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ABSTRACT

For a long time, the diesel and gasoline have been utilized as fuel for internal combustion
engines. But the diminishing oil supplies along with the variable oil prices drive people to
obtain alternative sources for fuel. The sustainable fuel options may alter power
consumption that results in less pollution, less carbon and more variety of fuel supply. It
is generally a challenging task for decision makers to determine the best feasible fuel for
internal combustion engines among multiple choices because of the complicated task of
considering various attributes of performances and the lack of information available.
However, the right choice of the most feasible fuel option for internal combustion engines
can efficiently mitigate serious environmental troubles and over-consumption of energy
during transportation.

In this study, the diverse types of liquid fuel options for internal combustion engines are
compared in terms of critical characteristics determined within the scope of this research.
In this article, the quantitative evaluation model utilized provides decision makers with a
tool to be utilized during important strategic decision-making processes on issues with
regard to fuel policy in the near future. The applied model presents quantitative
conclusions that can contribute to enhance the decision-making progression.

0z

Uzun siiredir igten yanmal1 motorlarda benzin ve motorin yakit olarak kullanilmaktadir.
Ancak degisken yag fiyatlarinin yanisira azalan yakit kaynaklar1 insanlar1 alternative yakit
kaynaklar1 edinmeye itmektedir. Siirdiiriilebilir yakitlar, havay1 daha az kirleten, daha az
karbon salinimina yol acan gii¢ tiikketimini degistirebilen cesitli yakitlardir. Otoriteler
yakitlarin performansi ve 6zellikleri hakkindaki bilgi eksikligi nedeniyle igten yanmali
motorlarin alternatif yakitlar1 i¢in karar vermekte zorlanmaktadirlar. Bununla birlikte,
icten yanmali motorlar i¢in en uygun yakit segeneginin dogru se¢imi, nakliye sirasinda
ciddi gevresel sorunlari ve asir1 enerji titketimini etkili bir sekilde azaltabilir.

Bu caligmada, degisik tipteki sivi yakit se¢eneklerinden hangisinin igten yanmali motorlar
icin uygun oldugu degerlendirilmistir. Bu makalede, kullanilan nicel degerlendirme
modeli, karar vericilere yakin gelecekte akaryakit politikasi ile ilgili konularda dnemli
stratejik karar alma siireclerinde kullanilacak bir ara¢ sunmaktadir. Uygulanan model,
karar alma siirecinin ilerlemesine katkida bulunabilecek nicel sonuglar vermektedir.
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1. INTRODUCTION

Fossil-based energy sources have various purposes of consumption in different regions of a country
such as: commercial, transport, industrial, and domestic sectors for the mechanical production of power. These
sources’ speedy depletion and crude oil’s ever raising cost made the researchers to search for the other sources
of energy. The petroleum reserves’ deficiency is causing sustainable energy sources to be more appealing. In
addition, the fossil-based fuel’s cost is rising continuously because of the hike in raw oil cost. The increasing
concerns about the unpredictability of fossil-based fuel make alternative fuels more appealing to researchers
as well as the manufacturers. The environmental issues emerging from hazardous emissions and a limited
fossil-based fuel source motivates the searches for option fuels from sustainable-renewable resources [1]. The
most feasible way to meet this ever-growing requirement is by using option fuels [2].

The transportation sector relies heavily on fossil-based energy sources such as liquefied petroleum gas,
liquefied natural gas, diesel, and gasoline fuel. Therefore, there is an extensive recent concern in learning more
about acquiring fuels from biomass-based resources. The environmental laws and ever increasing demand
from automotive sector has encouraged the production of renewable fuel from biomass to replace fossil-based
fuels [3]. In addition to the combination of pollution and climate instability, issues of security, increasing fuel
prices, and rising poverty in agricultural and rural fields are propelling countries to pass effective incentives
for the utilization of these natural liquid energy sources, which is in turn brilliant investment [4].Burning fossil-
based fuels create higher amount of CO, and other harmful gases. Using bio-based counter-part rather than
fossil-based fuel is efficient in decreasing greenhouse gas and creating financial benefits by reducing health
care expenses as well. Hence, utilization of many bio-based fuel alternatives is more volatile than conventional

fuel, which can contribute to the solution of ozone trouble [5].
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Figure 1. The primary energy resources view as automotive fuels [6].
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The primary energy resources’ view as automotive fuels is given in Fig. 1 [6]. Some of the alternative
fuels have been utilized in reality and display a potential as future automotive fuels. Compared with fossil-
based conventional fuels, biomass-based non-conventional fuels have sustainability, energy power, and
superiority in environment effect. The liquefied petrol gas and liquefied natural gas are more environment
friendly, acceptable running variety, and minor running costs, and hence are able to replace the traditional
fossil-based fuels in the near future. In the mid-term period, the biomass-based fuels will probably develop to
be more cost efficient and sustainable. In the long period, the hydrogen is predicted to replace the traditional
fuels because of the trend of unsustainable generation pathway of the future and high investment costs [7-9].
But, bio-based fuels cannot be utilized directly because of high oxygen and water content, high corrosiveness,
viscosity, and low heating capacity [10]. For example, bio-gasoline can be produced from wood waste,
agricultural straw, animal oils, animal waste, and algae. In addition, vegetable oil can become more attractive
for the generation of bio-gasoline due to the numerous bio-varieties. All of the plant-based oils are eminently
viscous. Their viscosities are 9 to 17 times greater than fossil-based gasoline fuel. On the other hand, vegetable-
based oil’s heating capacity is lesser than half that of fossil-based gasoline. Hence these vegetable oils are
proposed to be transformed into bio-gasoline by hydrothermal or pyrolysis. However, these chemical processes

require high production cost [11-13].

There are articles that have evaluated a range of biofuels and fossil fuels according to structural
properties. For example, Frank et al compared a plenty of algae-based pathways for manufacturing renewable-
based fuels such as renewable gasoline and diesel, and bio-diesel [14], Sobrino et al. analyzed fossil-based
fuels with ethanol [15], Festel et al. analyzed a plenty of biofuels containing biodiesel and ethanol [16], and
Xie et al. compared a series of coal and biomass-based liquid fuel alternatives[17]. In the literature, few diverse
approaches are presented to evaluate the fuel options by multi-criteria analysis. For Taiwan’ urban fields,
Tzeng et al. used an integrated decision making methodology for the choice of option fuel buses. A set of 11
criteria was used for evaluation and comparison purposes. They utilized buses fueled with liquid propane gas,
compressed natural gas, diesel, methanol, hybrid electric buses and hydrogen fuel cell bus. Analytical
Hierarchy Process (AHP) was utilized to obtain the criteria weights along with VIKOR and TOPSIS
methodologies to evaluate and rank the option fuel buses [18]. To obtain the proper fuel mixture, Kone and
Buke used Analytical Network Process (ANP). By Super Decisions software, the proposed analysis was
applied to two different option scenarios with environmental indicators and electricity production[18].
Streimikiene et al. utilized the TOPSIS technique for comparative evaluation of power sources in
transportation. The evaluation depended on economic and environmental parameters. They also considered the
transportation infrastructure’s impact on the emissions and energy consumption by vehicles [20]. Through a
data envelopment analysis (DEA) method and Pareto optimal approach, Fazeli et al. (2011) presented a multi-
criteria assessment for the selection of the light-work vehicle fleets’ fuel alternatives. To determine the most
desirable alternative, they considered user’s approval, technology development’s risk, and pollutants’

emissions to the atmosphere, fuel supply availability, and transition costs as assessment criteria [21]. By using
23
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AHP, Pilavachi and Tsita assessed 7 option fuels for transportation sector in Greece. Internal combustion
engine, biofuels (1st and 2nd generation) and gasoline’s blends, fuel cells, electric vehicles, hybrid vehicles,
and plug-in hybrids were assessed according to policy and cost perspectives [22]. For road transportation,
Mohamadabadi et al. proposed PROMETHEE Methodology application for evaluation and enrichment for
ranking non-renewable and renewable fuel vehicles. The vehicles that depend on E85 ethanol, gasoline-electric
(hybrid), compressed natural gas, diesel, gasoline, and B100 biodiesel were assessed in regard to fuel cost,
vehicle cost, distance between refueling centers, vehicle alternatives accessible to the harmful emissions, and
consumer in their article [23]. Zhou et al. presented fuels’ multi-criteria evaluation to compare the traditional
fuels with renewable and new fuels. Pure ethanol, compressed natural gas, blend of 85% methanol and 15%
gasoline by volume, traditional diesel, and traditional gasoline were evaluated in regard to global warming
potential, life cycle cost, vegetable oil, vehicle alternatives available to consumer, net energy product, and
nonrenewable source depletion potency utilizing an LCA viewpoint [24]. Brey et al. used DEA method to
analyze and compare the fuel-cell vehicles with hybrid and traditional internal combustion engine vehicles in
terms of environmental, technical, and economic aspects. The used method entails more familiarity and
computation with the linear programming concepts [25]. In Malaysia, Najib and Abdullah developed an IF-
AHP (intuitionistic fuzzy analytic hierarchy process) for choosing the best power technology[26]. To resolve
alternative fuel group problem, Montajabiha used PROMETHEE Il methodology. By IFS, all criteria weights
and ratings of each alternative were presented. To display the methodology’s practicability, it was implemented
to maintainable power designing problems [27]. To determine the criteria weights and to rank the option fuels,
Paul et al. (2015) applied AHP, MOORA, and PROMETHEE methodologies. The determination of data in
regard to the assessment signs is pre-necessity before utilizing all these methodologies for obtaining the
maintainability order of the option fuels. Nevertheless, it is generally problematic or even impossible to utilize
accurate data with units to characterize the alternative fuels’ performances in regard to the assessment
indicators [28]. To assess the biodiesel optimum blend, Sakthivel et al. performed an analysis by combining
VIKOR and TOPSIS with ANP methodologies[29]. Liang and Ren utilized the fuzzy TOPSIS methodology
which was then used to obtain the marine fuels’ maintainability order and the fuzzy logarithmic least squares
methodologies to obtain the criteria weights for marine fuels’ maintainability evaluation[30]. Sehatpour et al.
used the PROMETHEE methodology to study the alternative fuels utilized in light vehicles including diesel,
biodiesel, liquid petroleum gas, compressed natural gas, ethanol, methanol, hydrogen, and biogas in regard to
the assessment indicator[31]. For shipping, Lutzen and Ren used fuzzy AHP to obtain the criteria weights for
maintainability evaluation of alternative energy resources and then rank the energy resources by unifying
Dempster-Shafer theory with MADA methodology[32]. For CO; emissions, Nocera and Cavallaro evaluated
alternative fuels by the three alternative scenario analyses[33]. In the years 2020-2030, Ang and Poh
performed backward and forward AHP to assess the possible plans and transportation fuels for Singapore
depending on the choice of the most proper fuel option for road transportation[34]. On the basis of multiple

criteria, Lanjewar et al. employed a hybrid multi-criteria method by using graph theory, as well as AHP
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methods for the nonconventional and conventional transportation fuels’ efficiency evaluation[35].
Papalexandrou et al. performed AHP to assess the biofuel production’s complete chain. The substitution’s
potential, the biofuel cost over the conventional fuels, the total cycle energy consumed and the total life cycle
emissions were considered as the criteria. The best alternative was determined to be the bioethanol produced
from wheat straw [36].

The aim of this paper is to investigate the most feasible liquid fuel alternative to utilize in the internal
combustion engines by using many critical comparison criteria from various scientific aspects. The assessment
scale points are defined for each of comparison criteria. The experts evaluated the performance of 8 fuel
alternatives (gasoline, diesel, biodiesel, ethanol, methanol, liquefied petroleum gas, liquefied natural gas, and
hydrogen) according to given points for each of criteria. Based on their significance, the weights for each
comparison criteria are found. The most feasible liquid fuel is determined with given assessment scale points
for each of fuel alternatives, and weighing for each of criteria based on their significance in internal combustion

engines.
2. MATERIAL AND METHOD
2.1 The Model Structure

To obtain a framework for relations with multi criteria decision-making issues, an AHP based model
is structured. Among decision levels, AHP models adopt a unidirectional hierarchical connection. AHP
methodology permits the hierarchical tree building and weighing each indicator through pairwise comparison
between indicators and criteria by a matrix to obtain a coherent and consistent administration of both
qualitative and quantitative data. To determine weights of criteria, such a method is used in this paper.

In an AHP hierarchy for choosing an optimum fuel for internal combustion engines, the goal would
be to choose the most appropriate alternative that satisfies various sets of criteria. These criteria are often
subdivided into several sub-criteria. This study involves six main criteria of top level. Composition of the fuel
involves Carbon, Hydrogen, and Oxygen. Physical and chemical properties of analyzed fuels are considered
as the second main group of criteria. Density, molecular weight, specific gravity, freezing point, boiling
temperature, and Reid vapor pressure are considered within this group. The third main criterion is the fuel
properties which involves cetane and octane numbers, energy content, flash point, auto ignition temperature,
viscosity centipoise, flammability, latent heat of vaporization, stoichiometric air/fuel ratio, and maximum
practice compression. The fourth group is the environmental criteria. HC, NOy, CO, PM10, CO., and ozone
forming impact of the selected fuel types are considered as the sub-criteria under this group. The fifth group
covers a set of qualitative criteria that are quantified based on expert evaluations for the purpose of this study.
Energy security impacts, fuel availability, types of vehicles available, maintenance issues, and safety are

evaluated. The final criterion involves financial aspects of the fuel types used. 8 Alternative fuel types are
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these criteria are constructed as shown in Fig.2 and Table 1, respectively.

Financial
Properties

Composition

Main
Criteria

Environment
Properties

Physical-
Chemical
Properties

Main
Criteria

Sub-criteria

Figure 2. Main criteria

Table 1. Hierarchy of criteria

Fuel Composition Physical- Environment Qualitative Financial
Properties Chemical P.
Cetane Carbon Density HC Energy Security Price
number Impacts
Octane Hydrogen Molecular NOXx Fuel Availability Production
number Weight cost
Energy Oxygen Specific CoO Types of vehicles
Content gravity available
Flash Point Freezing PM10 Maintenance
point Issues
Autoignition Boiling CO, Safety
Temperature temperature
Viscosity Reid vapor  Ozone-forming
Centipoise pressure impacts
Flammability
Latent heat of

vaporization
Stoichiometric
air/fuel
Max. Practical
compression

2.2 Result and Discussion
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While measurements for some criteria are readily available, some others can only be estimated with
respect to other variables. As it is the case in all multi-criteria decision models, the relative priorities of such
criteria need to be determined. This is accomplished by pairwise comparison of the factors, starting with the
main criteria. Below are the resulting priorities of composition, physical-chemical properties, fuel properties,

environmental properties, qualitative aspects, and financial properties shown in Fig. 3.

0,0504 0.0504 = Composition

® Physical-Chemical

Properties
0,0923 .
= Fuel Properties
Environmental
0,2536 Properties

B Qualitative Aspects

m Financial Properties

Figure 3. Priorities of main criteria

In the next step, there are groups of sub-criteria under each main criterion to be compared two by two.
Each pair of sub-criteria related to the fuel property is compared based on their impact on fuel property
criterion.

At this point, the comparison for fuel property criteria is made, and the method has obtained the local
priorities for this group. These priorities reflect on how much it adds to the weight of its parent, thus we need
to calculate the “global priority” of each sub-criterion which shows the impact of each on the overall goal of
determining the best fuel for internal combustion engines. The global priorities throughout the hierarchy should
add up to one. The global priorities of each sub-criterion are calculated by multiplying their local priorities
with the priority of its parent criterion which results in the following values for the sub-criteria under fuel

property. Fig. 4 shows the resulting global weights for these criteria based on pair wise comparisons.

Max. Practicle comp. ] 0,0169
Stoichiometric air/fuel ] 0,0238
Latent heat of vaporiz. | 0,0336
Flammability ] 0,0064
Viscosity _____ | 0,0086

Autoignition Temp. | 0,0468
Flash Point ] 0,0120
Energy Content | 0,0659
Octane 10,0950
Cetane 10,0950

0 001 002 003 004 005 006 007 008 009 O,
Figure 4. Global priorities of sub-criteria under fuel properties
The second group of sub-criteria involves the composition of the fuel in terms of C, H, and O. These
three atoms are evaluated in terms of their impact on the quality of fuel. The factors under the fourth group
27
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showing the physical and chemical properties of the fuel alternatives are also compared pairwise to assess their
impact. Financial criterion covers the production cost of the fuel and the price. The fuel alternatives are
evaluated from the environmental perspective due to its critical role on the sustainability of these energy
sources. HC, NO,, CO, PM10, CO; production of the fuel types along with their ozone impact are evaluated
under within this group. Finally, a set of qualitative properties such as energy security, fuel availability, types
of vehicles available, maintenance, and safety issues are grouped under this main criterion. All these elements
are compared as to how significant impact they have on the overall goal. Fig. 5 shows the global priorities of

the mentioned groups of sub-criteria.
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Figure 5. Sub-group priorities

After determining the priorities of the main criteria with respect to the overall goal of choosing the

optimum fuel and priorities of each sub-criterion with respect to their own main criterion, the fuel alternatives
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are compared two by two with respect to each sub-criterion. 8 different fuel alternatives are used for the
purpose of this investigation to be evaluated.

The properties of the selected alternatives are presented in Table 5-6 below:

Table 2. Physical and chemical properties[37-56]

Liquefied  Liquefied

. Methanol
. Diesel - Ethanol Petroleum  Natural
Gasoline (No. 2) Biodiesel (E85) (M85) Gas Gas Hydrogen
(LPG) (LNG)

Composition, Weight
%
Carbon 85-88 84-87 66.1 52.2 37.5 82 75 0
Hydrogen 12-15 33-16 13.7 13.1 12.6 18 25 100
Oxygen 0 0 18.2 34.7 49.9 0 0 0
Density, kg/m3 718.98 - 802.861-
@15,56 °C 778.95 886.742 826.827 792.08  794.47 505.68 128.22 -
Molecular Weight 100-105 200 88.15 46.07 32.04 44.1 16.04 2.02
Specific 0.72-0.78 0.81-0.89  0.744 079  0.79% 0.508 0.424 0.07
gravity,15,56°C
Freezing point, °C -40 -40-30 -164 -173.2 143.5 -305.8 -296 -435
Boiling temperature°c  20:57~ 18768~ 55 7778 65 4222 -16167  -20.13

' 225 343.33 ) ) ' '
Reid vapor pressure, 55.16—
kPa 103.4 14 53.8 15.86 31.72 1434.11  16547.42 -

Table 3. Fuel properties [37-56]
. Diesel - Ethanol ~ Methanol
Gasoline (No. 2) Biodiesel (E85) (M85) LPG LNG Hydrogen

Cetane no. 5t020 40to55 461to 60 0-54 N/A N/A N/A N/A
Octane no. 86t094 8to15 ~25 110 112 104 120+ 130+

Energy Content [kJ/m®]  31246.17-

(Lower heating value) 2354 28 35809.61 33318.585 21273.17 15955.58 23480.48 5919.59  14376.74

Energy Content [kJ/m®]  33552.14-

(Higher heating value) 34653 56 38597.16 35662.45 23558.51 18171.24 25478.75 661244  17004.32

Flash Point [°C] “4278 7389 100-170  12.78 1111 8722 -187.78 N/A
Autoignition 148.89 42278  454.44- 17.19- -
Temporature [°C] 257.22  315.55 793 510 17.22 1718
ViscosityCentipoise @

1556 °C 0.37-044 2.6-41  0.35 1.19 0.59 - - -
Flammability limits, 1.4-76 1-6 1684 4319  7.3-36 2295 53-15 4.1-74
volume%

Latent heat of vaporization

Ki/kg@ 15,56 °C 34890 23260 320.99 921.10 1176.96  449.15 509.40 446.82

Stoichiometric air/fuel,

. 14.7 14.7 11.7 9 6.45 15.7 17.2 343
weight

Max. Practicle

; . 10:1 23:1 23:1 19:1 19:1 17:1 17:1 -
compression ratio

Table 4. Weighted emissions obtained (in uS/km) for vehicles using alternative fuels on basis of exposed emissions [37-56]
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Diesel

Biodiesel

Ethanol

Methanol

Gasoline (No.2)  (soybean) (E85) (M85) LPG LNG  Hydrogen
HC 2643 2173 2461 2005 2488 1595 454 516
NOx 10113 15581 17694 1176 576 2114 3210 787
CO 164 33 26 30 28 5 2 2
PM10 361 7716 5145 1637 175 1703 103 128
Total 13281 25502 25327 4848 3267 5417 3768 1432
*The ozone-forming
impacts of burning the 2 1 5 4 5 5 6 5
fuel
CO; (Ibs COa/gal) 20 22 19 13 3 13 10 0
Table 5. Qualitative Characteristics [52-56]
Liquefied Liquefied
Gasoline Diesel Biodiesel Ethanol M(E;\;h;;)o' Petroleum Natural Hvdrogen
(No. 2) (soybean) (E85) Gas Gas ydrog
(LPG) (LNG)
Energy Security Impacts 2 1 5 4 4 2 3 5
Fuel Availability 6 5 3 2 2 4 1 1
Typ_es of vehicles 6 5 5 4 4 5 4 1
available today
Maintenance Issues 6 6 3 4 4 5 5 5
Safety 5 4 6 6 6 3 4 4
Table 6. Financial attributes [55-56]
. L Liquefied Liquefied
Gasoline (I,D\llgszl) (E Z)O%'ee;ﬁ; E(tEgg;)l '\/I(?\;h;;)m Petroleum Natural Gas  Hydrogen
: Y Gas (LPG) (LNG)

Price 0597  0.652  0.850 0525  0.436 0.750 0.665 0.317
($ per Liter)
Production cost g /4 887 2173 10,34  11.69 7.32 14.22 5,91

($/GJruel)

a National average price between July 1 and July 31, 2017

The final step in applying the AHP technique is pairwise comparisons of the alternatives with respect

to the sub-criteria. In order to design an objective scheme for this purpose, the maximum and minimum values

of the alternatives for each sub-criteria is determined. This range is divided into nine even ranges on a scale

from 1 to 9. Finally each alternative is placed in one of these ranges based on their values to compare them

with each other. Remainder of this section presents the priorities obtained under each sub-category using this

scheme.

3. CONCLUSIONS

The biomass-derived fuel is renewable and clean energy source that is considered to be a potential to

replace the traditional fuel. The multi-criteria evaluation methodology has been performed in transport projects

to choose among various options considering mostly economic, environmental, technical, safety, policy, and

social criteria.
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This study aims to find the most appropriate plant oil based on various criteria exist in the literature.
A list of criteria is evaluated and divided into five groups. Each criterion is appointed a relative weight as a
result of expert evaluations. Finally, AHP method is applied to the resulting scheme. Based on the calculations

above, the relative priorities corresponding to the attractiveness of each fuel about all factors are presented

below:
0,18
0,16
0,14
0,12
0,1
0,08 |
0,06 E
0,04
0,02 -
£ = - E
0 = - = m=Em | E=EmE
Composition Chem.-Phys. Fuel Prop. Environment Qualitative Financial Total
Prop. al Prop. Prop. Prop.
= Gasoline 0,0038 0,0049 0,0414 0,0103 0,0129 0,0153 0,0888
Diesel 0,0035 0,0065 0,0687 0,0089 0,0082 0,0181 0,1138
Biodiesel 0,0053 0,0051 0,087 0,0192 0,0204 0,0035 0,1404
Ethanol 0,0098 0,0051 0,0484 0,0301 0,014 0,0172 0,1247
= Methanol 0,0171 0,0046 0,0437 0,0388 0,014 0,0167 0,1349
=LPG 0,0035 0,0049 0,0328 0,0385 0,0058 0,0224 0,1078
= LNG 0,0031 0,0143 0,0312 0,0573 0,0052 0,0095 0,1207
= Hydrogen 0,0044 0,0048 0,0506 0,0504 0,0119 0,0468 0,1688

Figure 6. Fuel comparison
The obtained results indicate that the Hydrogen with a global priority of 0.1688 presents itself as the
optimum source of energy that satisfies all the criteria selected. On the other hand, Gasoline obtains the lowest
priority score of 0.0888. The results also indicate that LNG is the alternative that contributes the most to the
environment, presenting itself as an environment-friendly energy source.
Aside from providing a quantitative method to evaluate the alternative fuels, this study brings together
a wide range of properties that are grouped under a set of criteria. Various critical qualitative aspects of fuels

such as energy security and safety etc. are also quantified to be added into this quantitative analysis.

The model developed within the scope of this study can further be enhanced or improved to cover
different aspects of alternative energy sources for internal combustion engines and serve both the policy-
makers and the industry itself.
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ABSTRACT

Carbon Fiber Reinforced Composite (CFRC) plates have been subjected to
low energy impact tests at 22,5°C (with strain gauge mounted), 22,5°C,
0°C, -30°C and -60°C separately. CFU10T carbon is chosen as fiber
material and CR80 epoxy resin as matrix. The samples have been prepared
as 100 X 100 mm. width/length and 2 mm. (thickness), 8 layered
respectively and have been orientated as quasi-isotropic. The plate samples
have been prepared by hand layup method. Low velocity impact tests have
been carried out by Weight Drop Impact Test Setup according to ASTM
D7136. Critical response force-time, strain and damage response have been
investigated. It has been observed that; as the temperature decreases,
contact forces increase and contact time decreases. The laminate humber
and lay up orientation also affect the low impact energy behavior of plates.
As the temperature decreases, impact strength of CFRP plates decreases. It
has been experimentally observed and proved that low temperature
decreases impact strength.

oz

Karbon fiber takviyeli kompozitler (KFTK); 22,5°C (strain—gage i),
22,5°C, 0°C, -30°C ve-60°C sicakliklarda diistik enerjili darbe testlerine
tabi tutulmuslardir. CFU10T karbon fiber ve CR80 re¢ine matriks malzeme
olarak kullanilmigtir. Numuneler 100 X 100 mm. genislik/uzunluk ve 2
mm. kalinlikta 8 tabakali olarak hazirlanmis ve quasi-isotropic olarak ayri
ayr1 yonlendirilmislerdir. Tabakalar el yapimi yayma metodu ile
hazirlandiktan sonra ASTM D7136’ya gore diisiik hizda darbe testine tabii
tutulmuglardir. Kritik kuvvet-zaman, gerinim-zaman grafikleri hazirlanarak
ayri ayr1 hasar analizleri yapilmistir. Sicaklik azaldikc¢a temas kuvvetinin
arttig1 ve temas zamaninin azaldigi gézlemlenmistir.
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1. INTRODUCTION

Fiber-reinforced composites have been used as engineering materials for nearly five decades.
Early development of fiber-reinforcement composite technology began in the defense sector where
uses for composites included such things as filament-wound rocket motor cases. Evaluation of the
technology took place primarily in the defense industry for many years due mainly to the extremely
high costs associated with developing and manufacturing these materials. As technology matured,
development costs decreased to the point where composites could be economically used in a variety of
commercial industries. Today, airframe manufactures utilize composite materials in certain external
areas such as wing flaps, elevators, rudders, spoilers, and landing gear doors [1].

As fabrication methods become even more economical, composites will be used more
extensively as aircraft surface panel materials. With this increased use of composite materials on the
exterior of aircraft, it is imperative that designer understand how these materials behave under all
loading conditions. One of these loading conditions that exterior components will encounter
throughout their service lives is impact loading due to foreign object impact. Because composites have
poor resistance to damage due to out-of-plane impact, loading could preclude their use in some
structures [2].

Hand lay-up is the most common and least expensive open-molding method because it requires
the least amount of equipment. Fiber reinforcements are placed by hand in a mold and resin is applied
with a brush or roller. Hand layup is an open molding method suitable for making a wide variety of
composites products from very small to very large. Production volume per mold is low; however, it is
feasible to produce substantial production quantities using multiple molds. Design changes are readily
made. There is a minimum investment in equipment. With skilled operators, good production rates and
consistent quality are obtainable [3].

Recently, there has been considerable interest in mechanical tests of fiber reinforced
composites. BelingardiveVadori conducted a study on glass fiber epoxy resin composites low energy
impact resistance and investigated energy absorbing ability at different impact velocities and deduced
force-displacement graphs [4]. Different kinds of strikers affecting on the impact resistance of carbon
epoxy composite laminates have recently been proposed in the literature by Mitrevski and colleagues;
as a result, they have concluded that the samples exposed to impact by conic edge are the most energy
absorbed sample [5]. Dimensional and striker effects to the low energy impact of composites have
been investigated by Aslan and colleagues [6]. Milli and colleagues investigated the behaviors of
epoxy glass composites at low velocity impact by using theoretical hertz impact law and obtained
consistent results with the tests [7]. Karim and colleagues studied the impact behavior and
performance of epoxy composites produced by under single and repeated low-velocity impact loading
and showed that performance of epoxies decreases at low temperatures [8]. Kara investigated the

dynamic behavior of epoxy glass composites under low velocity impact behavior and damage analysis
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according to the different plate dimensions and obtained similar results as Karim and colleagues
obtained [9]. Cho K. and friends studied the effect of heat fluctuations (low and high temperature) of
impact damage on carbon fibers (CFRP) and obtained that heat fluctuations decreases impact
resistance [10]. Ibekwe and colleagues have studied the damage effect of compression test on glass
fiber reinforced composites at low temperature degrees [11]. T. Gomez and his colleagues examined
the low impact damage behavior of CFRPs at different temperatures and concluded that the influence
of temperature and ply reinforcement architecture of stacking sequence effect the mechanical behavior
of the CFRP laminates subjected to low velocity impulsive loads [12]. Lal studied on the 8 layered
isotropic graphite/epoxy composites low impact behavior [13]. Whittingham and colleagues
investigated the low impact behavior of carbon fiber / epoxy laminates under prestress and depicted
that penetration depth, impact load and absorbed energy are independent from prestress value upto 6J,
but dependant at greater energy levels [14]. Husseinzadeh analyzed the high impact behavior of
CFRPs numerically with ANSYS Ls-Dyna V6.1 software and obtained consistent results with
experiments [15].

Also there has been studies and investigations on the impact behavior of composites at different
temperature degrees; some of these studies are as follows:

Amin Salehi-Khojin and his colleagues investigated the role of temperature on impact
properties of Kevlar/fiberglass composite laminates and showed that as the temperature decreases,
strength decreases [16]. Jeremy Gustin and his colleagues studied on low velocity impact of
combination kevlar/carbon fiber sandwich composites [17].

The originality of our study is based on the hand layup preparation and low velocity impact
response analyze at low temperatures of CFRPs together. One group of samples for each array at

22,5°C have been subjected to test with strain-gauge. Also; strain analyze is conducted for this group.

2. MATERIAL AND METHOD

Carbon fiber and epoxy resin are used for preperation of plates (Table 1) by hand layup process
at 23,7°C, % 28 humidity and under 650 mm Hg. pressure, approximately for 30 minutes. The plates
have been vacuumed, after that they have been cured at 55°C for 16 hours [3].

The stacking sequence and numbers are depicted below:

Composite type: Carbon (CFU 10T), epoxy (CR 80) and CH 80-6 hardener (Fig. 1).

(%70 fiber-carbon-% 30 matrix-epoxy resin)

Dimension of samples : 100 x 100 mm.
Each layer thickness : 0,25 mm.
Plate thickness 12 mm.
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Figure 1. Composite plates after vacuum and curing process

Table 1. Properties of the constituents of plates [18, 19]

Properties CFU 10T Carbon (fiber)  CR 80 Resin (epoxy)
Tensile strength (MPa) 1180 69

Tensile modulus (GPa) 190 3,2

Density (g/cm®) 18 1,17

Table 2a. Stacking sequence of samples

Sample Codes

1N1(22,5°C strain gage),
1IN2 (22,5°C),

IN3 (-30°C),

1N4 (-60°C),

IN5 (0°C),

[0/+45/+45/90]s

2N1(22,5°C strain gage),
2N2 (22,5°C),

2N3 (-30°C),

2N4 (-60°C),

2N5 (0°C),

[90/+45/0/-45],

3N1(22,5°C strain gage),
3N2 (22,5°C),

3N3 (-30°C),

3N4 (-60°C),

3N5 (0°C),

[+45/0/-45/90]
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Table 2b. Stacking sequence of samples

Sample Codes Array
4N1(22,5°C strain gage), [0/+45/90/-45]s
4N2 (22,5°C),

4N3 (-30°C),

4N4 (-60°C),

4N5 (0°C),

5N1(22,5°C strain gage), [0/-45/90/+45]
5N2 (22,5°C),

5N3 (-30°C),

5N4 (-60°C),

5N5 (0°C),

6N1(22,5°C strain gage), [+45/0/90/-45]s
6N2 (22,5°C),

6N3 (-30°C),

6N4 (-60°C),

B6N5 (0°C),

Samples (Table 1 and 2) have been prepared and tests have been carried out according to ASTM
D7136 "Standard Test Method for Measuring the Damage Resistance of a Fiber-Reinforced Polymer
Matrix Composite to a Drop-Weight Impact Event™ [20].

A weight drop impactor test setup was used for impact tests (Fig. 2(a) and (b)). The device has
been designed so as to make damage on the materials by a substance dropped from a definite height
with low velocity and mass. For this study, all samples were impacted with a 9 kg. drop weight. Since,
the drop weight was not changed, the different impact energies were achieved by adjusting the drop
height. A pneumatic clamping fixture, with a 76.2 mm. (3in.) diameter opening, secured each sample
during impact. The samples were impacted with a 12.7 mm. (0.5in.) diameter striker with a
hemispherical tip, constructed by a high strength steel. Impulse software was used to display and store
the impact data.

Figure 2. (a) Weight Drop Test Setup and Settlement of Sample to the Fixture
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Figure 2. (b) Weight Drop Test Setup and Settlement of Sample to the Fixture

The force sensor 201B03 model (Table 3) ICP manufactered by PCB Group Company is used
in tests (Fig. 3.)

Figure 3. The Force Sensor

Table 3. Technical Specification of Force Sensor

Specification Value

Sensivity (x15%) 2248 mV/kKN
Measuring Range (Pressure Force) 2,224 kN

Maximum Statical Force (Pressure Force) 13,34 kN

Broadband Resolution (1-10 000 Hz) 0,04448 N-rms

Low Frequency Response (-5%) 0,0003 Hz

Highest Frequency Limit 90 kHz

The data collector is the application that collects and delivers the metadata that is analyzed and
presented in the GUI (Graphical user Interface) in computer (Table 4). The NI 9233-USB-9162 model
data collector is used in tests (Fig. 4.)
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Figure 4. NI 9233-USB-9162 Model Data Collector and Mounting

Table 4. Technical Specification of Data Collector

Specification Value
Channel Number 4
Resolution 24-bite
Dynamic Interval 102 dB

Minimum Data Rate 2 kS/s
Maximum Data Rate 50 kS/s
Frequency 12,8 MHz
Sensitivy +100 ppm max.

Optical photocells are used in tests in order to measure the strain rate (Fig. 5.)

Figure 5. Optical photocells and sample with strain-gauges
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i

Figure 6. 003A20 Model LowNoise Coaxial Cable

Collected data from impact tests to the data collector was transmitted by coaxial cable without
losing data (Fig. 6.).

Plates have been subjected to cooling operation by nitrogen gas and when desired temparature
degree (0°C, -30°C and -60°C) is obtained, low velocity impact tests have been conducted
immediately. The temperature degrees have been kept stable till the experiments were conducted

(Fig.7).

Figure 7. Nitrogen Gas Tank

3. THE RESEARCH FINDINGS

Nt anh
HING SNS

SN
SNS

| TINS

=i |

=
X
%>
p

Figure 8. Samples subjected to low velocity impact test at +22,5 < (strain gage),
+22,5C, -30 <, -60 T and 0 T respectively
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Figure 10. Samples subjected to low velocity impact test at +22,5 < (strain gage), +22,5<C, -30 <, -60 < and
0 <C respectively

A Strain gage (sometimes referred to as a Strain Gauge) is a sensor whose resistance varies with
applied force; it converts force, pressure, tension, weight, etc., into a change in electrical resistance
which can then be measured. When external forces are applied to a stationary object, stress and strain

are the result. Stress is defined as the object's internal resisting forces, and strain is defined as the
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displacement and deformation that occur. Strain gauges (120 (€2) and % 3 strain limit) are used to

measure the strain for the samples that have been subjected to impact at +22,5°C (fig.9 ve 10). [21].

0,6

d (kn,)

0,4

0,2
pact Loa

Im

0

12,5

10
t(ms.)

2,5 7,5 15

Figure 11. Signals taken by samples subjected to repeated forces

Until striking edge hits the sample, force is zero. Just at the hitting time, the force increases to
a very high level and then again after second hit a small force magnitude has been obtained compared
to the first hit as seen in Fig. 11. This means a second impact force has been applied. And as seen in
Fig. 12., after second impact force a less contact force has been observed. Until the striking end stops,
the impact forces continues. Fcr force is the initating force that makes a permanent damage.

I."'Fmax= 6,288 kN.

_F —azakN. WV Oscillation
crer— ] .

Y :
Rm#"flﬂ .\"II'I

Contact Force (kN.)

16,215
t{ms.]

16,2125 16,2175

16,22

Figure 12. Force-time graph of [0/+45/-45/90] oriented sample subjected to low velocity impact test (strain-
gauge mounted)

Table 5. Impact Parameters

Impactor (Striker) Diameter(mm.)

76,2 mm.

Impact Velocity (m/s.) (upon impact)

2,44 m/s.

Mass of Impactor (kg.)

9 kg.

Impact Energy (J.)

26,5

Impactor Height to Sample (mm.)

300 mm.
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Table 6. The results obtained from [0/+45/+45/90] oriented sample subjected to low velocity impact test
(strain-gauge mounted)

Fmax (kN) Fcr (kN) tFmax (mS) ttotal (mS)
6,288 4.28 0.0019 0.014

Fmax : Maximum force obtained

Fe : Critical force initiating damages at the samples.

tFmax tlme fOI’ Fmax

tora - total impact time

Impact parameters are depicted at Table 5.

The first damage starts to occur in the sample at Fc, (fig.10). This is called as F. (critical force

starting to cause damages at the samples). Then the force reach to a maximum, after that an oscillation
is observed until a second Fmae. Contact force decreases sharply to O (zero) as observed in

[0/+45/+45/90] oriented sample subjected to low velocity impact test (strain-gauge mounted) (Table 6

and Fig.12). For a non-reversible and visible damage, Fcrmust be exceeded. If not, invisible damages
could be observed.

[0/+45/-45/90],

6 j'H: —1N1_Smain
. n{r"j! | gage_+22,5°C
= I ” IN2_+22,5°C
o s \

g 4 : e
g R\ | — IN3_-30°C
i: / CAN SEe
5 \\ : ’
3 1 / \\ IN4_-60°C
\\
1 i \ INS_0°C

Figure 13. Contact force -time graph of [0/+45/+45/90]s (Sample code 1N) oriented samples subjected to low
velocity impact test at different temperatures

[90/+45/0/-45],

=—1NI1_strain
& 22.5°C

Contact Force |KN|
w s

Figure 14. Contact force -time graph of [90/+45/0/-45]s (Sample code 2N) oriented samples subjected to low
velocity impact test at different temperatures.
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[+45/0/-45/90],

i ——3NI_strain
z 6 ¥ gage +22,5°C
= IN? 422 5°C
o AN IN2_+22,5°C
£ NG —3N3_-30°C
B \ y .
'E > e IN4_-60°
S ., ! \ 3N4_-60°C

1 \/ 3N5_0°C
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Figure 15. Contact force -time graph of [+45/0/-45/90]s (Sample code 3N) oriented samples subjected to low
velocity impact test at different temperatures
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}
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Figure 16. Contact force -time graph of [0/+45/90/-45]s (Sample code 4N) oriented samples subjected to low
velocity impact test at different temperatures

[0/-45/90/+45],

=== S5N1_strain
gage_+22.5°C
SN2_+22,5°C

\ SN4_-60°C
\\q_’ SNS_0°C

Figure 17. Contact force-time graph of [0/-45/90/+45]s (Sample code 5N) oriented samples subjected to low
velocity impact test at different temperatures
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[+45/0/90/-45],

\ =—6N1_strain
6 A Y gage_+22,5°C

Contact Force [kN|
2
o]

Time [10-*msn]

Figure 18. Contact force -time graph of [+45/0/90/-45]s (Sample code 6N) oriented samples subjected to low
velocity impact test at different temperatures

Table 7. Contact Force-Time Values According to Fig.11-16 (tstart is O (second) for all samples)

Sample Number temax (MS.) trotal(MS.)
IN1 44 14
1IN2 4 13,7
1IN3 4,5 14,3
1IN4 44 13,2
IN5 5,4 15,9
2N1 5,4 16,1
2N2 4,5 13,8
2N3 4,5 13,9
2N4 5,2 13,9
2N5 6,9 19,1
3N1 5,6 12,9
3N2 5,7 14,5
3N3 4,1 13,1
3N4 5,7 14,2
3N5 4,1 13,8
4N1 9,5 18,1
4N2 6,6 14,5
4N3 4,5 15,8
4N4 4,6 15,2
4N5 8 17,9
5N1 4,1 11,4
5N2 44 13,4
5N3 4,6 14,2
5N4 5,2 16,3
5N5 4,6 14,3
6N1 10,5 16,1
6N2 7,1 17,4
6N3 7,3 14,8
6N4 5,8 19,3
6N5 4,5 14,1
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Feontact 1S the reaction force to the impact force, Fcr force is the initating force that makes a
permanent damage and Fmax. is the ultimate force that smaple reacts to the impact force as seen in
fig.13 through fig.18.

As temperature increases, delamination occurs at all layers. This result indicates the decreasing
of stiffness. In other words impact strength decreases, as temperature decreases. Inl,2,4and 5
numbered samples that starting in with 0° and 90° oriented angles, delamination occurs almost at all
layers. In 3 and 6 numbered samples that starting in with +45° oriented angles, delamination mostly
occurs at substrates, as a result it can be deduced that samples starting in with +45° oriented angles
have more strength than the other ones. Reset time is utmost at 6N4 number sample (-60°C), it means
the most resilient one is this sample among the other ones. As the temperature decreases, damage area

increase. Low temperature significantly effects the damage areas (Table 7).
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Figure 19. Strain-time graphs of samples subjected to low velocity impact test at different temperatures a) 1N1,

b) 2N1, ¢) 3N1, d) 4N1, e) 5N1, f) 6N1 (strain gauge mounted samples at 22,5°C)
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Strain amount is high at the [0/+45/-45/90]s oriented sample and damage area less. Strain
amount is low at the [+45/0/90/-45]s oriented sample and damage area is more. [0/+45/90/-45]s and
[0/-45/90/+45]s oriented samples area identical to each other so strain values is almost same (Fig. 17).
It is observed that if the damage occurs earlier, material has lower toughness and more brittle; and vice
versa. The reason why the strain values begin under zero is the compression force observed during
impact force applied to the samples.

point impact
applied

Figure 20. Impact Applied Point

Impact force is applied directly to the center of samples (fig.20).
Damage photos (fig. 21 through fig 26. for 1N1, 2N1, 3N1, 4N1, 5N1 and 6N1) observed under
microscopy could be seen for all samples from Fig. 27 to Fig. 32.

Figure 21. Impact Applied Point (IN1 Sample)

Figure 23. Impact Applied Point (3N1 Sample)
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Figur 24. Impact Appied Point (4N1 Sample)

Figure 26. Impact Applied Point (6N1 Sample)

' delamination

v

matrix fracture fiber fracture

Figure 27. Cross section view of 1N1 sample under microscopy (LN2, 1N3, 1N4 and 1N5 samples damages are
same as 1N1 with very little differences, so they are not depicted in here.)
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As it is observed at the [0/+45/-45/90]s array;

(IN1); delamination is more at substrates, matrix fractures are more at top 3 layers. Fiber fracture is

mostly observed at bottom 2 layers.

(IN2); matrix fractures and delamination are observed almost at all layers, fiber fracture is mostly

observed at bottom 2 layers.

(IN3); delamination is observed at bottom 4 layers, fiber fractures are more at bottom 2 layers. Matrix

fractures are mostly observed at interstages intensely.

(1N4); delamination is observed at bottom 4 layers, matrixfracturesareobservedafter 2nd layer. Fiber

fracturesaremostlyobserved at bottom 2 layers.

(IN5); matrix fractures are observed at top 3 layers intensely, fiber fractures are observed at bottom 2

layers. Delaminationoccursafter 2nd layer.

Generally; fiber fracturesareobserved at -45° and90° angle layers, matrix fractures and
delaminations occurs at 0° and 45° anglelayers. Most delamination is observed at 1N4 sample (-60 °C),
theleast at 1N3 sample (-30 °C).

delamination ¢ \

matrix fracture X
fiber fracture

Figure 28. Cross section view of 2N1 sample under microscopy (2N2, 2N3, 2N4 and 2N5 samples damages
are same as 2N1 with very little differences, so they are not depicted in here.)

As it is observed at the [90/+45/0-/-45]s array;

(2N1); matrix fractures are observed almost at all layers with delamination, fiber fracture is mostly

observed at bottomlayers.

(2N2); matrix fractures and delamination are observed, fiber fracture is mostly observed at

bottomlayers.
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(2N3); delamination and fiber fractures are mostly observed at bottom layers, matrix fractures at top

layers and delamination are observed in patches at top layers.

(2N4); matrix fractures and delamination are observed at all layers, fiber fracture is observed at

bottomlayers.
(2N5); matrix fractures and delamination are observed, fiber fracture is observed at bottom 3 layers.

Generally; fiber fractures are observed at -45° angle orientation layers, matrix fractures at 90°
angle and delaminations occurs at 0° and 45° angle orientation layers. Most delamination is observed
at 2N4 sample (-60°C), the least at 2N1 sample (22,5 °C).

* * delamination

matrix fracture fiber fracture

Figure 29. Cross section view of 3N1 sample under microscopy (3N2, 3N3, 3N4 and 3N5 samples damages are
same as 3N1 with very little differences, so they are not depicted in here.)

As it is observed at the [+45/0/-45/90]s array; (3N1); matrix fractures are observed almost
at all layers with delamination, fiber fracture is mostly observed at bottom 2 layers.

(3N2); matrix fractures and delamination are observed after 2" layer, fiber fracture is mostly

observed at 2 bottom layers.

3N3); matrix fractures and delamination are observed after 3 layer, fiber fracture is mostl
Y y

observed at 2 bottom layers.

(3N4); matrix fractures are observed almost at all layers with delamination, fiber fracture is mostly

observed at first layer and bottom 2 layers.

(3N5); matrix fractures and delaminations are observed, fiber fracture is mostly observed at bottom

2 layers.
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Generally; fiber fracturesareobserved at -45° and 90° angle orientation layers, matrix fractures
and delaminations occurs at 0° and -45° angle orientation layers. Fiber fracture at thefirstlayer of
samples is onlyobserved at 3N4 (-60 °C), number sample. Most delamination is observed at 3N4
sample (-60 °C), the least at 3N3 sample (-30 °C).

r

matrix fracture

delamination

fiber fracture

Figure 30. Cross section view of 4N1 sample under microscopy (4N2, 4N3, 4N4 and 4N5 samples damages
are same as 4N1 with very little differences, so they are not depicted in here.)

As it is observed at the [0/+45/90/-45]s array;
(4N1); matrix fractures are observed almost at all layers with delamination, fiber fracture is mostly

observed at bottom 2 layers.

(4N2); matrix fractures are observed heavily at all layers with delamination, fiber fracture is mostly

observed at bottom 2 layers.

(4N3); matrix fractures are observed after 2" layer with delamination, fiber fracture is mostly

observed at bottom 2 layers.

(4N4); matrix fractures are observed almost at all layers with delamination, fiber fracture is mostly

observed at bottom 2 layers.

(4N5); matrix fractures are observed heavily at all layers with delamination, fiber fracture is mostly

observed at top 2 and bottom 4 layers.

Generally; fiber fracturesareobserved at 0° -45° and 90° angle orientation layers, Matrix
fractures and delaminations occurs at 0 ° ,+45° and 90° angle orientation layers. Most delamination is
observed at 4N3 sample (-30 °C), the least at 4N2 sample (22,5 °C).
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matrix fracture

delamination .
fiberfracture

Figure 31. Cross section view of 5N1 sample under microscopy (5N2, 5N3, 5N4 and 5N5 samples damages are
same as 5N1 with very little differences, so they are not depicted in here.)

As it is observed at the [0/-45/90/+45]s array;
(5N1); matrix fractures are observed heavily almost at all layers with delamination, fiber fracture is

mostly observed at bottom 3 layers.

(5N2); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 3 layers.

(5N3); matrix fractures are observed heavily almost at all layers with delamination, fiber fracture is

mostly observed at bottom 3 layers.

(5N4); matrix fractures are observed after 2" layer with delamination, fiber fracture is mostly

observed at bottom 3 layers.

(5N5); matrix fractures are observed heavily almost at all layers with delamination, fiber fracture is

mostly observed at bottom 3 layers.

Generally; fiber fractures are observed at +45 ° and 90 ° angle orientation layers, matrix
fractures and delaminations occurs at 0 °, +45 ° and 90° angle orientation layers. Most delamination is
observed at 5N5 sample (0 °C), the least at 5N2 sample (22,5 °C).
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matrix fracture

delamination

fiber fracture

Figure 32. Cross section view of 6N1 sample under microscopy (6N2, 6N3, 6N4 and 6N5 samples damages
are same as 6N1 with very little differences, so they are not depicted in here.)

As it is observed at the [+45/0/90/-45]s array;

(6N1); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 2 layers.

(6N2); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 2 layers.

(6N3); matrix fractures are observed after 3 layer with delamination, fiber fracture is mostly observed

at bottom 2 layers.

(6N4); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 2 layers.

(6N5); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 2 layers.

Generally; fiber fractures are observed at -45 © and 90° angle orientation layers, matrix
fractures and delaminations occurs at 0 °, +45 © and 90° angle orientation layers. Most delamination is
observed at 6N3 sample (-30 °C), the least at 6N1 sample (22,5 °C).
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Table 8. Feontact - Strain and Deflection Amount in All Samples

Sample Code Temperature (°C) F (kN) Strain (mm./ mm) | Deflection (mm.)
IN1 (Strain gage) +22,5°C 6,288 0,0624 2,35
IN2 +22,5°C 6,1531 2,425
IN3 -30°C 7,117 2,29
1IN4 -60°C 6,729 3,615
IN5 0°C 6,8878 3,53
2N1 (Strain gage) +22,5°C 7,171 0,00784 2,23
2N2 +22,5°C 6,446 3,49
2N3 -30°C 7,2874 3,55
2N4 -60°C 7,885 4,925
2N5 0°C 7,732 3,525
3N1 (Strain gage) +22,5°C 7,732 0,00413 3,50
3N2 +22,5°C 7,499 2,15
3N3 -30°C 6,6133 2,255
3N4 -60°C 7,289 3,95
3N5 0°C 8,563 3,485
4N1 (Strain gage) +22,5°C 7,33116 | 0,0594 3,385
4N2 +22,5°C 6,853 2,15
4N3 -30°C 7,056 3,765
4N4 -60°C 6,467 3,70
4N5 0°C 7,293 3,73
5N1 (Strain gage) +22,5°C 8,091 0,0594 3,79
5N2 +22,5°C 7,533 2,39
5N3 -30°C 7,845 3,50
5N4 -60°C 7,070 3,80
5N5 0°C 6,452 3,855
6N1 (Strain gage) +22,5°C 8,4945 0,00386 2,025
6N2 +22,5°C 6,826 2,89
6N3 -30°C 7,4358 3,93
6N4 -60°C 7,281 3,91
6N5 0°C 7,652 3,58

As seen in table 8; the sequence stack and temperature degress has no certain effect on the

4. DISCUSSION

As the temperature decreases, it could be obviously seen all kinds of damage failures (fiber-

increases.

1,2,4 and 5 numbered samples beginning with 0 ° and 90 ° angles have delamination after

57

This is also a significant outcome of the study according to the test results.

impact performance of samples; but we can generally say thatdeflection at low temperatures is more.

matrix fracture and delamination) from Fig. 18 through 23. Delamination is observed in all layers, as

strength decreases. As the temperature decreases, impact resistance decreases, and damage quantity

impact almost at all layers. Samples beginning with +45° orientation angles (number 3 and 6 samples)

,delamination has been observed mostly at lower layers. Samples beginning with +45° angles have
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better impact resistance than the other samples. This is an important result that can be obtained from

our study.

As the temperature decreases, the strength of matrix (epoxy) also decreases. So matrix fracture
could be observed. As matrix fracture occurs, fiber cleavages fractures and delaminations have been
triggered (Fig. 18-23). And also fiber fractures triggers matrix fractures. This is the second important
result observed; so the failure in the samples should be considered as a whole; this phenomenon is free
from temperature or array of samples. This is the third important result that is concluded from the

study.

The force-time graphs for all samples could be seen Fig. 11 through Fig. 16. First of all there is
an abrupt increase in force versus time, then a small oscillation and then slowly decrease. As
oscillation increases, damage decreases. Also as temperature increases, oscillation increases. This lead
us to a conclusion that free from fiber and matrix array; as temperature decreases, damage quantity
increases and as temperature increases, tougher structure could be observed. This means less damage
area. Damage area has been observed through the microscope (optic microscope) in all the samples

and evaluated as fiber, amtrix fracture or delamination [2].

This result also could be seen in strain-time graphs (fig.17). As temperature decreases, strain
decreases and more damage area could be observed. More delamination, matrix and fiber fracture
areas can be as temperature decreases. This is the most important observed and experimental result of

this project; in other words as strain increases, damage amount decreases.

Fiber and layer orientation is an important factor at CFRP damage behaviors in temperature and
force applied. At lower temperatures interlaminer residual stress affects matrix fracture as well as

delamination.

As strain increases, damage quantity decreases. Strain amount has a retarding effect on matrix
and fiber fracture. It is observed and experimentally seen that the strain is inversely proportional to
damage quantity.

5. CONCLUSION

Low impact response at low temperatures of CFRP platesfabricated by hand layup method have
been investigated. As well as temperature; failure behaviors of different arrayed plates and strain
behavior at 22,5°C have been observed. Preparation of samples, implementation of test setup and

connection of strain-gauges have been done. Following results can be concluded:;

1. It has been observed experimentally that +45° and -45° arrays ( 3N and 6N) have better strength
values than +90° and -90° arrays (1N,2N,4N and 5N).
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2. As the temperature decreases, the strength decreases.

3. In all damaged CFRPs samples; delamination, fiber and matrix fracture have been observed.

4. Damages affected by compression forces are less than tensile forces.

5. Damages at rear side of samples are much more than the front side because of the tensile forces.

6. 1,2,4 and 5 numbered samples beginning with 0 ° and 90 © angles have more strain values than 3 and

6 numbered samples beginning with +45 ° orientation angles, this means samples beginning with +45°

angles have better impact resistance than the other samples (number 1,2,4 and 5 samples), because Fcr

is higher as proved experimentally (fig.13-18).
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0z

Bu ¢alisma, 2018 yilinda Mardin iline bagh Derik Ilgesinde yapilmustir.
Derik Ilgesini kuzeyden giineye temsil 3 tane 2'ser da'lilk deneme
parsellerinde ve 2. Uriin olarak ciftci tarafindan ekilen arazilere haftada 1
kez c¢ikiglarla ¢aligmalar yapilmistir. Boceklerin toplanmasinda atrap,
feromon tuzaklari ve yapiskan renk tuzaklari kullanilmigtir. Calisma
sonucunda Insecta simifindan belirlenen tiirlerden 1.iiriin soya fasulyesinde
Spodoptera littoralis (Lepidoptera: Noctuidae), Heteracris littoralis
(Orthoptera: Acrididae)en onemli zararlt tiirler olarak tespit edilmis olup,
Cicadellidae, Aphididae ve Pentatomidae familyalarina ait tiirler de tali
zararh olarak tespit edilmigtir. 2.{iriin soya fasulyesinde ise Spodoptera
littoralis, Heteracris littoralis ve Bemisia tabaci (Hemiptera: Aleyrodidae)
1. derecede zararli olarak, tali zararli olarak da yaprakpireleri ve
yaprakbitleri gorillmiistiir.

ABSTRACT

This study was conducted in 2018 in Derik District of Mardin Province.
Derik District, representing the North to south, 3 pieces of 2 each of the
parcelsand 2 crops planted by the farmer as theoutput of thefarmonce a
week Atrap, pheromon etrap sand sticky color traps were used for species
collection. At the end of the study, Spodoptera littoralis and Heteracris
littoralis were identified as the most important pest species in soybeans.
Species belonging to Cicadellidae, Aphididae and Pentatomidae
familieswere also identified as secondary pests. Spodoptera littoralis
(Lepidoptera: Noctuidae), Heteracris littoralis (Orthoptera: Acrididae) and
Bemisia tabaci (Hemiptera: Aleyrodidae ) were found to be grade 1 pests
and aphids as secondary pests in soybeans. The second product is soybean,
Spodoptera littoralis, Heteracris littoralis and Bemisia tabaci 1st degree
harmful, leaf hopperand aphids were found as secondary pests.
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1. GIRIS

Latincesi Glycine max olan soya fasulyesi biinyesinde bulunan besin maddelerinin ve
Uriinlerinin piyasa degeri bakimindan yeryliziinde ‘“harika bitki” olarak da isimlendirilmistir.
Tohumlarindaki yag orami yaklasik % 21 ile 24 arasinda iken protein miktar1 yaklasik % 40’tir.
Arioglu [1]. Diinyadaki yemeklik yaglarin ortlama % 33’ii ve protein kaynaginin ise % 66’s1 soya
fasulyesinden elde edilmektedir. Golbitz [2]. Soya fasulyesi yagmin ¢ikartilmasinin ardindan arta
kalan kiispesi kiymetli bir hayvan yemidir. Yem rasyonlarina katilmasiyla birlikte iiriin ve kalitede

artiglar meydana gelmektedir. Arioglu ve ark. [3].

Amerika Birlesik Devletlerinde 6zellikle 1950°1i yillarda soya fasulyesi iiretiminde bir artig
gbzlenmis olup bugiin soya fasulyesi iiretiminde zirvededir. Yine Amerika kitasindaki Brezilya’da
1970’1 yillarda soya fasulyesi iiretiminde gozle goriilir bir artis olmustur. Amerika Birlesik
Devletleri’nden sonra sirasiyla Brezilya ve Arjantin hem diinyanin en biiyiik soya fasulyesi {ireticileri

hem de ihracatgilari durumundadirlar. Guler [4].

Mardin gerek tarih gerekse tarim agisindan onemli bir ilimizdir. Mardin ovasi bereketli
topraklarindan yilda iki iiriin alabilme imkania sahiptirler. Ozellikle son yirmi yildir ciftcilerin kendi
inkamlariyla ac¢tigi 6zel sulama kuyular ile tarimsal faaliyetlerde artis olmustur. Béylece bolgede
1.iriin bugday 2.iirlin musirt her yil st iste tercih edilmektedir. Diger taraftan mono kiiltiir tarimla
yorulan topraklarda hastalik ve zararli etmenler de her yil aymi konukgularini bularak etkili
olmaktadirlar. Bir baklagil triinii olan Soya fasulyesi hem 1. Uriinhem de 2. iriin olarak

yetistirilebilmesinden dolay1 bolgede artik tercih edilmeye baslanmistir.

Bu calisma Mardin Derik'te soya fasulyesi alanlarinda zararli olan bocek tiirlerinin varligini
ortaya koymak i¢in yapilmistir. Ayn1 zamanda Bolge ¢iftgilerinin soya fasulyesini daha fazla tercih
etmeye baglamasiyla soya fasulyesi alanlarinda sorun olan bécekleri tanima firsati olacaktir. .Ve bu
caligsma bolgede ileriki yillarda bu konuda yapilacak olan arastirmalar i¢in de bir temel teskil edecegi

diistintilmektedir.

2. MATERYAL VE METOD

Bu calismanin ana materyali Mardin ili Derik Ilgesinin 3 Mahallesinde (Alagdz, Tepebag,
Basaran) kurulan 1. {irlin soya fasulyesi deneme alanlarindaki ve ¢iftgi tarafindan ekilen

(Besbudakmah. Direkli mezras1) 2. {irlin soya fasulyesindeki zararli bocekler olusturmaktadir.
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Calisma kapsaminda Atrap, Oldiirme sisesi, Eppendorf tiipleri, Feromon tuzaklar
kullanilmistir Bu ¢alisma 2018 yilinda Mardin Ilinin Derik Ilgesinde yapilmustir. Derik Ilgesini temsil
edecek sekilde kuzeyden giineye 3 kirsal mahallede (Alag6z Mah., Tepebag Mah. ve Basaran Mah.)
mayis ayinda 2 ser dekarlik alanlarda Pamuk mibzeriyle siraya ekim yapilarak 1.lirlin soya fasulyesi
ekimi yapilmistir. Ayrica Besbudak Mahallesi Direkli mezrasinda 2. iiriin olarak ekilen soya
fasulyesinde de ¢aligsmalar yiiriitilmiistir.

Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae) tespit igin eseysel feromon tuzaklari
kurulmustur. Geriye kalan g¢ekici bocek atrap yardimi ile yakalanmistir. Ergin 6ncesi donemler ise
bulasik bitkilerle beraber laboratuara getirilmistir. Daha sonra kiiltiire alinarak ergin ¢ikislar

saglanmugtir.

3. ARASTIRMA BULGULARI

Mardin’in Derik ilgesi soya alanlarinda 2018 yilinda sorvey caligmalarinda 13 zararl tiir tespit
edilmis olup bunlarin taninmas1 ve Tiirkiye’deki dagilimlar ile ilgedeki yogunluklan ile ilgili ilgili

verilmistir.
Tur: Aphis gossypii Glover

Taminmasi: Viicularinin uzunlugu 1.2 - 2 mm arasindadir. Kanatsiz olan vivipar disiler ¢ok farkli
renklere sahip olabilirler. Bu renkler bazen yesilken bazen de siyah olabilir. Backlar ise saridan yesile
kadar degisen renklerde olabilir. Antenlerin rengi soluk saridan koyu renklere kadar bir degisiklik
gdsterip antenlerinin uzunlugu viicut uzunlugunun yarisi kadar veya yarisindan daha uzundur. Olmez
Bayhan ve ark. [5].

Kanatl vivipar disilerinde thorax, bas ve pronotum koyu renktedir. Abdomenleri soluk sarimsi
yesil ya da koyu yesildir. Viicut uzunluklart 1.2 ile 1.9 mm arasindadir. Corniculuslar siyah renkte
olup silindiriktir. Cauda’nin rengi yesilin degisik tonlarindadir ve corniculus’un iigte biri kadardir.

Avidov ve Harpaz, [6].

Yayihsi: Tiirkiyede; Diyarbakir, Erzincan, Malatya Olmez Bayhan ve ark. [5]; Olmez Bayhan ve ark.
[7]; Alaserhat [8]; Bayram ve Bayhan [9].

Arastirma Alanindaki Yogunlugu: Orta derecede yaygin olduklar1 goriilmiistiir.

Tur: Spodoptera littoralis (Boisd.)
Tamnmasi: On kanatlar1 Kahverengi-gridir ve kanatlarinin iizerinde karisik sekillerde acik sar1 renkli
cizgiler bulunur. Arka kanatlar beyazdir olup viicutla birlestigi yere yakin kisimlar1 hafiften gridir.

Kanatlar aras1 agiklik 22 ile 45 mm arasindadir. Arka kanatlarinin yan boéliimlerinde koyu renkli ince
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bir ¢izgi bulunmaktadir. Kanatlarinin ug¢ kisimlar beyaz tiyliidiir. Abdomenleri grimsi kahverengi ya

da gridir. Anonim, [10].

Yayihsi: Tiirkiye’de Akdeniz, Ege, Akdeniz ve Giineydogu bolgelerinde bulunmaktadir Anonim [10].

Arastirma Alamindaki Yogunlugu: Cok yaygin olarak goriilmiislerdir.

Tur: Bemisia tabaci Gennadius

Taminmasi: Erginlerinin boyu 1 mm’dir. Gorlintigleri beyaz olmasina ragmen yakindan
bakildiklarinda viicutlarinin agik sar1 renkli oldugu goriiniir. Viicut ve kanatlarinin {izeri beyaz tozlu
goriiniiste bir mum tabakasi ile kaplidir. Antenleri 7 segmentlidir gézler kirmizi renklidir. Kanatlar

dinlenme zamaninda viicudun tizerinde ¢ati goriiniimiindedir. Anonim [10].

Arastirma Alanindaki Yogunlugu: Cok yaygin olarak goriilmiislerdir.

Tur: Dolycoris baccarum L.

Tanmmasi: Erginlerde viicudun uzunlugu 10 ile 12 mm arasindadir. Renkleri kahverengiye yakin gri,
Soluk gri, kahverengimsi sari. Antenlerinin 1. segmentinin kaidesi siyah benekli beyazimsi sar1 ve
antenlerinin 2. segmenti beyazimsi sar1, 3. , 4. ve 5. anten segmentleri ise kaidede beyaza yakin sar1 ve
siyahtir. Scutellum’daki u¢ nokta beyaza yakin sar1 renklidir. Corium genellikle mor iken membran
kahverengindedir. Bacak renkleri sar1 iken tibiauzun ve dik killidir. 3. Tarsus segmenti siyahtir. Awad

[11].

Yayihsi: Tirkiyedeki yayilisi; Antalya, Kahramanmaras, Adana, Afyon, Agri, Isparta, Manisa,
Edirne, Sakarya, Ankara, Artvin, Balikesir Aydin, Bilecik, Zonguldak, Corum, Bolu, Canakkale,
Bursa, Burdur, Denizli, Erzincan, Erzurum, Diyarbakir, Eskisehir, Kastamonu, Gaziantep, Kars,
Kayseri, Mus, Konya, Usak, Mardin, izmir, Nigde, Nevsehir, Mugla, Kocaeli, Tekirdag ve Kirklareli
.Fent ve Aktag [12]. Mardin, Adiyaman, Sirnak, Sanlurfa ve Diyarbakir. Ozgen ve ark. [13]. Giresun,
Sivas Tokat. Dursun ve Fent [14]. Igdir, Istanbul, Kirikkale, Isparta, Samsun, Zonguldak, Kirikkale,
Karaman, Trabzon, Mersin ve Tunceli. Yazici ve ark. [15]. Elazig. Kaplan ve Yiicel [16].

Diinyadaki yayilis; Belgika, Gronland, Sardunya, Ispanya, Finlandiya, Avusturya, Cin, Balear
adalar1, Japonya, Korsika, Rusya, Cek Cumhuriyeti, Danimarka, Suriye, Portekiz, Hindistan, Sicilya,

Hollanda, Irlanda, iran, Isvec, Bulgaristan, Fransa, Italya, Isvigre, Kibris, Kanarya Adalari, Sirbistan,
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Macaristan, Arnavutluk, Girit, Norveg, Giiney Ingiltere, Romanya, Sibirya ve Almanya. Awad [11].

Suriye, Irak, Israil ve Kafkasya. Morari ve Moglan [17].

Arastirma Alamindaki Yogunlugu: Orta derecede yaygin olduklar1 goriilmiistiir.

Tir: Helcostethus strictus F.

Taminmasi: Erginlerde viicudun uzunlugu 8.5 ile 10.5 mm arasindadir. Hakim olan renk yesile ¢alan
gridir. Mevsimlere gore degisiklik gostermekle beraber iizeri siyah noktalidir. Yaz ve bahar aylarinda
cogunlukla acik renklidir ve sonbaharda ise koyu renklidir. (sari-kirmizi). Antenlerinin rengi agik bir

sekilde son iki segmentleri koyu ve siyah bantlidir. Anonim [18].

Yayihisi: Diinyadaki yayilist; Orta Asya, Akdeniz ve ¢evresindeki yerler, Pakistan, Yakin Dogu Asya,
fran ve Sibirya-Avrupa. Ghahari ve ark. [19]. Romanya. Morariu ve Moglan [17]. Kibrs, israil ve
Suriye. Onder ve ark. [20]. Yurdumuzda Corum, Gaziantep, Mardin, Antalya, Adana, Zonguldak,
Hatay ve Edirne. Onder ve ark. [20].

Arastirma Alamindaki Yogunlugu: Orta derecede yaygin olduklar1 goriilmiistiir.
Tur: Piezodorus litturatus F.
Tamnmasi: Iklime gore renk degisikligi gosterebilirler ve yazin yesil iken kisin esmer renge donerler.

Antenleri kirmizimsi veya sarimsi renktedir. Hortumlar1 agik sarimsi renkte olup orta coxalara kadar

uzanir. Viicudun alt kismi ve bacaklar agik sarimsi ya da yesilimsi renkte olabilir. Cakmak [21].

Yayihisi: Diinyada Avrupa Akdeniz iilkeleri Kafkasya iran ve Tiirkistandir. Cakmak [21].

Arastirma Alanindaki Yogunlugu: Orta derecede yaygin olduklar1 goriilmiistiir.

Tur: Agallia harrarensis Melichar

Yayilisi:Irak, Misir,Ermenistan, Fas, Iran, Italya, Fas ve Kanarya Adalar1 gibi iilkelerde yaygindir.
Lodos ve Kalkandelen [22]

Arastirma Alanmindaki Yogunlugu: Orta derecede yaygin olduklar: gériilmiistiir.
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4. SONUCLAR

Calismada Spodoptera littoralis (Lepidoptera: Noctuidae) soya fasulyesi alanlarinda 1. ve
2.iirlin soya fasulyesinin ilk ve orta evrelerinde ana ve en 6nemli zararlis1 olarak saptanmistir. Ayrica
yaprakbiti olarak Aphis gossypii’ye de baz1 yerlerde yogun olarak rastlanilmistir.

Heteracris littoralis (Orthoptera: Acrididae) soya fasulyesi alanlarinda 1. ve 2. iirliinlerde ana
zararli durumunda olup soya fasulyesinin ilk evrelerinden baslayarak orta ve olgunlagma evrelerine
kadar zarar yaptiklari belirlenmistir.

Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) 2.iirlin soya fasulyesinde orantili nemin
ve sicakligin uygun oldugu eyliil ayinda ¢ok yiiksek popiilasyonda olduklari tespit edilmis ve ana
zararl olarak gézlemlenmislerdir.

Aphis gossypii 1. ve 2.lriin soyalarda tali zararli olarak rastlanmustir. Agallia harrensis,
Phlepsius intricatus, Psammotettix striatus, Jassargus obtusivalvis (Hemiptera: Cicadellidae) ve
Dolycoris baccarum, Helcostethus strictus, Carpocaris coreanus, Piezodorus lituratus, Acrosternum
spp. (Hemiptera: Pentatomidae) tirler 1. ve 2. iiriin soya fasulyesi alanlarinda tali zararh
durumundadir.

Bu c¢alismayla tespit edilen bu tiirler Mardin ili Derik ilgesinde soya fasulyesi alanlarinda
bulunan zararlilarin tiirleri ve yogunluklarinin derecesi belirlenmistir. Ayn1 zamanda bolge
ireticilerinin soya fasulyesini daha fazla tercih etmeye baslamasiyla hangi zararlilarla karsilasacagini

dair bilgiler ortaya konulmustur.
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Bu ¢alismada, son yillarda Dogu ve Giineydogu Anadolu bdlgesinin ¢esitli illerinde;
Bing6l, Tunceli, Erzincan, Mus, Bitlis, Diyarbakir, Batman, ve Sanliurfa’da siirii
seklinde belirgin populasyon artigt gosteren Uvarovistia satunini Uvarov, 1934
(Orthoptera) tiiriiniin tespit ve tanilamasi yapilmigtir. Caligma alanimizi; Bingdl,
merkeze bagli olan koyler ve ilcelerdeki kirsal alanlarda bulunan ekili alanlar, bahce ve
bostanlardan olugan 28 lokasyon olusturmustur. Tiriin gregar ozellikte oldugu, siiri
seklinde hareket ettigi ve istila ettikleri tarim arazileri, bahceler, kiiltiir bitkileri, meyve
agaclari ile diger bitkilerde zararli oldugu tespit edilmistir. S6z konusu turtin populasyon
artisinda; iklimsel degisimler, olusan yogun yagislar, kuraklik gibi fiziksel kosullarin
olusmas1 ve predatdr yararli canlt tiirlerinin (kus, bocek vb.) avlanmasi, kimyasal ilag
uygulamalarinin artig géstermesi gibi gerekgeler etken olmustur.

Aragtirma gozlem ve bulgulart ¢ergevesinde, sahada kullanilan insektisitlerin de zararli
olan tiir sayisinin artmasinda etkili oldugu diisiiniilmektedir. {lave olarak, zararli olan bu
tiire kars1 yapilacak zirai miicadele yontemleri donemsel olarak degismekle birlikte, ilgili
tiirlin  yumurta, nimf déneminde kiiltiirel ve biyolojik miicadelede yararli tiirlerin
kullanilmast 6nerilmektedir.

ABSTRACT

In this study, Uvarovistia satunini (Orthoptera), a species with significant population
growth in Bing6l, Tunceli, Erzincan, Mus, Bitlis, Diyarbakir, Batman, and Sanlwurfa is
identified and examined. Our field of study is carried out in 28 regions in Bingdl,
villages and districts, gardens and the rural of cultivated areas. It has been found that this
kind of greedy causes great damage to agricultural lands, gardens, cultivated plants, fruit
trees and other plants that are driven and maintained. Climatic changes in the populations
of these species, the occurrence of heavy rainfall, drought and the number of useful bird
hunters (birds, insects, etc.) emergence of conditions such as the emergence of hunting,
can be shown as the cause of chemical pesticides. The insecticides used in the
framework of the observations and the data obtained are thought to be effective in
increasing the number of pest species. Also, although pest control methods change
periodically against these species, it is recommended to use species useful in cultural and
biological control during the egg and nymph period of the related species..
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1. GIRIS

Bocekler, tiim hayvan tiirlerinin yaklagik olarak %75'ni olusturarak, hayvan gruplari arasinda
en fazla sayida tiire sahip olmalariyla dikkat ¢ekmektedirler. Bilinen bdcek tiir sayisinin bir milyondan
fazla oldugu dogrulansa da olup bazi arastirmacilar bu rakamin 30 milyona ulagabilecegini 6n

gérmektedir. Ote yandan bdceklerin diinya iizerinde 350 milyon yildan beri yasadiklarma iliskin

kayitlar mevcuttur [1].

Pek ¢ok bocek tiriiniin yararli oldugu bilinmektedir. Gerek tarim arazilerinde bitki tiirlerinin
tozlagmasini saglamada gerekse de cesitli ilaglarin yapiminda kullanilmasinda bu yararlarindan
bahsedilmektedir. Yapilan bazi bilimsel ¢aligmalar ve ¢esitli gézlemler de kimi bdcek tiirlerinin ekili
alanlarda zararli oldugu gercegini ortaya koymustur. Toplam tiir sayist ile karsilagtirildiklarinda %1 ‘e
karsilik gelen smirli sayida tiirlin zararli oldugu netlik kazanmistir. Her ne kadar zararl tiir yiizdesi
diistik olsa dahi bu oran, % 12’lik iiriin kayb1 dikkate alindiginda, hi¢ de azzmsanmayacak bir payday1
karsimiza ¢ikarmaktadir. Boylesi sayisal bir veri, bitkisel ve diger tarimsal tiretimde bdcek faunasinin

varliginin dikkate alinmasi agisindan son derece 6nemli ve bir o kadar gereklidir [2].

Canlilar aleminin en kalabalik gruplarinin basinda yer alan bocekler pek ¢ok takima
ayrilmistir. Bu sinif igerisinde birgok takim vardir. Arastirmamiza konu olan spesifik grup Orthoptera
(Diiz kanatli Bécekler) takimi bcek tiirleridir. Ozellikle Orthoptera takimimin bir {iyesi olan Locusts

(Cekirgeler), calisma alanimizin baslica tiir 6rneklerini olusturmaktadir [2].

Turkiye direyi (Latince: Fauna), hayvanlar aleminin Tiirkiye sinirlari igerisinde yasayan
tiyelerinin timiidiir. Birgok farkli hayvan tiiriinii barindirmasi ile dikkat ¢eker. Anadolu'nun Asya ile
Avrupa arasindaki konumu bunda baslica etkendir. Farkli iklim 6zelliklerinde cografi bolgelere sahip
oldugu igcin, bitki ortiisiiniin diger Ortadogu iilkelerine gore daha zengin (850 cins altinda toplanan
9.000 tiir bitki) olmasi ise diger 6nemli etkendir. Bu yiizden, farkli iklim ve besin ihtiyaci olan bircok
hayvan tiirii kendisine uygun yasam alani bulabilmektedir. Bdylece Tiirkiye'de yalnizca Akdeniz
direyinin degil, Orta-Dogu Avrupa, Orta Dogu, Kafkaslar ve Arap Yarimadasi direylerinin de tipik
tiirleri bulunmaktadir. Ayrica Avrupa iilkeleri ile karsilastirildiginda, ¢cok daha fazla memeli tiir
barindirir. Bu da Tiirkiye direyinin ne tipik Avrupa direyine ne de tipik Orta Dogu direyine

siniflandirilabildigini gdsterir [3].

Yapilan taksonomik ¢alisma Ensifera alt takimma bagli olan familyalar i¢inde en ¢ok tiir
barindiran grup o6zelligi gostermektedir. Bu grubun tipik 6zelligi uzunca goriiniimlii antenlerin
varhigiyla bilinmektedir. Ozellikle anten boyu viicudun tamamim agmaktadir. Birgok canliyr konakg1
olarak kullanmakta ve hatta onlarla beslenerek ciddi ekonomik zararlar meydana getirmektedir.
Tettigoniidlerin viicut uzunlugu degiskenlik gostermekle birlikte 5 mm'den 100 mm'yi asan

uzunluklarda tiirlere rastlamak miimkiindiir. Uzunluk ve renksel farkliliklarin tiire 6zgii habitat ve
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beslenmeyle ilintili oldugu tahmin edilmektedir. Tettigoniidlerin teshis ve tamimlanmasinda anten ve
ovopositor sekli, pronotumun morfolojisi, titilator organinin yapisi, kanatlarin renklenmesi gibi égeler

siklikla kullanilmaktadir [3].

2. MATERYAL VE METOD

Tiirler, 2019 Y11 Mayis-Eyliil aylar arasinda toplanmistir. Tiir 6rneklerinin toplanildig: sahalar;
Agaceli, Asag1 Akpmar, Cavuslar, Cicekdere, Cicekyayla, Cukurca, Direkli, Dizyayla, Ekinyolu,
Erentepe, Gokeeli, Senlik, Goltepesi, Gozer, Giirpinar, Ilicalar, Koklii, Kusburnu, Olukpinar Sancak,
Suveren, Yama¢ ve Yenibaglar ile toplamda 24 lokaliteden olusan bahge ve ekili alanlar seklinde
siralanmaktadir. Ornek tiirlerin toplanmasinda atrapdan yararlanilmistir. Bocek tiirlerinin etkisiz hale
getirilip muhafazasi icerisinde %90 etil alkol bulunan siselerde gergeklestirilmistir. Bocek tiiriiniin
teshisi Bei-Bienko and Mistshenko (1951), Ramme (1951), Harz (1975), Demirsoy (1977, 1996),
Salman (1978), Soltani (1978), Giines (1984), Willemse (1984, 1985), Naskrecki and Unal (1995)
tarafindan yapilan tiir-teshisleri ve tiir-tayin anahtarlart goézoniinde bulundurularak tarafimca

yapilmistir. [4, 5, 8, 9].

3. ARASTIRMA BULGULARI

Uvarovistia satunini, Uvarov, 1934

Viicut rengi koyu siyah renkte, pronotum yanlardan baskilanmis, bas kismu kavisli oldukga
giicli bir yapidadir. Eltyra oldukg¢a kiiciiktiir. Viicut uzunlugu 15-20 mm arasinda degisen
blyukliktedir. Turun 6zellikle nimf halinde oldugu 4. ve 5. donemlerde siirii olusturma ve tarimsal
arazilere, uriinlere ve bitkilere ciddi zarar verme durumu tespit edilmistir. Kolaylikla teshis edilen bir
tiir olan Uvarovistia satunini, Uvarov 1934 zararli olan ve hatta biiyiik zararlar meydana getiren bir tur
niteligindedir. Siirli olusturacak populasyonlar1 meydana getiren gerek nimf doneminde gerekse de
ergin donemde tarim arazilerinde zararli olabilmektedir. Daha ¢ok kurak ve sicak iklimlerde yasayan
bir tir olup hemen her sene bolgedeki kirsal alanlarda siiriiler halinde tarim arazilerine saldirmis ve

ciddi ekonomik zararlar meydana getirmistir [3].
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Resim 2. Uvarovistia satunini Uvarov 1934 (llicalar, Agustos, 2019)
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Resim 4. Uvarovistia satunini Uvarov 1934 Géltepesi, Haziran, 2019

73



M. Iigin ve Ark. / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 8 (3) (2019) 69-76

Resim 5. Uvarovistia satunini Uvarov 1934 (Goltepesi, Haziran, 2019)

Resim 6. Uvarovistia satunini Uvarov 1934 (Laboratuar, Eyliil, 2019)
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4. SONUCLAR

Aragtirmamiz siirecinde Orthoptera takimina ait Uvarovistia satunini Uvarov 1934 tiiriiniin
zararl oldugu belirlenmis olup Tettigonidae familyasina ait tiirlerin de ayrica zararh tdrler icerdikleri
tespit edilmistir. Uvarovistia satunini, Uvarov, 1934 (Orthoptera:Tettigoniidae) tiirli polifag beslenme
bicimine sahip, son derece giiclii bir bas ve agiz yapis1 olan, pek ¢ok bitkiye zarar verebilmektedir.
Kimyasal pestisitlere de belli oranda direng gosterdigi bilinmektedir. Siirii olusturma ve istila etme

ozellikleri sebebiyle diger tiirlerden kolaylikla ayrilmaktadirlar [6,7].

Ozellikle iklimsel degisimler kuraklik ve yagis rejiminin farklilasmasiyla birlikte insektisitlerin
kullanimin yayginlagsmasi zararli olan bu tiirler {izerinde ciddi populasyon artiglarina neden olmustur.
Iklimsel degisimler iginde sicaklik ve nem oranmin giderek artip azalmasi, buna bagh olarak belli
yillarda kurakligin meydan gelmesi bu durumun olusmasinda en belirleyici unsurlar arasindadir.
Zararl olan bu tiirle zirai miicadelede kiiltiirel, fiziksel-mekanik ve 6zellikle biyolojik micadelenin

etkin kullanimi ile etkin sonuglarin elde edilebilecegi ongoriilmektedir.
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Makale Tarihi Yiizeysel ve yeraltt sularinda, en yaygin goriilen kirletici nitrat olup baslica
Alms:5.12.2019 kaynaklari azotlu giibreler ve ileri aritim yapilmamis atiksulardir. Sebep
Revize:27.12.2019 oldugu saglik sorunlari1 nedeniyle etkili giderim yontemlerinin arastirilmast
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Online Yayinlama:31.12.2019 olarak iki ana gruba ayrilmaktadir. Biyolojik yontemler, konsantre

olugturmamasi, pahali katalizorlere ihtiyag duymamasi ve hizli reaksiyon

Anghtar Kelimeler kinetikleri gibi nedenlerden dolayr tercih edilmektedir. Biyolojik

Nitrat giderimi, Biyolojik yontemlerde bir elektron verici varliginda nitratin indirgenmesi gergeklesir
Yontemler, Heterotrofik ve elektron kaynagmm organik ya da inorganik olmasina gore siireg
denitrifikasyon, Ototrofik ototrofik ya da heterotrofik olarak isimlendirilir. Her iki prosesin tek
denitrifikasyon baglarina kullanilmalari durumunda dezavantajlari vardir. Ancak birlikte

kullanildiklar1 durumlarda bu dezavantajlar elimine edilebilir ve daha etkin
nitrat giderimi saglanabilir. Bu c¢alismada, bu kapsamda, biyolojik
yontemlerin kullanildigr tekli ve coklu reaktor sistemleri arastirilmis ve
avantaj - dezavantajlari ile degerlendirilmistir.

ARTICLE INFO ABSTRACT

Nitrate is the most common pollutant in surface and groundwater and its

Avrticle Histor: . . - . .
y main sources are nitrogenous fertilizers and wastewater discharges without

Received: 5.12.2019 advance treatment. Because of the health problems caused, effective
Revised: 27.12.2019 removal methods should be investigated. Nitrate remediation methods are
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1. GIRIS

Nitrat, kimyada ii¢ oksijen atomundan olusan bir nitrik asit tuzu iyonudur. Nitrat kirliligi
iilkemizde her bolgede yiizeysel ve yeralt1 sularinda gozlenmekte olup en dnemli kaynaklari (1) tarim
arazilerinin kontrolsiiz giibrelenmesi, (2) bitkisel ve hayvansal atiklarin i¢erdigi protein ayrigsmasi
sonucunda olusan amonyagin oksitlenmesi, (3) evsel ve endiistriyel atik sularin aritilmadan desar;j
edilmesi, olarak sayilabilir [1]. Ugar ve arkadaslar1 tarafindan yapilan giincel bir ¢alismada nitrat
konsantrasyonunun Harran Ovasi’nda bulunan bazi kuyularda 83,2 mg NO3z-N/L degerine kadar
ciktig1 tespit edilmistir [2]. Tiim Harran Ovasi’nda ise ortalama nitrat konsantrasyonu 20 mg NOj-
N/L’dir. Ulkemizin diger bolgelerinde de yeralti sularinda nitrat varhg giincel galigmalarda
gosterilmistir [3,4]. Bircok sehirde ileri atiksu aritimi yapilmadigindan yeralti sularinda amonyum ve
nitrat azotu olusumu kirlilige neden olmaktadir. Son yillarda nitrat giderimi i¢in biyolojik yontemler
ve membran biyoreaktor uygulamalar popiilerlik kazanmaktadir. Bu calismada ise biyolojik

yontemlerde kullanilan reaktorler ve bu reaktorlerden olusturulan gesitli konfigiirasyonlar derlenmistir.

2. NITRATIN SAGLIGA ETKILERI

Yiizeysel ve yeralti sularinda nitrat en ¢ok karsilagilan kirleticilerden biri olup, en énemli nitrat
kaynaklari tarimsal giibre kullanimi ve niitrient giderimi yapilmadan desarj edilen evsel ve endiistriyel
atiksulardir. igme sularmin nitrat ile kirlenmesi, halk saghg acisindan énemli bir unsurdur. Nitrat
kandaki methemoglobin (hemoglobin [Fe®*] yerine nitrat nedeni ile yiikseltgenmis methemoglobin
[Fe**]) seviyesinin normalin iistinde olmastyla karakterize edilen ve methemoglobinemi olarak bilinen
bir hastaliga sebep olur [5]. Methemoglobin nitrat varliginda olusur ve hemoglobinin +3 degerlikli

demir iceren versiyonudur (Reaksiyon 1). Bu nedenle oksijen tasima kapasitesi daha azdir.

Hemoglobin (Fe**) + NO3” — Methemoglobin (Fe**) (1)

Bu siire¢ dokulara daha az oksijen tasinimi ile sonuglanir. Bebekler bu durumdan daha fazla
etkilenir ve oksijensizlikten morarmig bir cilt rengine biiriiniirler. Bu durum mavi bebek hastalig:
olarak bilinir. Yeni dogan déneminde meydana gelen methemoglobinemilerde 6liim oraninin %8-10
oldugu tahmin edilmektedir. Yetiskinlerde ise siirekli olarak yiiksek oranda nitrat igeren sulart igmek

6liime yol agabilir. Ayrica, nitrosaminler ve nitratin metabolitleri kanserojen olabilmektedir [6].

3. YASAL DUZENLEMELER

Nitrat ve nitrit sebep oldugu bu saglik sorunlart nedeni ile igme suyu kaynaklarinda bir
standarda baglanmistir. Diinya’da ve lilkemizde igme sularinda bulunabilecek nitrat ve nitrit limit

degerleri asagida Tablo 1’de verilmistir.
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Tablo I. Nitrit ve nitrat limit degerleri [1]

Nitrit (mg/L) | Nitrat (mg/L)

USA 3.28 44.43
EEC(1998) 0.5 50
WHO(2003) 3 50
Pakistan - 45
Avustralya 0.01 45
Fas 0.1 50
Arjantin 0.1 45

Kore - 44.43
Malezya 0.005 45
Kanada 3.2 45

Kondo - -

Etiyopya 3 50
IBWA 1 10

Tirkiye’de referans olarak alman TS266 Igme-Kullanma sular1 yonetmeligine gore Nitrit ve

Nitrat i¢in limit degerleri sirasiyla 0.50 ve 50 mg/L olarak belirlenmistir [8].

4. NITRAT GIDERIM YONTEMLERI

Nitrat giderim teknolojileri genel olarak nitratin sudan ayrildig1 sistemler ve nitratin nihai olarak
giderildigi sistemler olarak iki grupta incelenebilir. Ayrim sistemleri adsorpsiyon, iyon degisimi ya da
membran uygulamalar1 olarak siralanabilirken, giderim sistemleri kimyasal, elektrokimyasal ve
biyolojik indirgeme olarak siralanmaktadir. Ayrim sistemleri ilgilenilmesi gereken ikincil bir kirlilik

olustururken giderim yontemlerinde nitrat nihai olarak azot gazina (N,) donustiirtiliir.

Ters ozmos, iyon degistirme, distilasyon ve elektrodiyaliz igme suyunda nitrat aritimi igin
kullanilan fizikokimyasal yontemler arasinda yer almaktadir [9]. Bu yontemlerin en 6nemli
dezavantajlar1 yiiksek isletme ve bakim maliyetleri, diigiikk secicilik o6zellikleri ve tuzlu atiksu
tiretimidir. Ayrica, bu teknolojiler hem pahali hem de yerinde (in-situ) aritim i¢in uygun yontemler

degildir. Bu nedenle, son yillarda biyolojik giderim yontemleri tercih edilmeye baglanilmistir.
4.1. Biyolojik Yontemler

Biyolojik giderim i¢in aktif karbon, iyon degisimi, membran degisimi, kimyasal indirgeme,
elektrokimyasal indirgeme ve biyolojik indirgeme yodntemleri kullanilabilmektedir. Biyolojik
indirgeme en yaygin olarak kullanilan yontemdir. Biyolojik indirgeme siire¢lerinde kullanilan karbon

kaynagina gore sistem ototrofik ya da hetetrofik olarak ikiye ayrilir [2].

Heterotrofik denitrifikasyonda etanol, asetat, laktat, propiyonat, sitrat, siksinat ve metanol gibi
organik maddeler karbon ve elektron kaynagi olarak kullanilabilir. Fakat nitrat ve organik maddenin
tamamen giderilebilmesi i¢in gerekli organik madde miktarini belirlemek son derece zordur. Organik

madde stokiyometrik olarak gerekli degerden daha az eklenirse, ¢ikis suyunda nitrit birikimi
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gozlenebilir. Organik maddenin fazla eklenmesi durumunda ise, ¢ikis suyunda organik madde
gozlenebilir. Bu durum su dagitim sebekesinde mikroorganik biiylimeye ve klor ile dezenfeksiyon

yapiliyor ise dezenfeksiyon yan iirlinleri olusumuna sebep olabilir.

Heterotrofik denitrifikasyon, yeterli miktarda organik karbon saglanabilirse oldukga etkili bir
yontemdir. Bununla birlikte yeralti sularinda organik karbon miktar1 yetersizdir. Bu da disaridan
karbon kaynagi eklenmedigi siirece heterotrofik denitrifikasyonun kullanimini sinirlar. Ototrofikte
olusacak asit bir dezavantaj iken heterotrofik siirecte olusan alkalinite ile dengelenebilir. Heterotrofik
denitrifikasyonda harici organik madde ilavesine (metanol gibi pahali kimyasallar) ihtiya¢ duyulmas,

ototrofik denitrifikasyonun hedeflendigi ¢alismalarin artmasina neden olmustur.

Ototrofik denitrifikasyon, heterotrofik denitrifikasyona kiyasla klorlu organiklerin olusma
ihtimalinin azalmasi, diisiik maliyetleri ve diisitk mikroorganik biiylime gibi avantajlara sahiptir. Bu

amagcla hidrojen, demir, kiikiirt ve elementel siilfiir en yaygin kullanilan elektron vericilerdir [3].

Her iki kirleticinin biyolojik indirgeme yoluyla es zamanli giderimi; yiiksek reaksiyon hizi,
pahali katalizérlere ya da kimyasallara ihtiyag duymamasi ve teknolojisinin iyi bilinmesi gibi

nedenlerle olduk¢a avantajlidir.

Son yillarda miksotrofik sistemler (nitratin bir kisminin organik bir diger kisminin ise inorganik
elektron kaynaklar1 ile indirgendigi) giderek popiilerlik kazanmistir. Bu sistemlerde ototrofik ve
heterotrofik indirgeme siireglerinin dezavantajlar1 azaltilirken, avantajli yonleri ortaya ¢ikarilmaktadir.
Bu amagla tek reaktorlii sistemler (her iki prosesin de ayn1 reaktérde gerceklestigi sistemler) ve coklu
reaktor sistemleri (heterotrofik—ototrofik sirali sistemleri) gelistirilmistir. Bu sistemler kolon reaktorler
ve membran biyoreaktdrler basta olmak lizere ¢esitli konfigiirasyonlarda calisilmaktadir. Bu ¢calismada

ise bu konfigiirasyonlar derlenerek performans ve giderim verimleri a¢isindan kiyaslanmislardir.

4.1.1. Denitrifikasyonda Sirah islemler

Sirali denitrifikasyon sistemlerinde heterotrofik ve ototrofik prosesler sirali olarak igletilir. Bir
prosesten ¢ikan aritilmis su diger bir proseste tekrar iglenir. Genel olarak denitrifikasyon siirelerinde
heterotrofik — ototrofik olarak sirali baglanirlar ve heterotrofik siiregten ¢ikan su ototrofik siirecte
tekrar iglenir. Bu sayede heterotrofik reaktdrde giderilemeyen nitrat ototrofik reaktorde giderilir.
Sistemin bir dizi avantaji vardir. Oncelikle sistemde iiretilecek alkalinite ihtiyaci heterotrofik reaktérde
dretilir ve takip eden ototrofik reaktérde kullanilir. Bu sayede sistemin alkalinite ihtiyaci elimine
edilir. Ikincil bir avantaj olarak heterotrofik reaktérde kullanilmayan organik maddeler ototrofik
reaktorde kullanilir ve bir filtre gorevi goriiliir. Sistemin ¢amur yonetimi de sirali sistemde daha kolay

olup heterotrofik reaktér bu sayede daha diisiik camur yaslarinda isletilir.
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Yukar1 akislt kolon reaktorler sirali sistem ¢aligmalarinda kullanilmaktadir. Ugar ve arkadaglar
yaptiklar1 ¢aligmada heterotrofik ve ototrofik reaktorleri sirali olarak baglayarak es zamanlh
denitrifikasyon ve perklorat giderimi ¢aligmiglardir. Caligmada sistem i¢in 0.6-1.2 g NO3-N/(L.d)’lik
yiikleme oranlarinda HRT 2 saatte denitrifikasyon gergeklestirilmis olup heterotrofik reaktdre ait
maksimum denitrifikasyon oran1 2.4 g NO;z-N/(L.d) olarak bulunmustur. Ototrofik reaktorde ise
maksimum denitrifikasyon orani 0.86 g NO3-N/(L.d) olarak bulunus olup sistem 100 giinliik siire
boyunca basarili bir sekilde isletilmistir [4].

Ayni sistemle yapilan gercek yeralt1 suyundan nitrat giderimi yapilan bir diger ¢caligmada ise
83 mg NO3-N/L yeralt1 suyu nitrat seviyesi sirali sistem ile giderilmistir. Calismada C/N orami 2.44
olarak belirlenmis ve 83 mg NO3-N/L konsantrasyonunda nitrat heterotrofik ve ototrofik sistemde
sirast ile 19 = 3.7 mg NO3-N/L (yaklasik %75°1) ve <0.5 mg NO3-N/L seviyesine indirgenmistir [5].

4.1.2. Membran Biyoreaktorler

Denitrifikasyon i¢cin membran proses uygulamalari son yillarda giderek popiilerlik
kazanmaktadir[6-9]. Gerek atiksularin gerekse igme sularinin aritiminda dogrudan ve biyoreaktor
uygulamalar1 ile membran kullanimlar1 yaygilasmaktadir. I¢me sularindan nitrat gideriminde
membran biyoreaktdér uygulamalari iizerine literatiirde g¢esitli calismalar bulunmaktadir. Bu

caligmalarda nitrat ototrofik ve heterotrofik olarak indirgenmektedir.

Membran biyoreaktor uygulamalarinin bir avantaji ise daha temiz ¢ikis suyu eldesidir.
Mikroorganizmalardan kaynaklanan gesitli mikrobiyal iiriinler membran tarafindan filtre edilir ve ¢ikis

KOI konsantrasyonu bu sayede kolon reaktdrlere gore daha diisiik bulunabilir.

Yapilan bir calismada membran biyoreaktorde kiikiirt bazli denitrifikasyon ¢aligilmigtir. Kiikiirt
bazli denitrifikasyonda membran uygulanmasi graniiller kiikiirt yerine toz kiikiirt kullanimina olanak
tanimaktadir. Bu sayede daha yiiksek ylizey alanina sahip kiikiirt sistemde kullanilabilir. Sahinkaya ve
arkadaglar1 yaptiklar1 ¢aligmada toz kiikiirt ile membran biyoreaktorde ototrofik denitrifikasyon
calismuslar ve 5 saatlik bekletme siirelerinde 25-50 mg NOj3-N/L basarili bir sekilde giderilmistir
(giderim oram1 0.24 g mg NO;3-N/(L.d) olarak bulunmustur). Membran isletimim AKI’nin <20

L/(m?.h) oldugu dénemde sorunsuz gergeklesmistir [7].

Benzer bir reaktére metanol verilmesi ile C/N oram1 1.33 olacak sekilde sistem
miksotrofiklestirilmis ve bu sayede Cr (V1) ile 50 mg NO3™-N giderimi ¢alisilmistir. Sistemde yaklagik
%54’lik bir oranda nitrat heterotrofik olarak ve geri kalan %56’lik kisim ise ototrofik olarak
giderilmistir. Heterotrofik olarak giderilen kisim sayesinde ¢ikis ortalama siilfat konsantrasyonlar1 200
mg/L seviyesinin altinda tutulmustur. Membran biyoreaktor ise 200 giin boyunca isletilmis ve haftalik

fiziksel temizlik ile 15 L/(m?.h)’da sorunsuz bir isletim siireci gerceklestirilmistir [6].
81



A. Yiicel ve Ark. / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 8 (3) (2019) 77-83

4.1.3. Kolon Reaktorler

Kolon reaktorler bir dolgu malzeme ile doldurulmus ve silindirik kolon seklinde reaktorlerdir.
Su akis1 yukan akigh ya da asagi akish olarak saglanmaktadir. Denitrifikasyon siireclerinde kolon
reaktorler dolgu malzemesi olarak kiikiirtiin kullanilmas1 gibi avantaja sahiptir. Kiikiirt ile
doldurulmus reaktorlerde su akist boyunca yikseltgenme ve indirgenme reaksiyonu
saglanmaktadir[10,11]. Kolon reaktorler ile HRT 2 saate kadar basarili denitrifikasyon g¢aligmalari
yapilmistir. Yukar1 akigh ototrofik kolon reaktorlerde 300 mg/(L.giin) oraninda denitrifikasyon 500
ml’lik yatak hacmine sahip kolon reaktorde bildirilmistir[10]. Kiikiirt bazli denitrifikasyonda ortaya
¢ikan alkalinite ihtiyacinin ortadan kaldirilmasi i¢in kolon reaktdrlerde kiikiirt ile kireg tasi da sistem
dolgu malzemesi olarak kullanilmaktadir. Yapilan ¢alismalar en iyi kireg tagi/kiikiirt oranin1 1/3 olarak
vermektedir [14].

5. SONUCLAR

Yeralt1 sularinda karsilagilan en yaygin kirletici olmasi, nitrat giderim yontemleri iizerine
caligmalarin yogun olarak calisilmasina sebep olmustur. Giiniimiizde biyolojik denitrifikasyon pahali
kimyasallara ihtiyag duymamasi, kimyasal ve elektrokimyasal indirgemeye gore daha hizli olmasi ve
ilgilenilmesi gereken ikincil bir kirlilik yaratmamasi nedenleri ile tercih edilmektedir. Biyolojik olarak
nitrat indirgemede kullanilan karbon kaynagina gore siireglerin avantaj ve dezavantajlari ortaya

¢ikmaktadir. Ortaya ¢ikan dezavantajlar ise dogru reaktor konfigiirasyonlart ile ¢oziilmektedir.
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