINE BiR INCELEME

Ozet

Bu makalede, ncelikle E* Oklid diizleminde regiiler bir egrinin konum vektoriinii karakterize

eden diferensiyel denklemi elde ediyoruz. Sonra Smarandache egrileri, sabit genislikli egriler gibi

ozel egrileri E* Oklid diizleminde Bishop catisma gore inceliyoruz. Bu 6zel egrilerin bazi

karakterizasyonlarini veriyoruz.

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

Anahtar kelimeler: Regiiler diizlem egrisi, Oklidyen diizlem, Bishop ¢atis1, Smarandache

egrileri, Sabit genislikli egriler.
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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. Yilmaz have defined a special case

of such curves and call it Smarandache TB, curves in the space E;' [16] and Turgut also studied

Smarandache breadth of pseudo null curves inE; [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 E*. Moreover, In [15], these curves were studied in four
dimensional Euclidean space 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 E®. As much as we look at

the classical differential geometry literature of the works in Euclidean plane 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 E®. Then we study the special curves
due to the Bishop frame in Euclidean plane E*.We give some characterizations of these special

curves in E2.

2. PRELIMINARIES

Let E* be the Euclidean plane with metric
g = dx’ +dx;, €
where x, and x, are rectangular coordinate system. A vector r of E* is said to be spacelike if
g(r,r)>0,or r =0, timelike if g(r,r) <0 and nullif g(r,r)=0 for r=0 [7].
A curve X is a smooth mapping
x: 1 —E?
from an open interval |1 onto E®. Let s be an arbitrary parameter of x, then we denote the

orthogonal coordinate representation of X as x = (x,(S), X,(s)) and also the vector
=) =T @)

is called the tangent vector field of the curve x = x(s) and also (T, T)=1[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 k[T
w Lk o)
|\/|1 M 0 Ml

ky =ky(8) (4)

is the curvature of the unit speed curve x = x(s). The vector field M, is called the second

where

Bishop vector field of the curve x(s).
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3. POSITION VECTOR OF A CURVE IN E®

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

can write position vector of «(s) with respect to the Bishop frame as
X = X(8) = T + 1,M,, ®)
where g, and u, are arbitrary functions of s . Differentiating (5) and using Frenet equtaions we

have a system of ordinary differential equations as follows:

d
f‘ﬂziﬂ_l: 0,

(6)
d
fﬁulkl:O.
Using (6), in (6), we obtain
d 1 duy
—[—= (2 -D)]+ wk, =0. 7
dskl(ds )+ kg ()

The differential equation of second order, according to 4, is a characterization for the

curve x = x(s). Using change of variable 8 = '[Osklds in (7), we arrive

1
d(-)
k' _d’
= + 1. 8
d@ deg zul ( )
By the method of variation of parameters and solution of (8) we have
o1l . . 01
4, =coshé A—j —sinh&dé |+sinh @ B+_[ —coshalé |,
0 kl 0 kl
where A, B € R. Rewriting the change of variable, we get
S 0 . S
14, = cosh( joklds)[A— [!'sinh([ k.ds)d 9}
9)

+sinh( Iosklds)[B+ [{/cosh( J':klds)dé?}.

Denoting differentiation of the equation (9) as % =1(s), and using (6) we have
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ol

Hence we give the following theorem:

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

Euclidean plane E?, Position vector of the curve o = a(s) with respect to the Bishop frame can
be composed by the following equation
X = X(s)
S 0 . S
- (cosh( Ioklds)[A— [/ sinn( .[Oklds)de]

+sinh( J:klds)[B + [/ cosh([kds)d 6’})T ; (kl [i(s)-1)M,.

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

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

2
d id_‘f _kld_a:o_
ds| k, ds ds

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

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

d,1d1 +kT =0. (11)
ds| k, ds
Let ?TZ =T = a. So, expression of (11) can be written as follows:
2
d id_? +k1d_a:o, (12)
ds| k, ds ds

formula (12) completes the proof.

Let us solve equation (11) with respect to t. Here we know ,
t=(,15) = (@),

using the change of variable 8 = j;klds in (12) we get
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2
3;2 +0=0, (13)
or in parametric form it is
2 2
:;;w:o, %w:o, (14)

as the solution of (14), we obtain

t =n,coshfd+n,sinh g,
{l 771 772 (15)

t, = n,cosh@+n,sinh o,
where 7, € R for 1<i<4.

4. SPECIAL CURVES IN E?

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

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

4.1. Smarandache Curves

A regular curve in Euclidean plane E* 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 TM, —Smarandache curve as the only Smarandache curve of

Euclidean plane E*.

Definition 4.1 (TM, —Smarandache curves). Let « = «(s) be a unit speed curve due to

the Bishop frame in E* and {T“,M,"} be its moving the Bishop frame, here T M, are the
tangent and principal normal vectors of the smarandache curve of the curve «.The curve

a = a(s) is said to be TM; —Smarandache curve whose form is
1
$)Y=—=(T*+M/ 16
ps)= (T mi) (16)

We can investigate the Bishop invariants of TM, —Smarandache curves according to

a = «(s). Differentiating (16) with respectto S gives us
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. dpdst 1
== —=—k'M] -Kk'T"“ 17
b= o T3 M-k (17)
Rearranging of this expression we get
ds* 1 a a 2% a
Tﬁgzﬁ(kl M —k'T ) (18)
by (18) we have
ds’ "
=k (19)

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

M a _Ta
T.=%F L , 20
s N (20)
and differentiating (20) with respect to s, we have
dTﬁd_S*:—(_klaTa_klaMla) (21)

ds” ds V2 '
Substituting (19) in (21), we obtain
oo=fremy)
/ V2

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

T

and
—(Te+Mmy)

M,, = .
SN TVID

4.2. Curves of Constant Breadth

Let p=¢(s) and ¢ =¢@*(s) be simple closed curve due to the Bishop frame in

Euclidean plane E® 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 I" 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
=@+ AT +uM,, (22)
where A and g 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

9" 105 1,90 e, + z“Ml—Mgr
S

ds ds ds
Since
d¢ =T and dg =T7,
ds ds”
and using Bishop derivative formulas, we get
. ds’ du
T + (Ak, + 23
= )T + (2 +- M, (23)
Since
T"=-T,and M; =-M,, (24)
and using (31) in (30), we obtain
05 _ ik~ 941 and ak + 9% =0, (25)
ds ds ds

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

direction, then we have

ds 1 as® _ .
—=p=—, and =p =

-1 (26)
do k" do K

Using (33) in (34), the equation (32) becomes as
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dA .
Hoqg - PtP = f(0),

(27)
du
——=_)
do

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

2

A u=10) (28)

where f(0)=p+p°.

By general solution of the equation (35) we find
u=sing([| f (t)costdt+1,) ~cosa([ f ()sintdt+1,),

where 1,1, are scalars. Also using A = —g—g in (34) we obtain the value of A4 as

A= —cos6([ f () costdt+1,) —sina([| f (t)sintdt+1,).
Hence using (29) the position vector of the curve ¢° is given as follows

¢' = p+[-coso([ f (t)costdt+1,) ~sina([ f () sintdt+1,)[T
+[siné( j:f (t) costdt +1,) — cosé( _[:f (®)sintdt+1,)]M,.

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

" —@|=—A+u=const, (29)
and differentiating (36) we have
di du
A—+u——=0, 30
do " “de (30)
and also taking the system (34) and (37) together into consideration, we obtain
dAa
A ——-p|=0, 31
( a0 uj (31)
SO we arrive at
di
A=00r —= 32
a0+ (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 x = const.
If 1#0=const,and also supposing that j—z = —u, then we obtain = 0.

If 2=c,(c, €R), then the equation (29) tuns into

o =p+cT. (33)
di _
If 49 = u, then from (34) we have f(6)=0,and 4 = jo udé.
dA :
If a0 = u#0=c, =const., then from (34) we obtain f(#) =0,and 4 =0.

Hence the equation (29) becomes as follows:

@ =p+c,M,. (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 (Il), cobalt (I1), copper (I1)]
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 iCEREN FTALOSIYANINLERIN
SENTEZI, KARAKTERIZASYONU ve SPEKTROSKOPIK

OZELLIiKLERININ INCELENMESI
Ozet
Bu calismada umbelliferon siibstitiie ftalonitril bilesigi ve non-periferal olarak siibstitiie metalsiz,
cinko (II), kobalt (II), bakir (IT) metalli ftalosiyanin tiirevleri ilk kez sentezlenerek yapilari
aydinlatilmistir. Bu orjinal bilesiklerin yapilart infrared, proton niikleer magnetik rezonans,
ultraviyole-goriiniir bolge ve kiitle spektroskopisi gibi spektroskopik metodlardan elde edilen
verilerle tayin edilmistir.
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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 (I1) acetate, potassium carbonate (K,CO3) and 1,8-diazabicyclo[5.4.0Jundec-
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 (SiO,). FT-IR, UV-Vis and *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 111 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-Oxo0-2H-chromen-7-yloxy) phthalonitrile (1)

A mixture of umbelliferone (1.00 g, 6.10x10° mol) and 3-nitrophthalonitrile (1.06 g, 6.10 x10
mol) were mixed in dried dimethylformamide (DMF) (10 mL), and K,COj3 (1.70 g, 12.00 x10°
mol) was added. The reaction mixture was blended at 50°C for 3 days. An iced HCI 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°C. FT-IR (KBr), vmad(cm™): 3066-3028 (Ar-CH), 2225 (C=N),
1720 (C=0), 1589-1450 (C=C), 1245 (Ar-O-C). *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° M) A (log ¢)
(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-ox0-2H-chromen-7-yloxy)] phthalocyanine (2)

Ligand 1 0.10 g (0.34x10"® 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°C. FT-IR (KBr), vmad/(cm™): 3292 (NH), 3068-2931 (Ar-CH),
1726 (C=0), 1602 (C=C), 1230 (Ar—O-C). UV-VIS (DMF, 1.10° M) A (log €) (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),.2H,0 (0.019 g, 0.085 x10° mol), Co(AcO),.4H,O (0.021 g, 0.085 x10°
mol) or Cu(AcO); (0.016 g, 0.085 x10° mol)], ligand 1 0.10 g (0.34 x10* mol) and DBU (10 uL)
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-ox0-2H-chromen-7-yloxy)] phthalocyaninato zinc (I1) (3)

Yield: 0.075 g (71%). M.p.>300°C. FT-IR (KBr), umaxl(cm‘l): 3082-2941 (Ar-CH), 1734 (C=0),
1587 (C=C), 1232 (Ar-0O-C). UV-VIS (DMF, 1.10° M) A (log €) (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-ox0-2H-chromen-7-yloxy)]phthalocyaninato cobalt (I1) (4)

Yield: 0.072 g (69%). M.p.>300°C. FT-IR (KBr), vmad(cm™): 3076-2931 (Ar-CH), 1730 (C=0),
1602 (C=C), 1230 (Ar-O-C). UV-VIS (DMF, 1.10° M) & (log £) (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-ox0-2H-chromen-7-yloxy)]phthalocyaninato copper (11) (5)

Yield: 0.068 g (64%). M.p.>300°C. FT-IR (KBr), vmad/(cm™): 3070-2958 (Ar-CH), 1730 (C=0),
1605 (C=C), 1232 (Ar—O—C). UV-VIS (DMF, 1.10” M) A (log &) (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-(2-0x0-2H-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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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™ (Ar-CH), 2225 cm™ (C=N), 1720 cm™ (C=0), 1589-1450 cm™ (C=C) and 1245
cm™ (Ar—O-C) (Figure 1).
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Figure 1. The Infrared spectra of compound 1
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The C=N vibration band around 2225 cm™ 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™. In the
'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 6 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.

522416

Intens. [a.u.]

600

4004

M+

2004

1217.129

J.Lu.n_u bl gl b Fow ) Lol

" 400 600 800 1000 1200 1400 1600 1800 2000 2200

m/z

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 600750 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 Do, symmetry and the lifting
of degeneracy of the LUMO (¢) level. Because of the D4y, 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.

Synthesis, Characterization and Spectroscopic Properties of Phthalocyanines Bearing Umbelliferone Moieties 125



i
ﬁﬂ :«%

%

Kig,
W

Camur&Bulut/ Kirklareli University Journal of Engineering and Science 2 (2016) 120-128

-

Wi
N —y

1.4 -
1.2 -

0.8 1
0.6 1
0.4 A

Absorbance

0 T T T
300 400 500 600 700 800

Wavelength, nm
2 3 4 5

Figure 3. UV-Vis spectra of Pc complexes (2-5) in DMF. Concentration = 1.0x10™ M.
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Symbols and abbreviations

Co: Cobalt

Cu: Copper

DBU: 1,8-Diazabicyclo[5.4.0Jundec-7-ene

DMF: Dimethylformamide

DHB: 2,5-Dihydroxybenzoic acid

DMSO: Dimethyl sulfoxide

FT-IR: Fourier transform infrared spectroscopy

'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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Ozet

Fosil kaynakli yakitlar birgok alanda kullanilmaktadir ve iilke ekonomilerinde 6nemli bir yer
tutmaktadir. Fosil kaynakli yakit rezervlerinin her gecen giin azalmasi enerji krizlerine neden
olmaktadir. Ayrica fosil yakithh kaynaklarin kullanimindan kaynaklanan cevresel etkilerde giin
gectikce artmaktadir. Olusan sorunlara ¢oziim bulabilmek amaciyla yenilenebilir enerji
kaynaklarma olan ilgi artis gostermektedir. Biyokiitle (Biyoenerji) enerjisi sinifinin alt dali olan
biyodizel, dizel motorlarda kullanilabilen hayvansal ve bitkisel yaglar gibi yenilenebilir
kaynaklardan iiretilen alternatif bir yakittir. Biyodizel; siirdiiriilebilir, ¢evre dostu, toksik etkisi
olmayan, dizel motorlarda modifikasyonla kullanilabilen bir alternatif yakittir. Bu ¢alismanin
amaci, biyodizel iiretim yontemlerini aciklamak ve biyodizelin c¢evresel etkileri, avantajlari-

dezavantajlar1 hakkinda bilgi vermektir.

Anahtar kelimeler: Biyoenerji, Biyodizel, Biyodizelin Cevresel Etkileri, Enerji Kaynaklari,
Siirdiiriilebilirlik
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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

2* Halil MUTLUBAS, halil_mutlubas_45@hotmail.com
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1. GIRIS

Enerji, insanlik i¢in vazgecilmez unsurlardan biridir. Ekonomik kalkinmanin temelini teskil
etmektedir. Diinya niifus oraninin her gegen yil artmasiyla birlikte enerjiye olan talepte
artmaktadir [1, 2]. Kullanilan enerji kaynaklarinin ortalama %80’i fosil kaynakli yakitlardan
karsilanmaktadir. Fosil kaynakli yakitlarinda %70’ini komiir, %20’sini petrol ve %10°nu da
dogalgaz olusturmaktadir [3]. Fosil kaynaklarin kullanim oranlar1 dogrultusunda yapilan
analizlere gore mevcut olan rezervlerin depo miktarlar1 ortalama 100 yil icerisinde biiyiik oranda
azalma gosterecektir. Ayrica fosil kaynakli yakitlarin CO, salimi g6z Oniine alindiginda ¢evre
kirliliginin 2030’1u yillarda %50 oraninda artacagi tahmin edilmektedir [4]. Son yillarda petrol
kaynaklarinin giderek azalmasi, siirekli olarak artan petrol fiyatlar1 ve fosil yakitlarin kullanimi
ile olusan olumsuz cevresel etkiler; enerji arayisini alternatif enerji kaynaklarina yoneltmistir.
Alternatif enerji kaynaklarinin arastirilmasinda ve gelistirilmesinde birgok yontem kullanilmistir.
Bu yontemler arasinda yenilenebilir “Biyokiitle Enerjisinin” Onemi bliyliktiir. Hayvansal ve
bitkisel kokenli maddeler biyokiitle enerji kaynagi sinifinda yer alir [5]. Tablo.1’de gosterildigi
gibi yenilenebilir enerji kaynaklar igerisinde yer alan biyokiitle enerjisinin alt konusu olan
biyodizel, bitkisel veya hayvansal kaynakli yaglardan elde edilen alternatif bir yakittir. Biyodizel
yakitinin iretimi diger alternatif enerji kaynaklarina gore (rlizgar enerjisi ve gilines enerjisi gibi)
daha kolaydir. Disiik maliyette elde edilmesinden dolayr {iretimi her gegen giin
yayginlagsmaktadir. Bununla birlikte siirdiiriilebilir bir enerji ¢esidi olan biyodizel, sanayi, tarim
ve g¢evre alanlarinin birlikte calismasini saglayarak ozellikle kirsal kesimde yeni is sahalari

olusturmaktadir [6].

Tablo 1. Enerji Kaynaklarinin Simiflandirilmas [7].

Yenilenebilir Enerji Kaynaklar Klasik Enerji Kaynaklar

Giines Enerjisi )
Riizgr Enerjisi Fosil Kaynakli Yakitlar

Jeotermal Enerji Niikleer Enerji Kaynaklari
Hidrolik Enerji

Biyokiitle Enerjisi (Biyodizel)
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2. BIYODIZEL YAKITININ SPESIiFiK OZELLIKLERI

Giliniimiizde motorlu tasitlarda en ¢ok kullanilan yakit petroldiir. Petrol rezervlerin dmiirlerinin
kisalmasiyla birlikte petrol fiyatlarinda artiglar goriilmektedir. Ayrica petroliin dogaya verdigi
zararlar géz Oniine alindiginda, petrole alternatif olacak bir enerji kaynaginin ortaya ¢ikarilmasi
kaginilmazdir. Alternatif dizel yakitlarda kullanilan hammaddeler bitkisel ve hayvansal kokenli
yaglardir. Biyodizel, kimyasal olarak hayvansal ya da bitkisel yaglardan elde edilen yag asidi
zincirinin mono alkil esteri olarak tanimlanir. “Biyo” kelimesi yakitin canli kaynakli (hayvansal
ve bitkisel yaglar) oldugunu, “dizel” ise motorlu dizel tasitlarda kullanimini ifade etmektedir.
Hayvansal ve bitkisel yaglarin yakit olarak kullanabilmelerini saglamak amaciyla iki alanda
calismalara agirlik verilmistir. Bunlardan birincisi bitkisel ve hayvansal yaglarin yakit
ozelliklerinin 1slah edilmesi, ikincisi ise motorlu tasitlarin motor tipinin degistirilmesi yoniindedir
[8]. Hayvansal ve bitkisel yaglarin yakit Ozelliklerini iyilestirmek amaciyla yapilan 1slah
calismalarinda yaglarin viskozitelerinin azaltilmas1 amaglanmistir. Viskozitelerin azaltilmasinda,
kimyasal ve 1sil olmak {izere iki yontem uygulanmaktadir [9]. Isil yontemde, yaglarin
viskozitesinin 6n 1sitma ile diisliriilmesi amaglanmistir. Ancak 1s1l yontemin hareketli bir motor
tizerinde uygulanmasi sirasinda meydana gelen problemler sebebiyle kimyasal yontemler daha

cok kullanilmaktadir [10].

Tablo 2. Hammadde Kaynaklarinin Yag Ozelliklerinin lyilestirilmesi [11].

VISKOZITENIN AZALTILMASI

KiMYASAL YONTEM

Seyreltme

Mikroemiilsiyon Olusturma

Piroliz

Transesterifikasyon (I¢ Ester Degisim Reaksiyonu)

ISIL YONTEM

APwnE

Tablo 2°de bahsedilen yontemler i¢inde en yaygin olani transesterifikasyon yontemidir.
Transesterifikasyon yontemi, trigliserit molekiiliiniin alkol ve baz ile reaksiyona girerek, yag
esterleri ve gliserin olusum siireci olarak tanimlanir. Alternatif enerji kaynaklarindan olan

biyodizel, transesterifikasyon reaksiyonu ile elde edilir [12].

Stokiyometrik hesaplamalarda transesterifikasyon tepkimesi i¢in alkol ve yagin mol oraninin en

az 3:1 olmas1 gerekir. Tepkimede alkol olarak metil alkol (CH3OH, MeOH) kullanilirsa, tepkime
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sonunda 3 mol yag asidi metil esteri ve 1 mol gliserin elde edilir [13]. MeOH kullanimi,
piyasadaki diger alkollere gore daha verimli sonuglar saglamaktadir ve diisiik maliyette elde
edilmektedir. Ayrica biyodizel iiretiminde, etanol (C,HsOH), izopropil alkol (C3H;OH) ve biitil
alkol (C4HyOH) gibi alkollerde kullanilmaktadir [14]. Farkli alkollerin kullanilmasi reaksiyon
sartlarin1  degistirmektedir ve biyodizel iretimini zorlastirmaktadir. Transesterifikasyon
reaksiyonlarinda tepkime hizini1 artirmak i¢in baz kullanilir. Kullanilan bazlar genellikle sodyum
hidroksit (NaOH) ve potasyum hidroksittir (KOH) [14, 15].

Tablo 3. Dizel ve Biyodizel Yakitlarm Teknik Ozelliklerinin Kiyaslanmas: [16-18]

Sinir Degeri

Yakat Ozellikleri Birim (Min.-Max.) Biyodizel Dizel

Kapal Formiil Ci9H3520; C12,226H23 2050,0575

Molekiil Agirhg g/mol 296 120-320

Ozgiil Agirh kg/L 0,875-0,90 0,87-0,88 0,82-0,86

(15 °C)

e o mm?/s 2-45 43 2535
Tutusma Katsayisi Setan sayisi 49-... >55 49-55
Alevlenme Noktasi °C 55-... >100 >55

Su Miktar mg/kg ...-200 <300 <200

Tablo 3’te gosterildigi gibi dizel ve biyodizel yakitlarin 6zellikleri kiyaslandiginda biiyiik farklar
olmadig1 goriilmektedir. Ayrica biyodizelin alevlenme noktasi, dizel yakitlardan daha yiiksektir.
Biyodizelin bu 6zelligi sayesinde kullanimi, taginmasi ve depolanmasi daha giivenilir bir sekilde
saglanir. Petrol kaynakli dizelin kalitesini arttirmak i¢in biyodizel ile belirli oranlarda karistirma

islemi yapilir. Ornegin:

B20-(%20 Biyodizel-%80 Dizel)
B40-(%40 Biyodizel-%60 Dizel)
B60-(%60 Biyodizel-%40 Dizel)
B80-(%80 Biyodizel-%20 Dizel)
B100-(%2100 Biyodizel)
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Dizel-biyodizel karisimlarindaki amag, yanma sonucunda olusan zararli gazlarin ¢evreye salinim
oranini dislirmek, motorlardaki yaglanma derecelerini arttirarak, motor giiciinii azaltan

birikintilerin ¢oziilmesi saglamaktir [19]. Laboratuvarda biyodizel liretim basamaklar1 sunlardir:
2.1. Baz ve Alkoliin Karistirilmasi

Genellikle kullanilan bazlar kostik soda olarak bilinen NaOH veya KOH’tur. Baz, karigtirict

yardimu ile alkoliin i¢erisinde ¢ozdiiriiliir [20].
2.2.  Transesterifikasyon Basamagi

Bitkisel veya hayvansal yag manyetik 1siticida 55 °C veya 60 °C’ye kadar 1sitildiktan sonra alkol-
baz ¢ozeltisi (MeOH-NaOH/KOH) ilave edilir [21].

Transesterifikasyon reaksiyonunun tamamlanmasi i¢in ortalama 80 saat beklemeye birakilir. 80

saat sonunda biyodizel-gliserin’den olusan iki fazli karisim elde edilir [22].
2.3.  Ayirma Islemi

Gliserin-biyodizel karisimi ayirma hunisiyle yogunluk farkina dayali olarak ayrilir. Gliserinin
yogunlugu daha yiiksek oldugu i¢in alt fazda gliserin, {ist fazda yag asidi alkol esteri (biyodizel)

toplanir. Her iki fazda da eser miktarda alkol bulunmaktadir.
2.4.  Alkoliin Uzaklastirilmasi

Fazlar birbirinden ayrildiktan sonra her bir fazdaki fazla alkol damitma islemiyle ya da flas

buharlastirma islemiyle uzaklastirilir. Her iki fazdaki fazla alkol geri kazanilir.
2.5.  Gliserinin Nétralizasyonu

Gliserin, baz ve sabun kalintilar1 icerdigi i¢in yan iiriin olarak ham gliserin tanklarda biriktirilir.
Alkol ve su kalintilar1 uzaklagtirilarak ham gliserin elde edilir. Elde edilen gliserin ilag ve

kozmetik sektoriinde kullanilmaktadir [23].
2.6.  Metil Esterleri Yikama Islemi

Biyodizel —gliserin karigimi ayrildiktan sonra, biyodizel igerisinde bulunan eser miktardaki sabun
ve baz saf su ile yikanarak uzaklastirilir. Reaksiyon karsimi nétr hale getirilir. Sonug olarak acik

sar1 renkli petrodizele benzer viskoziteli biyodizel elde edilmis olur.
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3. BIYODIZELIN CEVRESEL ETKILERI

Alternatif dizel yakit olan biyodizel g¢evre ile uyumludur. Kisa bir siire igerisinde dogada
pargalanabilen (%99,5 oraninda) bir yakittir. Tablo.4’te B20 ve B100 oranlarinda hazirlanan

yakitlardaki emisyonlarin karsilastirilmasi gosterilmektedir.

Tablo 4. Dizel ve Biyodizel Emisyonlarinin Karsilastirilmasi (% oranla) [23, 24].

Olusan Emisyonlar B20 B100
CO (karbon monoksit) -7 -33
Partikiil Madde (PM) -6,50 -32,50
SOy (kiikiirt oksitler) -1,62 - 8,07
CH, (metan) -0,55 -3,01
HF (hidroflorik asit) -3,15 -16,02
CxHy (hidrokarbonlar) 8,01 37,01
HCI (hidroklorik asit) 3,45 15,04

Dizel ve biyodizel karisimlarin kullanilmasiyla PM, HF, SOy, CH4 ve CO emisyonlarinda azalma
goriilirken; HCI, CyHy ve NOy emisyonlarinda artma gériilmektedir [26]. Tablodaki 6zelliklerden
dolay1 biyodizel, karbon dongiisii igerisinde fotosentez yardimiyla CO;’yi doniistiiriir. Sera
etkisini arttirict bir 6zelligi bulunmadigi i¢in karbon dongiisiinii hizlandirir. Siilfiirsiiz oldugu i¢in
asit yagmurlarma neden olmaz. Biyodizel yakitlarin toplam kirli hava olusturma potansiyelleri

dizel yakitlara oranla %50 daha azdir [27].

Amerikan Cevre Koruma Ajansi’nmin programi cergevesinde gelistirilen biyodizel yakitinin

incelenmesiyle yapilan degerlendirme su sekilde siralanmistir:

1. Kirli hava kiitlesinin toplam miktar1 dizel yakitlardan %50 daha azdir. SO, emisyonuna bagli
olarak olusan asit yagmurlar1 gozlenmemistir.

2. CO, PM ve yanmamis hidrokarbonlar N14 Dizel motorunda test edilerek miktarlarinda ciddi
azalmalar goriilmiistiir.

3. NOy emisyonu motor ozelligine bagli olarak artmakta veya azalmaktadir. Analizler
sonucunda NOy emisyon miktar1 %13-14 aras1 artig gostermistir. Fakat biyodizel yakitlarda

kiikiirt bulunmadig1 i¢in egzoz emisyonu azaltma teknolojileri biyodizel yakitlara kolayca
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uygulanabilmektedir. Boylece NOy miktarlarini kontrol etmek kolaylagsmuistir.

4. Biyodizel yakitlar, insan sagligin1 olumsuz yonde etkileyen bir¢ok c¢evresel faktorii ortadan
kaldiracaktir. Dizel yakitlardaki hidrokarbon tiirevlerinin emisyonlar1 ortalama %80-90
oraninda azalmistir. Bu durum biyodizelin ¢evre dostu bir yakit oldugunu gostermektedir.

Tablo.5’te emisyon maddelerinin insan sagligina etkileri listelenmistir.

Tablo 5. Emisyon Maddelerinin Insan Sagligina Etkileri [27, 28]

Emisyon Maddesi Etkileri
(6(0) Kalp rahatsizliklari, metabolizmada yavaslama
CO, Akut astim ve nefes hastaliklar
SOy Akut nefes yetmezligi
Pb, O, Alyuvar kanseri, kemik iligi kanseri
Hidrokarbonlar Kanser

3.1.  Biyodizel Uretim Teknolojilerinin Karsilastiriimasi

3.1.1. Seyreltme Yontemi

Seyreltme islemi; bitkisel ve atik yaglarin belirli oranlarda bir ¢oziicii veya bir dizel yakitla
karistirtlarak inceltilmesi islemidir. Bu islemlerden en yaygin olami yaglarin dizel yakit ile
karigtirilmasi islemidir. Boylelikle yagin viskozitesi diisiiriiliir ve dizel yakit kullanim oram
azaltilir [30]. Yapilan uygulamalarda yaglarin, dizel yakitlarla karigtirilma oranlart su sekilde
ifade edilir: B20, B30, B40, B50, B80 seklindedir. Kisacas1 %20, %30, %40, %50 ve %80
oranlarinda bitkisel, hayvansal veya atik yag bulunmaktadir. Biyodizel {iretiminin seyreltme
yonteminde kullanilan yaglar; yer fistig1 yagi, kolza yagi, aycicegi yagi ve atik yaglardir [31].
3.1.2. Mikroemiilsiyon Olusturma Yontemi

Mikroemiilsiyon, karigmayan iki sivi ile iyonik ya da iyonik olmayan organik karigimlarin (1-150
nm boyutlarinda) kendi arasinda olusturdugu kolloidal bir ¢ozeltidir. Bu yontem ile alternatif

dizel yakitlar meydana getirmek miimkiindiir. Bu yontemde kullanilan organik maddeler kisa

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

Tanim olarak piroliz; yiiksek sicakliklara sahip yiiksek molekiillerin, daha diisiik seviyeli
molekiillere doniigmesi islemidir. Genel olarak piroliz islemi iki sekilde yapilir. Birinci

yontemde, bitkisel yaglar kapal1 bir kap icerisinde 1s1 etkisiyle pargalanir. Ikinci yontemde ise,
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standart olarak hazirlanan maddeler kullanilarak damitma islemiyle bitkisel ve atik yaglar 1sil

olarak parcalanir. ikinci metot ile elde edilen biyodizel, dizel yakitlara daha yakin 6zellikler

gosterir [33].

3.1.4. Transesterifikasyon Yontemi (I¢ Ester Degisim Reaksiyonu)

Transesterifikasyon yontemi, hayvansal ve bitkisel yaglarin kisa zincirli alkollerle reaksiyona

girmesi sonucu biyodizel olusturmasidir. Genel olarak, MeOH ve EtOH kullanilir. Yukarida

ayrintili  olarak transesterifikasyon yonteminden bahsedilmistir [34]. Sekil.1’de teorik

transesterifikasyon reaksiyonu (i¢ ester degisimi) gosterilmektedir.

Tablo 6. Kimyasal Yontemlerle Uretilen Biyodizelin Karsilastirilmast

Yontem Avantaji Dezavantaji
g . .. .. .. Yiksek derecede viskozite, diisiik
Dogal sivi, yenilenebilir o6zellik, .
Seyreltme «ullanima hazir miktarda  uguculuk, doymamis
' hidrokarbonlarin aktifligi.
Mikroemiilsivon Yanma esnasinda iyi derecede Diisiik miktarda enerji igerigi ve
oemuistyo spreyleme, diisiik viskozite. diisiik setan sayisi.
Piroliz Petrol kokenli olan dizel ve benzine Maliyeti yiiksektir.

Transesterifikasyon

kimyasal yonden benzerlik gosterir.
Yiiksek  miktarda  setan  sayisi,
yenilenebilir o6zellik, yiiksek yanma
verimi ve diisiik miktarda emiilsiyon
igerir.

Biyodizelden suyun ve gliserinin
ayrilmasi zordur.

N
CH;~0—C—R!
| (”) NaOH |
CH—O—C—R? + 3CH;0OH
9 |
CHeD—C—RP

Bitkisel Yag Esterleri

Gliserol

Metanol Propan-1,2,3-triol

O

I
CH,~OH  CHzyO—C—R’

O
I

—» CH—OH + CH4+0—C—R?

O
I

CH,~OH  CHs0O—C—R?®

Kansik Metil Esterler

Sekil 1. Transesterifikasyon reaksiyonu [35]
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3.2 Biyodizelin Sagladig1 Avantajlar ve Olusturdugu Dezavantajlar

3.2.1 Biyodizelin Sagladig1 Avantajlar

1.

Biyodizel yakitinin kimyasal ve fiziksel 6zellikleri motorlarda yanma verimini olumlu yonde
etkilemektedir.

CO ve SOy emisyonlarinda azalma saglarlar.

Biyodizel-dizel karisimlarinin kullanilmasiyla PM, HF, SOy, CO ve CH,; emisyonlarinda
azalma gergeklesirken; HCl, CyHy ve NO, emisyonlarinda artma gostermektedir.

Biyodizel yakiti dizel yakit ile belirli oranlarda kullanildigi gibi %100 oraninda da
kullanilabilir.

Biyodizelin yapisindaki Ci6-C1g metil esterleri hizli ve kolayca parcalanarak c¢oziiliir.
Biyolojik olarak ayrimi gergeklesir. Toksik etkisi bulunmamaktadir.

Biyodizel ¢evre dostu, alternatif bir enerji kaynagidir.

Dizel yakaitlar ile karsilastirildiginda CO; salimi goriilmedigi i¢in sera etkisi olusturmaz.
Biyodizelin tutusma derecesi, dizel yakitlardan daha yiiksektir. (>110 °C) Bu ozelligi

sayesinde depolanmasi ve taginmasi giivenilirdir [36].

3.2.2 Biyodizelin Olusturdugu Dezavantajlar

1.

Akma noktasi dizel yakitlara gore daha yiiksektir. Bitkisel yaglarin hammadde kaynagi olarak
kullanilmasini etkileyen baslica faktor viskozitelerinin yiiksek olmasidir [37].

Hammadde olarak kullanilan bitkisel yaglarin tohumlarinin, ekstrakte edilme isleminde
tohum zarmin ¢ikarilmamasindan dolayr egzoz borularinda ve filtrelerde tikanmaya neden
olmaktadir.

Diger bir sorun ise yakit olarak kullanilacak bitkisel yagin doymamis yag igermesidir.
Doymamis yaglar, yaglanma yapisina katilarak ortamda polimerizasyonu arttirip motoru
tahrip etmektedir. Bu durum sonucunda viskozite artis1 goriillmektedir [38].

Biyodizel yakitlar soguk hava sartlarindan kolay etkilenmektedir. Dizel yakitlara gore diisiik
bulutlanma noktasina sahiptir. Isil miktar1 dizel yakitlardan diisiik oldugu i¢in motorda yanma
sonucunda enerji kaybina neden olmaktadir [39].

Saf olarak kullanilan biyodizel (%100), motor parcalarinda tahribe sebep oldugundan bu

parcalarin uygun parcalarla yer degistirilmesi gerekir. Ekonomik olarak maliyeti
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yiiksektir[40].

4. SONUC ve ONERILER

Birincil enerji kaynaklarinin tiikenebilir olmasindan dolay1 enerji ihtiyacinin karsilanabilmesi i¢in
yenilenebilir enerji kaynaklarina ihtiya¢ vardir. Biyokiitle enerji alt baglig1 olan biyodizel, ¢evre
dostu bir yakittir. Biyodizelin sistemli iretimine gegildiginde ekonomik kalkinma saglanacaktir.
Bolgesel bir enerji kaynagi olmadigi i¢in diinyanin hemen hemen her yerinde tliretimi yapilabilir.
Biyodizel yakiti, tarimsal ve hayvansal {iriinlerden elde edilen alternatif bir enerji kaynagidir.
Petrol kaynaklarinin giderek azalmasi ve petrol ithalat¢ilarinin, petrol bagimlist iilkelere getirmis
oldugu ekonomik etkiyi azaltmak icin arastirmalar alternatif enerji kaynaklarina yonelmistir.
Ayrica biyodizel tarimsal ekonominin ve bitkisel yag sanayinin gelisimine biiyiik katki
saglayacaktir. Biyodizel, ¢evreye zarar vermeden toprakta kolayca g¢oziilebilen, toksik etkisi
olmayan bir enerji kaynagidir. Sadece NOy emisyonlar1 barindiran biyodizelin egzoz gazi
emisyon miktarlar1 diigiiktiir. CO; salimi1 olmadig1 i¢in sera etkisi olusturmaz. Dizel motorlarda
kullaniminda herhangi bir modifikasyon islemine gerek yoktur.

Ayrica istenilen oranlarda dizel yakitlarla karistirilarak kullanilabilir veya saf halde kullanilabilir.
Vuruntu egiliminin diisiik olmasinin sebebi ise yiiksek miktarda setan sayisina sahip olmasidir.
Parlama noktas1 100 °C’den fazla oldugu i¢in tasinmasi ve depolanmasi saglikli bir sekilde
yapilir.

Dizel yakitlara nazaran biyodizel yakitlar daha stabildir. Depo esnasinda fazla bekletilmis
biyodizel yakiti asidik yapiya doniiserek cokeltiler olusturmaktadir. Bu durumdan dolayr NOy
emisyonlar1 kismen artis gostermektedir. Soguk havalarda bulutlanma noktasi diistiktiir.
Biyodizel iiretiminde yeterli potansiyele sahip tilkeler tarim sektoriinde yagli tohum bitkilerinin
tiretimine agirlik vermelidir. Hizla artan niifus, paralelinde enerjiye olan talebi de arttirmaktadir.
Enerji ihtiyacinin karsilanmasi ve ekonomik refah diizeyine cikilabilmesi i¢in “Biyodizel

Yakitlara” gereken 6nemin verilmesi sarttir.
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29,5 65-72,1962.
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Ornek: [2] Kraus. H., Thin Elastic Shells, New York. Wiley, 1967.
Kaynak bildiri ise: Yazarin soyadi, adinin bas harfi, diger yazarlar, bildirinin adi, konferansin adi,
yapildigi yer, baslama ve bitis sayfalari, yil.
Ornek: [3] Cappleman. 0., Communication in the Studio, FIDE’98 International Conference on
First Year Architectural Design Education Proceedings, Faculty of Architecture istanbul
Technical University, Cilt V, S 48-54, 1998
Kaynak tez ise: Yazarin soyadi, adinin bas harfi, tezin adi, derecesi, sunuldugu kurum, baslama ve bitis
sayfalari, yil.
Ornek: [4] Ozsahin. B., Yalitim Kalipli Donatili Beton Duvarl Binalarin Yapimsal ve Ekonomik
Uygulanabilirligi, Doktora Tezi, Trakya Universitesi Fen Bilimleri Enstitiisi, S 5-9, 2011
Kaynak rapor ise: Yazarin soyadi, adinin bas harfi, diger yazarlar, raporun adi, tiirli, numarasi,
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Ornek: [5] Makarewicz. J.C., Lewis. T., Bertram. P., Epilimnetic Phytoplankton and Zooplankton
Biomass and Species Composition in Lake Michigan, 1983-1982, IL EPA 905-R-95-009, U.S EPA
Great Lakes Natioanl Program, Chicago, 1995
Kaynak internet ise: Eger bir bilgi herhangi bir internet sayfasindan alinmis ise (internetten alinan ve
dergilerde yayinlanan calismalar harig)
Yazarin soyadi, adinin bas harfi, diger yazarlar, calismanin adi, internet sitesinin adi ve adresi, internet
sitesine erisim tarihi
Ornek: [6] Pieper. C. M., Introduction to Activity Based Costing, ATechnical Bulletin From ABC
Technologies, www.abctech.com 1998, Erisim tarihi: 12.10.2014
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