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DETERMINATION OF LARGE MAMMALS IN
THE TRABZON HIDIRNEBI PLATEAU
ECOTOURISM AREA, TURKIYE!

Beste CELIKCI?
Alptug SARI3

1. INTRODUCTION

Tuarkiye is one of the richest countries in terms of
biological diversity among the countries in the semi-temperate
zone due to its geographical conditions, following the equatorial
belt countries in the world (Sar1 and Arpacik, 2020; Sar1, 2020).
It is extremely important to manage nature and wildlife resources
sustainably in order to transfer them to future generations. One of
the natural areas that stand out with the increasing popularity of
nature tourism is ecotourism areas that raise awareness about
wildlife in society. To date, more than 90 ecotourism areas have
been established in Tirkiye and opened to visitors. Although the
number of ecotourism areas that reflect the rich biological
diversity of Tlrkiye and offer the opportunity to watch wild
animals in their natural habitats is increasing day by day,
scientific studies on many wild animals and important habitats
that are distributed in these areas are not at a sufficient level.

L This study was produced from the Undergraduate Student Project numbered FLO-
2023-10935 supported by the Scientific Research Projects Coordination Unit
of Karadeniz Technical University (KTU).

2 Undergraduate, KTU, Faculty of Forestry, Department of Wildlife Ecology and
Management, bestcelikci@gmail.com, ORCID: 0009-0002-5254-669X.

3 Assoc. Prof. Dr., KTU, Faculty of Forestry, Department of Wildlife Ecology and
Management, alptugsari@ktu.edu.tr, ORCID: 0000-0001-8003-5825.
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Turkiye has a rich species diversity due to its climate and
topographical features (Sar1 et al., 2022). The world is divided
into 6 zoogeographic regions according to the distribution and
diversity of mammals. Approximately 475 mammal species live
in the Palaeoearctic region, which includes Turkiye (Ak, 2017).
In Turkiye, according to the National Biodiversity Database, 175
mammal taxa have been recorded to date (TOB, 2024a). The
Eastern Black Sea Region hosts many different habitats for 95
mammal taxa identified to date (TOB, 2024b). Trabzon province,
where the study area is located, is home to 50 mammal taxa (TOB,
2024c). However, the number of studies conducted in the Eastern
Black Sea and Trabzon is still insufficient. Baskaya (1997)
investigated the status of predatory mammals in the Eastern Black
Sea Region. Baskaya et al. (2008) conducted a study on some
important large mammal wild animals in Northeastern Anatolia.
Giindogdu et al. (2015) conducted a study on the census of large
mammal wild animals in Turkiye. Giindogdu et al. (2017)
conducted a study on the large predators of Uzungdl Special
Environmental Protection Area. A scientific study on large
mammal wild animals in Hidirnebi Plateau Ecotourism Area, the
first and only ecotourism area of Trabzon province, has not been
conducted so far.

Turkiye has a very important position especially for
Europe due to its high richness of large mammal species
(Morrison et al., 2007). Turkiye, which is a bridge between Asia,
Africa and Europe and hosts species from these three continents,
is also a very important country in terms of large predatory
mammals (Baskaya, 2018). Large mammal species are
recognized as an essential and important part of the ecosystems
they inhabit (Morrison et al., 2007; Soyumert, 2010). It is known
that information on large mammals in Tlrkiye is limited.
Therefore, it is necessary to collect appropriate data and use
widely applicable and reliable field methods for wildlife
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conservation and management (Can and Togan, 2009; Karahan,
2018). Large mammal species, which are considered key species
in many terrestrial ecosystems, are an important factor in shaping
species diversity (Sinclair, 2003). For this reason, the ecological
characteristics of large mammal species in that area should be
known in order to effectively evaluate a studied region
(Soyumert, 2010).

Large mammal species are a group of organisms that are
very difficult to study by direct methods due to their hiding
behavior and low population size. For this reason, indirect
methods are frequently used in studies on this living group
(Soyumert, 2010). Indirect methods are carried out by detecting
trace-signs that will prove the presence of the creature without
seeing or capturing the creature directly. In indirect methods, only
signs such as footprints, feces, hairs, nests, etc. left by the animal
in its environment during its daily movements can be used (Long
et al., 2008). Another indirect method used in the study of large
mammal species is the camera trap method, which does not
harm wildlife and does not disturb living creatures (Soyumert,
2010). By nature, animals exhibit timid behavior and tend to
hide and run away from humans. Most of the large mammal
species that are the subject of research also have a nocturnal
feeding behavior. Although these species are sometimes active
during the day, especially in winter, they start to search for their
prey after dark and this hunting process continues until dawn.
Therefore, technological devices such as camera traps should be
widely used in these studies (Giindogdu et al., 2017). In
addition, the camera trap method is a method that makes
important contributions to wildlife management studies as it
allows the evaluation of protected areas in terms of large
mammal species (Rayan and Mohamad, 2009).

Ecotourism is one of the types of tourism that prioritizes
visiting, protecting and transferring natural areas to future
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generations. Turkiye has a wide variety of ecotourism resources.
The Eastern Black Sea Region is one of the geographies with the
most natural resources and has become the center of attention of
tourists in recent years for many reasons such as virgin natural
habitats, highland culture, and the vastness of green areas (Kaya
and Yildirim, 2020). Although there are many studies on
ecotourism in Turkiye, these studies are generally focused on area
assessment and potential ecotourism activities. With the studies
initiated by the General Directorate of Forestry in 2017 for the
first time in order for citizens to benefit more from nature, 90
ecotourism areas have been brought to the tourism of Tlrkiye so
far, contributing 1 billion TL annually to rural development and
the national economy (OGM, 2023). Approximately 4 million
people have visited the 90 ecotourism areas created so far (URL-
1, 2024). By the end of 2028, a total of 200 ecotourism areas will
be established and put into service (OGM, 2023). Although
ecotourism areas in TUrkiye are increasing day by day, there is
not enough scientific monitoring and data on wildlife in these
areas. In this study, large mammal wild animal species distributed
in Hidirnebi Plateau Ecotourism Area within the borders of
Akcaabat district of Trabzon province were investigated.

The interest in tourism activities related to wildlife is
increasing day by day. Benefiting from the wildlife elements of a
region depends on the recognition, protection and regulation of
these elements (Gmk@glu and Mol, 1996). Wildlife watching
is a type of ecotourism that takes into account the ecological
values of the species and natural beauties in an area (Orhan and
Karahan, 2010). The Eastern Black Sea Region is a prominent
tourism region for wildlife watching, especially in terms of
natural beauties (Kaya and Yildirim, 2020). Hidirnebi Plateau
Ecotourism Area also has the potential to realize wildlife-based
tourism activities such as wildlife watching, wildlife
photography, nature walks. For this reason, it is necessary to
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identify the wild animal species using the area in order to plan the
management studies to be carried out in and around the
ecotourism area by taking wildlife into consideration. In many
countries, there are very few comprehensive field guides for
mammals and the existing introductory books usually include
large-sized species. In recent years, the prevalence and scope of
mammal watching has increased dramatically around the world.
People are beginning to realize that experiencing different and
challenging adventures to see wild mammals can be as rewarding
and enjoyable as birdwatching (Vladimir and Jon, 2018).

The aim of this study is to determine the species of large
mammal wild animals distributed in Hidirnebi Plateau
Ecotourism Area in Trabzon province, to contribute to the
forestry activities to be implemented in the area on wildlife
management and to raise awareness in wildlife-based tourism
activities in the area. At the same time, it is aimed to ensure
continuity by considering all aspects of the resources in the
sustainable management of nature and wildlife resources. It is
aimed that the scientific data obtained at the end of the study will
contribute to the wildlife management studies to be carried out in
Hidirnebi Plateau Ecotourism Area and set an example for all
established and planned ecotourism areas throughout Turkiye.

2. METHOD
2.1.Material

The surveys were conducted between July 13, 2023 and
May 13, 2024. In addition to the materials requested within the
scope of the project, five Bushnell and Juo branded camera traps,
two Vortex and Leica branded 10x42 binoculars and digital
cameras were used to collect remote information during field
observations. In order to identify the species of the mammals
recorded during the field studies, Turan (1984) "Turkiye's Game
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and Wild Animals/Mammals" and Demirsoy (1996) "Turkiye's
Vertebrates Mammals" were used. The appearance, behavior and
all other information (photographs, footprints, feces, hairs, nests,
time of presence in the field, etc.) of the species that were difficult
to identify were recorded in detail and then evaluated and
clarified.

After determining the paths that mammal species can
frequently use in the ecotourism area, 5 camera traps were set up
in the field within the knowledge of the staff of the institution in
a way that would not harm nature and wildlife. Photographic and
video images of mammals were tried to be obtained with camera
traps. Camera traps are capable of taking infrared photos and
videos. For recording the data obtained, 10 memory cards of
different sizes were used according to the capacities of the
devices. Although the energy needs of the camera traps vary
according to the model, they are generally provided with
approximately 500 batteries of different sizes. While placing the
camera traps in the areas deemed suitable, they were fixed to a
selected tree or shrub trunk at an appropriate height and without
damaging it, using galvanized thin iron wire and pliers. A small
wooden board was used to cut all kinds of grass, branches and
leaves at a distance of up to 10 meters, which may prevent
continuous shooting during the operation of the devices and cause
battery life to decrease.

2.2. Description the Study Area

Hidirnebi, one of the most well-known plateaus of the
province where the research area is located, is approximately 44
kilometers away from Trabzon and 1,742 meters above sea level
(Tas, 2012). Hidirnebi plateau has recently gained a touristic area
certificate and has become a center of intense interest for both the
Black Sea Region and other people of Tirkiye (Saroglu et al.
2021). Hidirnebi Plateau, which reaches the highest number of
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visitors after Uzungol in terms of nature tourism in Trabzon
province, is one of the most important areas in terms of tourism
in our region (URL-2, 2024). Due to the development of tourism
around Hidirnebi Plateau, the region has become a popular
destination for local and foreign tourists. In the vicinity of
Hidirnebi Plateau where intensive forestry activities are carried
out; "Hidirnebi Plateau Ecotourism Area" was put into the service
of nature lovers within the scope of ecotourism activities by the
General Directorate of Forestry in order to create a sustainable
tourism infrastructure, protect the environment and ensure that
local people earn income from tourism. The most important
component of the ecotourism area is the hiking trail. The main
route of the trail is the Hidirnebi old rock road, which was built
by OGM using manpower in the 1950s. The rock road, which
has an average altitude of 1,220 meters, has deteriorated over
time and lost its effectiveness. The road, which has been made
usable without disturbing its natural structure, is 4 meters wide
and 3,400 meters long (OGM, 2021).

Hidirnebi Plateau Ecotourism Area, which is the research
area, is within the borders of Kurugam Neighborhood of
Akgaabat district of Trabzon province. It is located 40 km from
the center of Trabzon, 29 km from Akgaabat district center and
approximately 25 km from the coast (URL-3, 2024). Hidirnebi
Plateau Ecotourism Area is within the responsibility area of
Trabzon Regional Directorate of Forestry Trabzon Forest
Management Directorate Akcaabat Forest Management Chief.
The hiking trail starts from the southern entrance of
Hidirnebi Plateau and continues until the northern entrance and
its length is 6.5 km (OGM, 2024a). An application prepared by
OGM was used for the representation of the research area on the
map (OGM, 2024b). Field studies were carried out on the
walking path (Figure 1) and the paths connected to this path
within the Hidirnebi Plateau
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Ecotourism Area. The necessary permits to conduct research in
the ecotourism area were obtained from the General Directorate
of Nature Conservation and National Parks and Trabzon Branch
Directorate.

Figure 1. Study Area

Source: (OGM, 2024b)
2.3. Carrying out Field Observations

In this study, which was completed in a total period of 10
months, direct observation and indirect observation
(species identifying features such as camera-traps, footprints,
feces, hair) methods were used. Observations were made using
the camera traps, binoculars, cameras and the materials
(camera traps) provided within the scope of the project.
Mammal species were observed directly with binoculars or
cameras and video images were taken with camera traps.
Direct observations were carried out by a team of two people at
a point or along a line. The whole area was surveyed by two
people along a transect at 20-50 meter intervals, depending on
seasonal conditions. Traces and signs of tracks, feces,
scratching, scraping, urine and food remains were also
recorded throughout the study for indirect observations.
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The observations were planned in liaison with the forest
management directorate officials and carried out with a total of
10 field studies periodically every month in the ecotourism area
by the researcher and the researcher together according to the
climatic conditions (Figure 2).

Figure 2. Views from the field studies carried out in the study area

2.4. Installation of Camera Traps in the Study Area

Following the field survey, to maximize capture
probabilities over a wide area, camera traps were placed along
mammal tracks on the tops of ridges and in deep valleys and
riverine ecosystems, and at randomly selected trail sites
according to the method described by Karanth (1995) and York
et al. (2001). In the Hidirnebi Plateau Ecotourism Area, which is
the subject of the study, a field observation was made every
month during the study period and the camera traps were also
checked.

As a result of the field studies, 5 camera traps were
installed on the paths that were determined to be used
intensively by mammals (Figure 3) and large mammal species
in the area were recorded. The camera traps were kept in the
study area for about 9 months during the study period and
were monitored regularly every month.
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Figure 3. Camera traps installations during field studies

2.5. Identification of Large Mammal Species

Mammal species in the study area were monitored and
recorded by direct observations and camera traps. With the
camera traps, the presence of mammals in the area and the
behavior of mammal species in the field were also monitored.
With the findings obtained, tables of the mammalian wildlife
species using the Hidirnebi Plateau Ecotourism Area and its
surroundings were created (Table 1).

3. RESULTS

A total of 10 field studies were conducted in Hidirnebi
Plateau Ecotourism Area during the research period (July 13,
2023 - May 13, 2024). As a result of the observations, 17 large
mammal species belonging to 9 families were identified.
These species are Grey Wolf (Canis lupus), Golden

10
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Jackal (Canis aureus), Red Fox (Vulpes vulpes), Brown Bear
(Ursus arctos), Eurasian Lynx (Lynx lynx), Europan Wildcat
(Felis silvestris), European Roe Deer (Capreolus capreolus),
Wild Boar (Sus scrofa), Eurasian Badger (Meles meles), Beech
Marten (Martes foina), Pine Marten (Martes martes), Least
Weasel (Mustela nivalis), Stoat (Mustela erminea), European
Hare (Lepus europaeus), Caucasian Squirrel (Sciurus anomalus),
Eurasian Red Squirrel (Sciurus vulgaris) and Southern White-
breasted Hedgehog (Erinaceus concolor). The distribution of the
17 large mammal species recorded in the study area during the
study period according to families is given in Table 1.

According to the criteria set by the International Union for
Conservation of Nature (IUCN; iucn.org), 17 species occurring in
the study area were found to be at low risk of extinction (LC)
(IUCN, 2024).

According to the Bern Convention for the Conservation of
European Wildlife and Natural Habitats (coe. int/en/web/bern-
convention), 2 species identified in the research area, namely
Caucasian Squirrel and Europan Wildcat, are under strict
protection (KKA); 2 species, namely Grey Wolf and Brown Bear,
cannot be taken under strict protection (KKA/TR), to which
Turkiye has objected; 9 species, including European Hare,
Eurasian Red Squirrel, Least Weasel, Stoat, Pine Marten, Beech
Marten, Eurasian Badger, Eurasian Lynx and European Roe Deer,
are under protection (KA); and 4 species, including Southern
White-breasted Hedgehog, Golden Jackal, Red Fox and Wild
Boar, have no status (BERN, 2024).

According to the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES; cites.org),
4 species identified in the research area, namely Grey Wolf,
Brown Bear, Europan Wildcat and Eurasian Lynx, are classified

11
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as Appendix 2, and the other species are not classified (CITES,
2023).

According to the Ministry of Agriculture and Forestry, 10
species, including European Hare, Grey Wolf, Golden Jackal,
Red Fox, Brown Bear, Least Weasel, Beech Marten, Eurasian
Badger, Wild Boar and European Roe Deer, are game animals
(AH) and no status is given for the other species (T.C. Resmi
Gazete, 2022).

According to the Decision of the Central Hunting
Commission (MAKK), 3 species of Least Weasel, Beech Marten
and Eurasian Badger identified in the research area are under
protection (KA); 3 species of European Hare, Golden Jackal, Red
Fox and Wild Boar are determined as game animals for which
hunting is allowed at certain times (AH), and no status is specified
for other species (Official Gazette of the Republic of Tirkiye,
2023).

With the findings obtained, tables of the large mammal
species using the Hidirnebi Plateau Ecotourism Area and its
surroundings were created. Large mammal wild animals were
included in the result table according to their global threat status
and protection status (Table 1).

Some camera traps images of large mammal species
detected during the research in Hidirnebi Plateau Ecotourism
Area are given in Figures 4.

12
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Table 1. Large mammal species detected in Hidirnebi Plateau
Ecotourism Area

Queve | Englishname | STMTIC | yycn | BERN | CITES | TOB | MAKK
INSECTIVORA
Gymnures & . .
Hedgehogs Erinaceidae
Southern White- Erinaceus
1 breasted concolor LC —_ —_ —_ —_
Hedgehog
LAGOMORPHA
Rabbits & Leporidae
Hares P
2 European Hare Lepus LC P — GA GA
europaeus
RODENTIA
Squirrels,
Chipmunks, A
Marmots & Sciuridae
Priarie Dogs
3 Eurasian Red Sciurus LC p _ _ _
Squirrel vulgaris
Caucasian Sciurus
4 Squirrel anomalus LC SP _ _ _
CARNIVORA
Coyotes, Dogs,
Foxes, Jackals Canidae
& Wolves
5 | Grey Wolf ICa”'S LC | SPITR | App.ll | G6A | —
upus
Canis
6 Golden Jackal aureus LC — — GA GA
7 | RedFox Vulpes ic | — | — | eAa| oA
vulpes
Bears Ursidae
Ursus
8 Brown Bear arctos LC SP/TR | App. I GA —
Badgers, Otters,
Weasels & Mustelidae
Relatives
9 Least Weasel Mustela LC P — GA P
nivalis
10 | Stoat Mustela LC P — | — | —
erminea
11 | Pine Marten Martes Lc P — | =] —
martes
Martes
12 Beech Marten foina LC P — GA P
13 Eurasian Badger Meles LC P — GA P
meles
Cats Felidae

13
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Queue |  English name Scr::‘;g'c IUCN | BERN | CITES | TOB | MAKK
14 | Europan Wildcat | 7EVS tc | s |Apn| — | —
silvestris '
15 Eurasian Lynx Lynx lynx LC P App. Il | — —
ARTIODACTYLA
Hogs & Pigs Suidae
16 | Wild Boar Susscrofa | LC | — | — [ GA | GA
Deer, Elk & .
Cervidae
Moose
17 European Roe Capreolus LC p . GA .
Deer capreolus

IUCN: Global threat status, CR: Critically endangered, EN: Endangered, VU:
Vulnerable, NT:Near threatened, LC: Least concern, DD: Data deficient, NE: Not
evaluated.

BERN: Conservation Status according to the BERN Convention on the Conservation
of European Wildlife and Natural Habitats, P: Protected, SP: Strictly protected, SP/TR:
Turkiye objects to a species that cannot be strictly protected.

CITES: Status according to the Convention on International Trade in Endangered
Species of Wild Fauna and Flora, App. I: Species threatened with extinction, species
that may only be allowed to be traded in exceptional circumstances, App. Il: Species
that are not in absolute danger of extinction but are subject to controlled trade to prevent
uses that could jeopardize their extinction.

TOB: Species protected by the Ministry of Agriculture and Forestry, P: Protected, GA:
Game animals/Species allowed to be hunted at specified times of the year.

MAKK: Conservation Status According to Central Hunting Commission Decision
(2023-2024), P: Protected, GA: Game animals/Species allowed to be hunted at
specified times of the year.

*TOB: Species protected by the Tirkiye Ministry of Agriculture and Forestry (MAF),
MAKK: Protection Status According to the Decision of the Central (National) Hunting
Commission of the MAF.

14
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Figure 4. Images of large mammal species detected in the study
area

Wild Boar

During the study, it was determined that Golden Jackal,
Red Fox and Wild Boar individuals preferred the same paths as a
result of the examination of the camera trap images installed on
the paths used by mammals in the research area.

The images obtained from the camera traps placed in the
research area show that domestic animals (sheep, dogs, etc.) and
stray dogs and cats use the habitats of wild animals (Figures 2).

15
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Figure 2. Some camera traps images of domestic and stray
animals in the study area

4. CONCLUSION AND RECOMMENDATIONS

As a result of the observations made during the research
in Hidirnebi Plateau Ecotourism Area, 17 species belonging to 9
families were identified (Table 1). These species are Grey Wolf
(Canis lupus), Golden Jackal (Canis aureus), Red Fox (Vulpes

16
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vulpes), Brown Bear (Ursus arctos), Eurasian Lynx (Lynx lynx),
Europan Wildcat (Felis silvestris), European Roe Deer
(Capreolus capreolus), Wild Boar (Sus scrofa), Eurasian Badger
(Meles meles), Beech Marten (Martes foina), Pine Marten
(Martes martes), Least Weasel (Mustela nivalis), Stoat (Mustela
erminea), European Hare (Lepus europaeus), Caucasian Squirrel
(Sciurus anomalus), Eurasian Red Squirrel (Sciurus vulgaris) and
Southern White-breasted Hedgehog (Erinaceus concolor).

Stray dogs and cats identified in the research area are a
threat to wildlife and their habitats. Stray dogs and cats cause
serious damage to wildlife by hunting and scaring wild animals,
sharing the food resources of predatory species, disrupting the
genetic structure, transmitting diseases and disrupting the balance
of the ecosystem. Therefore, stray dogs and cats in the area are a
threat to wild animals and their habitats, and also disturb people
visiting the area.

The population sizes of large mammals in Hidirnebi
Plateau Ecotourism Area and their impacts on their habitats
are not known. However, as a result of the observations made in
the area, it has been determined that forestry activities that take
wildlife into account have not been carried out in order to
improve the habitats of wild animals.

With the realization of the study, large mammals
were detected for the first time in this ecotourism area using
the camera trap method. In addition, the nature and hunting
tourism potential of the area was also revealed by determining the
large mammal species distributed in the research area. Thus, it
is possible to form a basis for the wildlife management plans to
be made in the region in the following years. At the same time,
the research data provided a gain in terms of determining
the biological diversity of Turkiye.

17



Miihendislik Calismalart

With this study carried out in Hidirnebi Plateau

Ecotourism Area, it was aimed to identify the large mammal
species distributed in the area and to contribute to the wildlife
management plans to be implemented in the ecotourism area.
For this purpose, according to the results of the study, some
measures to be taken for wildlife in Hidirnebi Plateau Ecotourism
Area are listed below.

In order to protect biodiversity and improve the habitats
of wild animals in Hidirnebi Plateau Ecotourism Area,
management plans that take wildlife into account should
be implemented. In order to manage wildlife in the
ecotourism area correctly, the plans to be prepared
should be carried out by wildlife experts trained in the
relevant field. For this reason, it should be ensured that
graduates of the "Wildlife Ecology and Management"
department, which provides undergraduate education in
Turkiye, are employed within the relevant institutions.
In Turkiye, forest engineers or biologists working in the
relevant institutions are generally used in wildlife
management. However, the knowledge and experience
of these personnel on wildlife, especially mammals, is
not sufficient. It is essential for the preparation and
implementation of a successful wildlife management
plan that expert personnel have all kinds of information
(ecology, biology, behavior, etc.) related to mammal
species.

Stray dogs and cats that cause serious damage to wild
animals and their habitats should be collected from the
ecotourism area. Domestic animals (shepherd dogs,
domestic cats and dogs) brought to the area by citizens
should not be allowed to roam freely.

A continuous monitoring program should be carried out
for large mammal species in the area. Continuous

18
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mammal observations in the ecotourism area by wildlife
experts trained in their field in all seasons of the year will
increase the success of the management plan. For this
reason, mammal observations should be made regularly
in the area every month of the year.

Censuses and management plans should be made for
large mammal species. In populations of large mammal
species, individuals above the carrying capacity should
be hunted in a planned and controlled, i.e. legal manner.
In order to implement this, the population status of the
species should be determined through census (inventory)
studies by applying scientific methods.

Education and awareness raising activities should be
emphasized. Within the scope of education and
awareness-raising activities, local people and visitors
should be informed about the large mammal species in
the area. Warning and informative signs about wildlife
should be placed in different areas within Hidirnebi
Plateau Ecotourism Area.

Necessary precautions should be taken regarding all
kinds of waste. The garbage bins in the area must be
closed, fixed in place and surrounded by wire fences. It
should be prevented to leave garbage in areas other than
garbage bins and necessary legal measures should be
taken in this regard.

During the breeding periods of large mammal species in
the area, care should be taken to ensure that the activities
carried out in the area do not disturb wild animals. For
this reason, grazing etc. activities in the area should be
carried out in a planned and controlled manner.

Renewal and improvement works should be carried out
in the area by planting fruit trees and shrubs suitable for
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food preferences, which are in decline in the habitats of
large mammal species and have even disappeared in
many places.

e Hidirnebi Plateau Ecotourism Area has a wildlife-based
tourism potential in terms of large mammal diversity.
First of all, local people should be made aware of the
environment. It is seen that human intervention in nature
is at the root of all these problems. In order to raise
awareness of local people, an education system starting
from primary education should be established; villagers,
shepherds, mukhtars, teachers, military and civil
administrators should be trained. For this purpose,
booklets, brochures, etc. should be prepared and
awareness should be raised through local TV and radio
programs. As a result, with the improvement of the
habitat, the ecotourism area, which hosts significant
large mammal species even under these conditions, will
be more noticeable. In this way, while improving the
habitat of the existing large mammal species, tourism
income can also be generated by organizing wildlife
observation activities for visitors at certain times of the
year to make use of this diversity. With the mammal
wildlife observation activities to be organized, the local
people will also be able to provide economic income.

With this research, it has been seen that the wildlife-
based tourism potential of Hidirnebi Plateau Ecotourism Area
can be further increased with these measures to be taken. This
feature can be used as an income-generating resource for the
local people by advertising it worldwide using communication
tools with a comprehensive expression. In this way, it will be
easier for the local people to embrace the site.
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It is thought that the data determined in this study may be
useful in solving the problems that Hidirnebi Plateau Ecotourism
Area may encounter in terms of wildlife.
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THERMODYNAMIC ANALYSIS OF
METHANOL AND ETHANOL COMBUSTION
REACTIONS: ADIABATIC APPROACH

Ahmet ELBIR!
Mehmet Erhan SAHIN?

1. INTODUCTION

When methanol and ethanol are used as fuels, the heat
released as a result of these reactions can be used for heating
systems or energy production. This is a common application
used to provide heating and energy in industrial facilities,
homes, or vehicles. Methanol and ethanol can be used as fuels in
internal combustion engines. The combustion reaction occurs in
the cylinders of the engine, which moves the pistons. Thus,
vehicles can obtain power by using engines that run on methanol
or ethanol. The heat released during the combustion process of
fuels like methanol and ethanol can be recovered and used in
another process. In industrial facilities, this heat can be used in
processes or hot water production.

Some studies in the literature: In a study by Elorf and
Sarh the effect of excess air ratio on the dynamics of ground
olive cake combustion in a vertical furnace was examined. The
study found that different excess air ratios (A = 1.3, 1.7, 2.3, and
2.7) diluted CO and CO2 emissions inside the furnace, reduced
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the temperature at the furnace exit, and decreased visible flame
lengths (Elorf and Sarh, 2019). Zhao et al. investigated the
effects of oxyhydrogen/butanol/gasoline triple-fuel combined
feeding on combustion and emissions of an engine. The study
examined the effects of different excess air ratios as well as the
impact of oxyhydrogen on in-cylinder combustion and thermal
transfer. It was found that as the excess air ratio increased, the
impact of oxyhydrogen on combustion and thermal transfer
became more pronounced, and gasoline consumption and NOXx
emissions could be reduced (Zhao, 2023). Wang et al. examined
the effects of methanol addition and excess air/fuel ratio on the
emissions, performance, and combustion characteristics of a
natural gas/methanol dual-fuel engine. It was determined that
with the increase in excess air ratio, the combustion rate of
natural gas decreased due to the reduction in pressure,
combustion temperature and energy density (Wang, 2019).
Mahendar and Erlandsson developed a semi-predictive model
examining the combustion properties of ethanol and methanol at
excess air ratios. The study observed high efficiency at A=1.4
excess air ratio, but the prediction accuracy decreased at high
dilution levels. To address these shortcomings, a laminar flame
speed correlation was added (Mahendar and Erlandsson 2021).

Numerous studies have investigated the effects of
varying excess air ratios (A) and the incorporation of different
fuel additives on the dynamics of combustion, engine
performance, emissions, and overall engine efficiency. The
findings from these studies consistently indicate that both the
excess air ratio and the type of fuel used significantly influence
these parameters. Combustion reactions play a critical role in
energy conversion processes and have substantial implications
for thermodynamic properties. This study delves into the
combustion reactions of widely used fuels, specifically methanol
and ethanol, conducting an in-depth analysis from a
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thermodynamic standpoint. The focus is on understanding how
these fuels behave under different conditions and how their
thermodynamic properties impact combustion efficiency and
emissions. By examining methanol and ethanol, the study aims
to provide comprehensive insights into optimizing fuel use for
better engine performance and reduced environmental impact.

2. MATERIAL AND METHOD

Calculations were made under adiabatic conditions for
thermodynamic analysis of combustion reactions. These
calculations were carried out with the formulas and equations
used to determine the thermodynamic properties of the fuel and
air mixture. The calculations took into account the properties
and reaction equations of specific fuels, such as methanol and
ethanol. The results obtained with EES software were graphed
with Python software.

Acceptances:

These equations represent a combustion reaction. The
combustion reaction is a chemical reaction in which CO2, H20,
and other byproducts are formed as a result of the reaction of a
fuel with oxygen. The given equations include:

CxHyOz + (x + y/4 - z/2) (Theo_air/100) (Oz + 3.76 Np) <-->
XCOz + (y/2) H20 + 3.76 (X + y/4 - 2/2) ( Theo_air/100) N2 + (X
+yl4 - 2/2) (Theo_air/100 - 1) O

CxHyOz Represents the combustion reaction of fuel and
air components. The left side shows the fuel and air
components, the right side shows the products of combustion. In
Figure 1, there are CO2, H20, N2 and Oz on the right side of the
reaction. On the left side of the reaction is the combustion
stoichiometry of the CxHyOz fuel, according to the given
formulation. The enthalpy of the fuel is added together with the
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enthalpy of the oxygen and nitrogen used during combustion.
The result is equalized with the enthalpy of the products formed
as a result of combustion. The adiabatic heat in this equation
allows us to find the heat generated during the reaction. Figure 1
Products entering and exiting the combustion chamber (Cengel
and Boles, 2011; Borgnakke and Sonntag, 2009).

Figure 1. Combustion chamber

|

chamber
=N

3. FINDING AND DISCUSSION

The results of the study show how the combustion
reactions of methanol and ethanol under adiabatic conditions
occur in thermodynamic terms. The data obtained provides
important information about the composition, calorific values
and thermodynamic efficiency of the fuel-air mixture. Figure 2.
and Figure 3. Show the relationship between adiabatic
combustion temperature and excess air ratio. The graphics show
"Relationship between Excess Air Ratio and Adiabatic
Combustion Temperature”. The x-axis of the graph shows the
"Air Excess Ratio" (excess air coefficient) values, and the y-axis
shows the "Adiabatic Combustion Temperature” (K) values.
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Figure 2. Air excess ratio and adiabatic combustion temperature
for methanol
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Figure 2. The relationship between excess air ratio and
adiabatic combustion temperature for methanol is shown. It
shows that the adiabatic combustion temperature decreases as
the air excess ratio increases. This implies an inversely
proportional relationship. While the air excess ratio is close to
zero, the adiabatic combustion temperature is around 6000 K.
This indicates that the fuel has reached its highest temperature
under complete combustion conditions. As the excess air ratio
increases rapidly from 0 to 25, the combustion temperature also
decreases rapidly. This shows that the combustion temperature
drops sharply when the air excess ratio is low. As the air excess
ratio continues to increase beyond 25, the decrease in adiabatic
combustion temperature occurs more slowly. When the excess
air ratio is 200, the combustion temperature drops to around
2000 K and the rate of change decreases. Why does the
adiabatic combustion temperature decrease as the air excess
ratio increases? Excess air increases the amount of oxygen
available during combustion, which causes the energy produced
during combustion to be spread over a larger volume of gas,
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thus lowering the temperature. This relationship is especially
important for internal combustion engines and the optimization
of combustion processes. Lower excess air ratios allow higher
combustion temperatures and therefore higher efficiency to be
achieved, but emissions may increase. High excess air ratios
lower the combustion temperature, which reduces NOXx
emissions but may reduce efficiency. This graph clearly shows
how the adiabatic combustion temperature of the fuel varies
depending on the excess air ratio. Such data is critical to
optimizing combustion processes and keeping emissions under
control. The graph shows that the excess amount of air
significantly lowers the combustion temperature, and this effect
is more pronounced at the beginning.

Figure 3. Air excess ratio and adiabatic combustion temperature
for Ethanol
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Figure 3 shows the relationship between "Air EXxcess
Ratio™ and "Adiabatic Combustion Temperature (K)". In the
graph, we see that the adiabatic combustion temperature
decreases as the air excess ratio increases. This is generally
expected behavior in combustion reactions. The adiabatic
combustion temperature is highest at around 7000 K, while the
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excess air ratio is around 0. This shows that the combustion
temperature is maximum when the excess air ratio is minimum.
As the air excess ratio increases, that is, the amount of air used
for combustion increases, the adiabatic combustion temperature
decreases rapidly. While the air excess ratio was around 50, the
temperature dropped to approximately 2500 K. As the excess air
ratio increases, the decrease in adiabatic combustion
temperature continues at a slower rate. While the air excess ratio
was around 200, the temperature dropped to approximately
1500K.

This relationship indicates that the air excess ratio plays
a critical role in combustion reactions and significantly affects
the combustion temperature. A high excess air ratio lowers the
combustion temperature, resulting in lower energy output, which
is generally associated with a more efficient and cleaner
combustion process. A low air excess ratio provides higher
energy output by enabling high-temperature combustion, but
this can also lead to more NOx emissions. This inversely
proportional relationship between the excess air ratio and the
adiabatic combustion temperature is an important factor in the
optimization of the combustion process and emission control.

Figure 4. Variation in the number of moles of methanol
combustion products based on the excess air ratio

Mole Count of Combustion Products ws. Excess Air Ratio for Methanal
—— oz
—a— H20
10— N2
—— 02

’ .“' et y:

Excess Air Ratio
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Figure 4 shows the number of moles of combustion
products of methanol relative to the excess air ratio. This ratio
refers to the amount of extra air used compared to the amount of
air that should theoretically burn. The chart shows the four main
products of combustion: COz (carbon dioxide), H.O (water
vapor), N2 (nitrogen) and O. (oxygen). The amount of COg,
shown in blue, reaches a constant value as the excess air rate
increases, and then begins to increase slowly. This is a product
of the combustion of methanol, and when combustion is
complete, carbon dioxide production remains constant. The
amount of H>O shown in green similarly remains constant,
regardless of the excess air rate. This represents the fixed
amount of water vapor produced by the combustion of
methanol. The amount of N2 shown in red increases in direct
proportion to the excess air rate. This is because most of the air
is nitrogen and does not directly participate in the combustion
reaction. As the excess air ratio increases, more nitrogen enters
the combustion medium. The amount of O2 shown in purple also
increases as the excess air ratio increases. When sufficient air is
provided and this ratio increases, excess o0xygen cannot
participate in the combustion reaction and as a result remains in
an increasing amount among the combustion gases. In summary,
as the excess air increases, the amounts of nitrogen and oxygen
increase, while the amounts of carbon dioxide and water vapor
remain relatively constant. This indicates that when excess air is
used in the combustion reaction of methanol, non-reactive
nitrogen and excess oxygen will be present in increasing
amounts among the combustion products.
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Figure 5. Variation of the number of moles of combustion
products of ethanol according to the excess air ratio
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Figure 5 shows the number of moles of combustion
products of ethanol relative to the excess air ratio. The graph
shows how the number of moles of the four main combustion
products changes as the excess air increases: N2 (nitrogen) and
O (oxygen) H2O (water vapor) and CO_ (carbon dioxide). The
amount of COz shown in blue remains constant as the excess air
rate increases. The amount of carbon dioxide formed as a result
of the complete combustion of ethanol remains constant
throughout the combustion reaction because the amount of CO»
as a combustion product depends on the amount of fuel used and
is independent of the excess air rate. The amount of H>O shown
in green also remains constant, regardless of the excess air rate.
Water vapor is formed as a result of the combustion of ethanol,
and this amount remains constant depending on the amount of
ethanol used in the combustion reaction. The amount of N
shown in red increases in direct proportion to the excess air rate.
Although nitrogen in the air does not directly participate in the
combustion reaction, it is present in the combustion
environment. As the excess air ratio increases, more air (and
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therefore more nitrogen) enters the combustion medium. This
results in an increase in the amount of nitrogen among the
combustion products. The amount of O, shown in purple also
increases as the excess air ratio increases. When sufficient air is
provided and the excess air ratio increases, the excess oxygen
cannot participate in the combustion reaction and increases in
the combustion gases. The graph shows that the amounts of
nitrogen (N2) and oxygen (O2) increase in direct proportion to
the excess air rate. This is due to the extra added air being
included among the combustion products. Carbon Dioxide and
Water Vapor: The amounts of CO2 and H20 appear to remain
constant, indicating that the combustion reaction depends on the
amount of ethanol and adding excess air does not change the
amount of these products. This graph clearly shows the effect of
excess air on combustion products and reveals that during
ethanol combustion, excess air increases the amounts of nitrogen
and oxygen, but does not affect the amounts of carbon dioxide
and water vapor.

According to the data in the table, the amounts of gases
released into the atmosphere as a result of the daily combustion
of 1 ton of methanol and ethanol have been determined. For
methanol (CHsOH), 1375 kg CO-, 1125 kg H20 and 4935 kg N2
are released every day. For ethanol (C.HsOH), 1913 kg CO.,
1174 kg H-O and 6878 kg N: are released into the atmosphere
every day. These data allow to evaluate and compare the
environmental impacts of biofuels such as methanol and ethanol.
In particular, differences in CO:. emissions can help us
understand important issues such as climate change and air
quality.
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Figure 6. Daily CO:, H-O and N: emissions of methanol and
ethanol fuels
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Figure 6 compares daily CO:, H2O and N> emissions of
methanol (CHsOH) and ethanol (C.HsOH) fuels. Methanol
Emissions (CO2: Approx. 1000 kg/day, H.O: Approximately
less than 1000 kg/day, N2: Approximately 5000 kg/day). Ethanol
Emissions (CO2: Approx. 1500 kg/day, H.O: Approximately just
over 500 kg/day, Na: Approximately 7000 kg/day). CO:
Emissions: Ethanol emits more CO: than methanol (1500 kg/day
vs. 1000 kg/day). H2O Emissions: Methanol emits more H.O
compared to ethanol, but both are less than 1000 kg/day. N:
Emissions: Ethanol emits significantly more N> than methanol
(7000 kg/day vs. 5000 kg/day).

Ethanol has higher emissions for all components than
methanol. The most obvious difference is that ethanol produces
significantly more N2. This analysis shows that although ethanol
is a popular biofuel, it causes higher emissions compared to
methanol, which may be important when considering
environmental impacts in fuel selection.
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4. RESULT

This study presents the thermodynamic analysis of the

combustion reactions of methanol and ethanol fuels under
adiabatic conditions. The obtained results detail the effects of
the excess air ratio on the adiabatic flame temperature in the
combustion processes of these fuels.

Relationship Between Adiabatic Flame Temperature and Excess
Air Ratio for Methanol:

As the excess air ratio increases, the adiabatic flame
temperature decreases.

At an excess air ratio close to zero, the adiabatic flame
temperature is approximately 6000 K, indicating the fuel
reaches its peak temperature under conditions of
complete combustion.

With a rapid increase in the excess air ratio from 0 to 25,
the combustion temperature also decreases rapidly.

As the excess air ratio continues to increase beyond 25,
the decrease in adiabatic flame temperature becomes
more gradual. When the excess air ratio reaches 200, the
combustion temperature drops to around 2000 K.

Relationship Between Adiabatic Flame Temperature and Excess
Air Ratio for Ethanol:

As the excess air ratio increases, the adiabatic flame
temperature decreases.

At an excess air ratio close to zero, the adiabatic flame
temperature reaches its peak at around 7000 K.

When the excess air ratio reaches approximately 50, the
temperature drops to about 2500 K.
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e As the excess air ratio continues to increase, the rate of
decrease in adiabatic flame temperature slows down. By
the time the excess air ratio reaches around 200, the
temperature decreases to roughly 1500 K.

Low excess air ratios lead to high combustion
temperatures and therefore higher efficiency. However, this can
result in higher NOx emissions. High excess air ratios reduce the
combustion temperature, which lowers NOx emissions but may
also reduce efficiency. The obtained data are critically important
for the optimization of internal combustion engines and other
combustion processes. To control combustion temperature and
minimize emissions, the excess air ratio must be properly
adjusted. The study provides important insights for the use of
methanol and ethanol in industrial facilities, vehicles, and
energy production systems. The results form a basis for
understanding and improving the thermodynamic performance
of these fuels.

In conclusion, this study thoroughly analyzes the
thermodynamic properties of the combustion reactions of fuels
like methanol and ethanol under adiabatic conditions. These
analyses provide a valuable resource for understanding and
improving the thermodynamic performance of fuel-air mixtures
and offer critical insights for optimizing combustion processes
and controlling emissions.
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SIRNAK ASFALTIT OCAKLARINDAN CIKAN
KiL ATIKLARININ INSAAT SEKTORUNDE
KULLANILABILIRLIGININ ON
ARASTIRILMASI*

Oykii BILGIN?

1. GIRIS

Madencilik faaliyetleri; gorsel kirlilik, tozlanma, erozyon,
su kirliligi, arazi veriminin azalmasi, ekosistemin bozulmasi gibi
cevresel etkilere yol acabilmektedir. Ayrica madencilik
faaliyetleri sirasinda; fazla miktarlarda atiklar meydana
gelmektedir. Maden atiklari; {ist Ortii topragi, dekapaji (Ortii-
kazi), atik kil, atik kaya ve zenginlestirme sonucu c¢ikan
atiklarindan olusmaktadir. Cevre kirliligini 6nlemek i¢in,
madencilik faaliyetlerinden sonra c¢ikan atiklar; daha sonra
tasinmali, toplanmali, geri kazanilmali veya ortadan
kaldirilmalidir.  Bunun i¢in geri kazanim yontemlerinin
uygulanmas1 da ¢ok onemlidir. Ornegin; kil igerikli komiir
hazirlama/zenginlestirme tesis atiklarindan, ayrica temiz komiir
tiretimi ve atik kilin ¢imento/tugla iiretiminde kullanilmasi bu
yontemlerden biridir. Tiirkiye/Sirnak asfaltitleri filonlar (Harbul,
Avgamasya, Silip, Seridahli, Segurik, Milli, Karatepe,
Ispindoruk, Uckardesler, Rutkekurat, Uludere(Ortasu), Nivekara)
halinde, toplam rezervleri en az 25.000 hektar alanda fay ve catlak
dolgular1 bigiminde olup, yan kayacinda kil mineralleriyle

L Bilgin, O. 2017, “Study of Usage Areas of Clay Samples of Asphaltite Quarries in
Sirnak, Turkey” IOP Conference Series World Multidisciplinary Earth Sciences
Symposium (WMESS 2017).
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beraber yer almaktadir (DIKA, 2013; Bilgin, O ve Kantarci, S,
2015; Nakoman, E., 1980; Sengiiler, 1., 2007; Giindogdu C.,
2009). Sirnak bolgesi asfaltit madenciligi sirasinda yan kayaci
olusturan killer vs., atik sahalarinda toplanmaktadir. Asfaltit
ocaklarindan asfaltit yankayacindan ¢ikarilan kil vs. atik sahalar1
sehir merkezine c¢ok yakin olmakla birlikte, gorsel ve hava
Kirliligi gibi (gevresel) kirlilik olusturmaktadir. Tiirkiye/Sirnak
Asfaltit madenciligi sirasinda olusan yankayag killeri ise atik stok
sahalarinda toplanmaktadir. Atik sahalarinda toplanan bu killerin
cimento veya tugla-kiremit sektoriinde kullanilmast hem goriintii
ve ¢evre kirliligini onleyecek, hem de insaat sektoriine (¢imento,
tugla, kiremit, seramik vs.) hammdde katkisi olacaktir. Bu
calismada; Sirnak bdlgesinde isletilen Seridahli ve Segiiriik
asfaltit filonlarina ait maden ocaklarindan alinan kil
numunelerinin  analizleri yapilarak ve kullanim alanlar
aragtirtlmaktadir.  Sonug¢ olarak; Seridahli ve Seguruk
filonlarindan alman yan kaya¢ kil numunelerinin ingaat
sektoriinde ¢imento ve tugla/kiremit yapimina uygun olabilecegi
yapilan analizler sonucunda kanisina varilmistir. Caligmalar
genisletilerek, diger asfaltit filonlarindan da numuneler alinip,
analizler yapilmasi 6nerilmektedir. Bu arastirma bir 6n inceleme
olup, yeni numuneler ve deneylerle daha genis arastirmalarla
desteklenmelidir.

Kil mineralleri, sanayinin pek c¢ok alanina 6nemli
hammadde saglayan hidrotermal kokenli topraklardir. Killer
yapisal olarak nem ¢ekme 6zelligi yiiksek, sekil verilmesi kolay,
kurudugunda da seklini korumasi, biiziisme 6zelligi olan, plastik
ozellikli, dogal renkli yapida dogal minerallerdir. Kimyasal
Ozelliklerine gore yapilarinda aluminyum oksit (Al2O3), sulu
aluminyum silikatlar ve farkli alkali topraklarin 6zellligine gore
demir icermektedirler. Kil hammaddesinin olusumlari iklim, bitki
ortiisti, kayac tipine ve zamana gore degismektedir. Giinliik
hayatta kullanilan pek ¢ok esya, kil hammaddelerinden
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yapilmaktadir. Killer; genellikle yap1 malzemesi alaninda, vazo,
tabak, slis esyalari, testi gibi esyalarda hammadde olarak
kullanilmaktadir (MTA, 2010; DPT, 2001; DPT, 2007).

2. INSAAT SEKTORUNDE KULLANILAN
KIiLLER

Cimento Uretimi icin gerekli olan hammaddeler kil, marn
(kalker-kil karisimi) ve kiregtasi(kalker)’ dir. Klinker, ¢imento
uretimi icin 6nemli temel hammaddedir. Klinker Uretiminde;
ogiitiilmiis toz halindeki kil ve kiregtaginin uygun miktarlarda
karigtirilmast ile bu karigimin yiiksek sicaklikli  ¢imento
firinlarinda yaklagik 1450 °C'ye kadar pisirilmesi agamalarindan
olusmaktadir. Marn; SiO2 CaO, Al,O3, ve Fe;Os3 gibi oksitli
bilesenleri  yapisinda  bulunduran diger bir ¢imento
hammaddesidir. Cimento; su ile tepkimeye girerek, hidrolik bir
baglayict olmaktadir. Onemli c¢imento ¢esitleri; portland
¢imentosu, trasli ¢cimento, yiiksek firin ciiruf ¢cimentosu ve katkili
cimento olarak simiflandirilirlar (Bilgin,O. ve Kog, E., 2016).
Cimento hammaddesinin homojen yapida olmasi istenmektedir.
Cimento elde edildikten sonra, beton iiretimi, insaat sektorii, yap1
malzemesi gibi alanlarda kullanilmaktadir
(https://www.turkcimento.org.tr/; Bilgin,O. ve Kog, E., 2013).

Killer; kimyasal analiz sonuglarina gore; SiO2, Al2Og,
Fe203, MgO, CaO, K>0, SOs3, Na20, ve % kizdirma kaybi gibi
oranlar1 tesbit edilmektedir. Kil mineralleri disinda ayrica
yapilarinda yer alan safsizliklar da % oran olarak
belirlenmektedir. Cimento yapimi i¢in gerekli olan kil
mineralinin en uygun bilesimi i¢in AloO3/Fe;O3 oran1 2/1, SiO;
(%) oraninin belli bir list sinirda olmasi ve alkali oksit miktarinin
%1’ den daha az olmasi1 gereklidir. Beyaz ¢imento iiretimi i¢in
kullanilan kaolin kili de ¢imento sektoriinde Onemli bir yer
tutmaktadir (DPT, 2001; DPT, 2007).
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Cimento yapiminda kullanilan killerin plastisite oranlar1
%15-20 ve sinterlesme sicakliklar1 900°C ile 1050 °C arasinda
olmalidir. Klinker iiretiminde kullanilan katkilar, hammaddenin
kimyasal yapisina katki saglamaktadir ve SiO2, Fe ve Al2O3
igeriklidir. Bunlar 6rnegin; pirit, demir cevherleri, kuvarsl
kumlar olabilir. Ayrica; ¢imento {iretiminde kaolin, alg1 tasi,
puzzolan maddeler, kalkerli ve silisli kiiller ve yiiksek firin ciirufu
da katki maddesi olarak kullanilmaktadir (MTA, 2010; DPT,
2001; M. Schneider, 2011).

Tugla/kiremit iiretimi i¢cin uygun hammaddeler kumlu kil’
dir. Kumlu killer (balgik, silt, corak vs); seramik kilinden farkl
olarak, silis, demir ve karbonat icgerigi yoniinden daha zengin
yaptya sahip ve igeriginde kalsit, kuvars, montmorillonit,
kalolinit, limont klorit, serisit gibi mineraller de bulunmaktadir.
Iri taneler, organik maddeler ve jips yapisin1 bozmaktadir. Tugla
uretimine en uygun topraklar, kiremit UGretimi icin uygun
olmayabilir. Boyle durunlarda kumlu hammadde, plastikligi fazla
olan ince taneli killerle karistirilarak kullanilmaktadir. Igeriginde
pirit (FeSz) miktarinin fazla olmasi hammaddenin kalitesini
olumsuz yonde etkilemektedir. Ornegin; pisme sirasinda suda
¢oziinebilen tuzlar ¢ikmakta ve bu tuzlar ¢imento harcina etki
ederek insaatin yikilmasina dahi sebep olabilmektedir. Mika
orani fazla olan killer de su emme oranini arttirdigindan yine
istenmeyen durum olusturmaktadir. Ayrica hammadde igerisinde
bulunan kémiir pargalar1 da olumsuz bir durumdur. Bu da pisme
esnasinda malzemenin c¢atlamasina ve kabarmasina neden
olmaktadir (DPT, 2001).

Genellikle Tugla-kiremit Gretimi icin istenen standartlar;
hammaddenin CaCOg igerigi % 35'in altinda olmalidir. 3 mm’
den iri tanelerin oram1 %1°1 gegmemelidir, plastiklik suyu % 25
ile % 35 arasinda bulunmalidir. Uriin; 100 °C sicaklikta
pisirildiginde sertligi Mohs tablosuna gore 2' nin iizerinde
olmalidir. Kuruma kiiglilmesi % 10'dan az, su emme kapasitesi
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tugla icin; % 8' den fazla, kiremit i¢cin % 18' den az olmalidir.
Tugla-kiremit yapimi i¢in kullanilan hammadde 800-100 °C'de
catlaklar ve patlama olusturmadan kiremit renginde
pisebilmelidir. Bu topraklarin 0,2 mm den iri tanelerin yiizde
oranlari, cinsi, kaliplanma yetenekleri ve kuru kirilma
dayanimlar1 da tespit edilmelidir (DPT, 2001; MMO, 2012).

3. MATERYAL VE YONTEM

Bu c¢alismada; Sirnak bolgesinde isletilen Seridahli ve
Segiiriik  asfaltit flonlarindan (ocaklarindan) alinan kil
numunelerinin SQX analizleri yapilarak ve kullanim alanlart
aragtirtlmaktadir. Seridahli ve Segiirik yan kaya¢ killerinin
cimento ve tugla/kiremit sektoriinde kullanima uygun olabilecegi
yapilan 6n analizler sonucunda kanisia varilmistir. Caligmalar
genisletilerek, diger asfaltit filonlarindan da numuneler alinip,
analizler yapilmasi onerilmektedir.

Sekil 1. Asfaltit Yankayag¢ Killeri

Sekil 1° de Sirnak bolgesine asfaltit ocaginda asfaltit ve
yankayac killeri goérilmektedir. Sirnak/Seridahli bolgesi asfaltit
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ocagina ait yankaya¢ numunesi
verilmektedir.

Tablo 1. Seridahli Asfaltit Ocag Ust Kil-Yankaya¢ Numunesi

analizleri

(sqx) Genel Analiz Sonuglari

Tablo 1’

de

fcerik | Sonu¢ | Det.limit El.line Yogunluk w/o normal
MgO 1.21 0.06 Mg-KA | 0.65 1.12
AlOs |9.21 0.10 Al-KA 15.78 8.49
SiO, 30.04 | 0.05 Si-KA 48.88 27.69
P20s 1.08 0.01 P-KA 5.53 1.00
SOs 0.50 0.01 S-KA 1.82 0.46
K20 4.38 0.01 K-KA 45.91 4.03
CaO 10.03 0.01 Ca-KA 82.54 9.24
TiO 0.72 0.03 Ti-KA 2.82 0.67
V205 0.74 0.02 V-KA 4.46 0.68
Cr,0; | 0.16 0.01 Cr-KA 2.15 0.15
Fe.03 |6.31 0.01 Fe-KA 171.87 5.82
NiO 0.16 0.04 Ni-KB1 | 1.76 0.15
ZnO 0.33 0.01 Zn-KA 31.58 0.31

Kaynak: (Bilgin, 2017).

Tablo 2. Segliruk (+4mm) Asfaltit Ocag1 Yankaya¢c Numunesi

(sqx) Genel Analiz Sonuglari

Icerik | Sonug¢ | Det.limit El.line Yogunluk w/o normal
Na,0O | 0.33 0.08 Na-KA 0.07 0.36
MgO 16.82 0.07 Mg-KA | 10.36 18.19
AlOs | 8.15 0.09 Al-KA 15.67 8.82
SiO, 40.14 0.05 Si-KA 73.16 43.42
SOs 0.11 0.01 S-KA 0.44 0.12
K20 0.81 0.01 K-KA 9.41 0.87
Cao 9.77 0.01 Ca-KA 91.58 10.57
TiO; 0.47 0.02 Ti-KA 2.09 0.50
Cr,0s | 0.19 0.01 Cr-KA 2.52 0.21
MnO 0.10 0.01 Mn-KA | 2.22 0.11
Fe.Os | 8.17 0.05 Fe-KB1 | 50.29 8.83
NiO 0.11 0.01 Ni-KA 6.87 0.12
TeO; 0.10 0.03 Te-KA 4.90 0.11
BaO 0.27 0.03 Ba-KA 4.98 0.29
AZ. 14.46 0.05 14.46
Kaynak: (Bilgin, 2017).

47



Miihendislik Calismalart

Seridahli asfaltit ocagi yankaya¢ numunesi genel analiz
sonuglar1 Tablo 1' de gosterilmektedir. Analiz sonuglari
incelendiginde % SiO2 oraninin % 30 civarinda oldugu tespit
edilmistir. Sonu¢ olarak numunenin ¢imento sektoriinde
kullanilabilir bir kil olabilecegi diistinilmektedir.

Tablo 3. Segliruk (+4mm) Asfaltit Ocag1 Yankaya¢c Numunesi
(sqx) Genel Analiz Sonuglari

fcerik | Sonu¢ | Det.limit El.line Yogunluk w/o normal
Na,O | 0.51 0.08 Na-KA 0.11 0.55
MgO 16.39 0.07 Mg-KA | 10.02 17.61
AlOs | 10.25 0.09 Al-KA 19.53 11.01
SiO, 45.63 0.05 Si-KA 82.15 49.03
SOs 0.28 0.01 S-KA 1.09 0.30
K20 1.03 0.01 K-KA 11.76 1.11
CaO 3.66 0.01 Ca-KA 33.86 3.93
TiO 0.55 0.02 Ti-KA 2.54 0.60
Cr,0; |0.21 0.01 Cr-KA 2.83 0.23
MnO 0.09 0.01 Mn-KA | 211 0.10
Fe:03 | 9.45 0.05 Fe-KB1 | 60.05 10.15
NiO 0.11 0.01 Ni-KA 6.57 0.12
AZ. 11.85 11.85

Kaynak: (Bilgin, 2017).

Sirnak/Segiiriik bolgesi asfaltit ocagina ait yankayac
numunesi analizleri Tablo 2 ve Tablo3’ de verilmektedir. Buna
gore; % 42-% 64 SiO2 ,% 15-20 Al203, % 8 CaO Tugla-Kiremit
iretimi i¢in gerekli oranlardir. % 1- %2 MgO ve CaO seramik
icin gerekli oranlardir. Yaklasik % 25 SiO2 orani ¢imentoda
kullanilmaktadir. Segiiriik 1 no' lu ve Segiiriik 2 no' lu asfaltit
ocagindan alinan yankaya¢ numunesi genel analiz sonuglari
Tablo 2 ve Tablo 3' de gosterilmektedir. On analiz sonuglari
incelendiginde her iki numunenin de tugla-kiremit yapimi i¢in
uygun kil 6zelliklerini tasidigi tespit edilmistir (Bilgin, O, 2017;
Bilgin O, 2023).
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4. SONUCLAR

Madencilik faaliyetleri; gorsel kirlilik, duraysizlik, su
kirliligi, ekosistemin bozulmasi, tozlanma, arazi veriminin
azalmasi ve erozyon gibi cevresel etkilere yol acabilmektedir.
Bununla beraber madencilik faaliyetleri sirasinda; atik/iiriin
oranlarina bagli olarak biiyiilk miktarlarda atiklar meydana
gelmektedir. Maden atiklari; ortii-kaz1 (dekapaj), atik kaya,
bitkisel Gst toprak, pasa, kil gibi zenginlestirme atiklarindan
olugmaktadir. Bu yiizden ¢evresel kirliligin Onlenmesi igin
madencilik faaliyetleri sonrast olusan atiklar; tasinmali,
toplanmali, geri kazanilmali veya bertaraf edilmelidir.
Madencilik atiklarinin olumsuz etkileri, geri kazanim yontemleri
uygulanmas1 ile Onlenebilir. Ornegin; kil igerikli komiir
hazirlama tesisi atiklarindan, temiz komiir Giretimi ve atik killerin
tugla tiretiminde kullanim1 bu yontemlerden biridir.

Tiirkiye/Sirnak  Asfaltit madenciligi sirasinda olusan
yankayac Killeri, ise atik stok sahalarinda toplanmaktadir. Atik
sahalarinda toplanan bu killerin ¢imento veya tugla-kiremit
sektoriinde kullanilmas1t hem goriintii ve g¢evre Kkirliligini
onleyecek, hem de insaat sektoriine(¢cimento, tugla, kiremit,
seramik vs.) hammdde katkis1 olacaktir. Bu calismada Segiiriik
ve Seridahli Asfaltit ocaklarindan alinan kil numunelerinin
cimento veya tugla-kiremit yapimina uygun malzemeler oldugu
anlasilmaktadir. Bu arastirma bir on inceleme olup, yeni
numuneler ve deneylerle daha genis aragtirmalarla
desteklenmelidir (Bilgin O, 2023).
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DOGAL DIiL iSLEME iLE DUYGU ANALIZI

Zeynep Sebnem UZMEZ!
Sinem AKYOL?2

1. GIRIS

Duygu analizi, metinlerdeki duygusal ifadelerin tespit
edilmesi ve smiflandirilmas: islemidir. Internetin ve sosyal
medyanin yayginlagsmasi, kullanicilarin metinler araciligryla
duygu ve diisiincelerini paylasmasin1 kolaylagtirmistir. Bu
nedenle, duygu analizi, sosyal medya ve cevrimigi
platformlardaki blyiuk miktarda verinin analiz edilmesi icin
onemli bir ara¢ haline gelmistir. Ozellikle Tiirkce metinlerde
yapilan duygu analizi c¢aligmalari, dilin kendine 0zgii yapisi
nedeniyle 6nemli bir arastirma alanidir [1].

Tirkce metinlerde duygu analizi yaparken, 0Oznitelik
secimi ve smiflama yontemleri 6nemli bir rol oynamaktadir.
Arastirmacilar, Tiirkce metinlerde duygu analizi igin farkh
yontemler gelistirmekte ve bunlari agik kaynak kiitiiphaneleri ve
veritabanlar1 araciligiyla uygulamak i¢in ¢aligmaktadir.

Oznitelik se¢imi ve smiflama yontemlerinin genel bir
tanimin1 yapmak gerekirse, 0znitelik se¢imi metinlerin igerdigi
duygusal ifadeleri belirlemek i¢in kullanilan yd&ntemlerdir.
Siniflama yontemleri ise metinlerin duygu polaritesini belirlemek
i¢in kullanilan yontemlerdir.
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Miihendislik Calismalart

Duygu analizi konusunda 2000-2023 yillar1 arasinda
yazilmis otuz tane makale ve tez incelenmistir. Incelenen
makalelerde anahtar kelimeler, izlenilen yontem, bulgular ve veri
seti tabloya siitun olarak eklenmistir. Kullanilan yontemler dogal
dil isleme ve dogal dil isleme siirecinde izlenilen adimlar
irdelenmis. Kullanilan metotlar hakkinda bilgilendirme
yapilmistir.

2. KELIMELERIN ON iSLEME ADIMLARI

Duygu analizi yaparken metinlerin dogru ve etkili bir
sekilde islenebilmesi i¢in On isleme adimlar kritik bir 6neme
sahiptir. Bu adimlar, ham metinlerin analiz i¢in uygun hale
getirilmesini saglar. On isleme adimlari, metinlerdeki gereksiz
Ogelerin temizlenmesi ve kelimelerin standart bir forma
doniistiiriilmesi siirecini igerir. Bu boliimde, metinlerin 6n isleme
adimlari ele alinmastir.

Ornek olarak “Bu tarz arastirmalar i¢in kapsamli veri
toplamak 6nemlidir” climlesini kullanalim.

2.1.Tokenizasyon

Tokenizasyon, metinlerin kelime veya climle gibi daha
kiiciik parcalara ayrilmasi islemidir. Bu adim, metindeki her bir
kelimenin ayr1 bir token olarak adlandirirlir . Tiirkge gibi eklemeli
dillerde, kelimelerin dogru bir sekilde boliinmesi 6nemlidir.
Ornek ciimlemiz sekiz kelimelik bir ciimledir yani sekiz tane
tokene ayirilir.

2.2.Kuguk Harfe Cevirme

Metindeki tiim harflerin kii¢iik harfe ¢evrilmesi, ayni
kelimenin farkl: sekillerde anlamlandirilmasinin 6niine gecer. Bu
adim, biiyiik haflerle , kiiciik harflerle veya biiyiik harf kiigiik harf
karigik yazilmis kelimelerin ayni kelime olarak islenmesini
saglar.
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2.3.Noktalama isaretlerinin ve Ozel Karakterlerin
Temizlenmesi

Noktalama isaretleri ve 6zel karakterler genellikle metnin
anlamin1 dogrudan etkilemez fakat metinden temizlenmeleri
gerekir.

2.4.Stop Words Temizleme

Stop words, metinlerde sik¢a kullanilan ancak anlam
tasimayan kelimelerdir. Ornek ciimlemizde “Bu” kelimesi bir
Stop Wordddr.

2.5.Kok Bulma (Stemming) ve Govdeleme
(Lemmatization)

Turkge gibi eklemeli dillerde, kelimelerin koklerine
indirgenmesi 6nemli bir adimdir. Stemming, kelimenin kokiine
indirgenmesini saglar, 6rnek ciimledeki “arastirmalar” kelimesi
"aragtirma" olarak indirgenir. Lemmatization ise kelimenin
sozliik formuna doniistiirilmesini saglar, 6rnegin "gidiyorum"
kelimesi "gitmek" olarak doniistiiriilir. Lemmatization,
stemming'e gore daha dogru sonuglar verir [2].

2.6.Kelime Gomme (Word Embedding)

Kelime gomme, kelimelerin vektérler halinde temsil
edilmesini saglayan bir tekniktir. Bu adim, kelimelerin
anlamlarim1 sayisal verilerle ifade etmeyi amaglar. Glove,
FastText, ve word2vec gibi yaygin kullanilan kelime gomme
yontemleri, kelimelerin baglamlarin1 anlamak i¢in kullanilir. Bu
yontemler, kelimelerin benzerliklerini ve iligkilerini sayisal
olarak ifade etmeye yardimci olur [5].
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Tablo 1. Kelimelerin On isleme Adimlar

Adim Aciklama

Tokenizasyon Metinlerin kelime veya cumle gibi kiicik parcalara
ayrilmasi

Kicuk Harfe Cevirme Metindeki tiim harflerin kiigiik harfe doniistiiriilmesi

Noktalama Noktalama isaretleri ve 0zel karakterlerin metinden

Temizleme ¢ikarilmasi

Stop Words Anlam  tagimayan sik  kullanilan  kelimelerin

Temizleme ¢ikarilmasi

Kok Bulma Kelimelerin kok veya govde hallerine indirgenmesi

Kelime Gomme Kelimelerin vektorler halinde temsil edilmesi

3. DUYGU ANALIZINDE KULLANILAN
YONTEMLER

Sekil 1. Duygu Analizinde Kullamilan Yontemler ve Araclar
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2020-2023 yillart arasinda yazilmis yirmi sekiz makale ve
tez incelendiginde, iki tanesinin sozliik tabanli, geriye kalaninin
ise makine Ogrenme metotlar1 kullanilarak gelistirildigi
goriilmiistiir. Elde edilen metinler 6n isleme yontemleri ile
anlamlandirilabilir verilere doniistiiriildiikten sonra, metinler
noktalama isaretleri ve baglaglar gibi gereksiz sozciiklerden
temizlenir. On isleme adiminda Glove, FastText, word2vec gibi
kelime gomme araglari kullanildigi goriilmiistiir[6]. Makine
o6grenme metotlarindan Naive Bayes, Lojistik Regresyon, KNN,
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Karar Agaclari, Rasgele Orman metotlart siklikla kullanildigi bu
metotlarin yani sira CNN, RNN, LSTM, GRU gibi derin 6grenme
modelleri ve BERT, RoBERTa gibi 6n egitimli modeller de

kullanildig1 gozlemlenmistir. [2][5][6][7].

Tablo 2. incelenen Cahsmalar ve Kullanilan Yéntemler

Anahtar ; Ana Veri
Bashk Kelimeler Yontem Bulgular Kaynag
Dogal dil
Turkge Otel E;;Inme@; Duven web
Yorumlariyla Egitilen analizi > Duygu ortamindan
Kelime Vektorl Yinelehen Recurrent Pozitif toplanmus
Modellerinin  Duygu S Neural Network  Negatif onayl Tirkge
. b yapay sinir agt,
Analizi ile Word2Vec otel
Incelenmesi [1] Kelime yorumlart
GOomme
Belediye Hizmetlerin Duygu Analizi, Nai_vg Bayes,
Degerlendirilmesinde Mfi Kine . Decision .
Duygu Analizi Ogre_nmes1, Tree,_ Gradient  Olumlu Twitter
Yaklasimi:  Sakarva Turkish  Bert, Boosting ve Olumsuz
il 0rrfe“it4] Ty Twitter, Yerel Random Forest
£ Yonetimler. ve Bert
GUNEY CIN
DENIZ{ .
POLITIKALARI duygu - analizi,
- : dogal dil . olumlu
UZERINE isl aki Flair olumsuz Twitter
TWHTER- ggi::;;lem " Vader tarafsiz
VERILERIYLE b
ANALIZI[5]
TURKGE .
METH\?LERDE Duygu Analizi,
P Derin
DERIN OGRENME =~ - Saldirgan
YONTEMLERI gfsre;‘fnfﬁ edva E'S"TS,JM' Saldirgan  Twitter
KULLANILARAK 0y, ya, Degil
DUYGU BILSTM,
ANALIZI[6] LSTM
Naive Bayes duygu analizi
Simniflandiricist mgkgine ! Pozitif
Kullanilarak SErenmesi Naive baves Negatif Youtube
YouTube Verileri ngive b,a es Y Notr yorumlari
Uzerinden Cok Dilli weka outu)::)e'
Duygu Analizi[2] Y
Tripadvisor
Kullanicilarmin Kullanict
Tiirkge ve Ingilizce  yorumlari, veri TripAdvisor
Yorumlari madenciligi, - - kullanicilarin
. Decision Tree, Pozitif .
Kapsaminda Duygu metin - m Tirkge ve
.. el Random Forest Negatif e
Analizi madenciligi, Ingilizce
Yontemlerinin duygu analizi, yorumlart
Karsilastirmali TripAdvisor
Analizi[3]
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. ROBERTA,
E%r.lt(.lll Dillerde duygu analizi, BERT,
sien metin RoBERTa, Filmler
Doniistiiriici Tabanh -,
Modellerin ~ Trkce .squﬂand.lrvma,. Electra ve POZItn_‘ Hakkinda
Dogal Dil isimlendirilmig ConVBERT,Ber Negatif Kullanict
: . varlik tamima, tEnglish,BertSp Yorumlari
Isleme  Problemleri - .
o baglamsal anish
Uzerinde kelime gdmme
Kargilastirmasi [7]
Siiflandirma
ve Regresyon
5G, COVID- Agaglarn
Sosyal Medyada 19 agisi, duygu  (CART), Naive
Duygu Analizi: analizi, makine Bayes (NB), k- Pozitif Twitter
COVID-19 Siirecinde  6grenmesi, En Yakin  Negatif
5G Algisi[8] siniflandirma Komsuluk
algoritmalari (KNN) ve
Rastgele Orman
(RF)
TURKIYE DEKI K-En akin
SURIYELI Duygu analizi, " ¥
SIGINMACILAR Suriyeli ms
s - Naive Bayes Olumlu
ALGISI: TURKCE siginmacilar, < .
- Karar Agact Olumsuz Twitter
TWITTER . Makine Derin Ogrenme  Notr
VERILERI ILE  &grenmesi, Destek  Vektor
DUYGU Twitter Makineleri
ANALIZI[9]
. cok olumlu,
Twitter  Sentiment E(c;\rlclji_alv?l"ijs olumlu,
Analysis During D . Vader notr, -
- uygu Analizi, Twitter
Covid-19  Outbreak VADER olumsuz,
with VADER[10] Twitter ' cok
olumsuz
BiGRU-CNN Tabanli
]'\D/Ierin_ Ogrenme Covid-19 as1,
odeliyle d 2 .
Tiirkiye’deki Covid- uygu- VanallZl, CNN, Posz_ )
19 derin 6grenme, GRU, ,Negatif Twitter
P Glove, CNN, BiGRU
Asilarina Yonelik BiGRU
Twitter Duygu
Analizi[11]
Naive  Bayes,
Turkiye'de Kripto  Duygu Analizi, Lojistik
Para Farkindaligi ve  Makine Regresyon,
Tutumu: Duygu Qgrenimi, Karar Agaglari, olumlu
Analizi ve Istatiksel Rasgele Orman, olumsuz Twitter
Istatistiksel Analiz ile  Analiz, Kripto Gradyan Atama
Bir Para, Metin  (Gradient
Degerlendirme[12] Madenciligi Boosting) , XG
Boost
Duygu Analizi,
Metaverse ile ilgili NLP, naive Bayes,
Tirkce Dilindeki  Metin lojistik .
Cesitli Sosyal Medya  Madenciligi, regresyon, Olumlu 3:)\/:]?5;6 ve
Platformu Makine destek  vektdor  Olumsuz Yorumlan
Verileri ile Duygu Ogrenmesi, makineleri ,
Analizi[13] Metaverse, rassal orman
Youtube,
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Twitter
KNN,Naive
Film Yorumlari Bayes,Random
Kullanilarak Onerilen IMDB Forest, Gradient
:((gﬁ?gmlzeeka TSBagld Siniflandirma, g%ol\;tlg?g;?nﬁf n Olumlu IMDB  Veri
N Y ESA, Duygu ' Olumsuz Seti
Analizinin Analizi. NLP ant
Gergeklestirilmesi[14 ' Analysis,AdaBo
ost,XgBoost,ES
A
PANDEMI
SURECINDE
TOPLUM Dogal Dil
GORUSUNUN Isleme, Duygu - .
DUYGU ANALIZI  Analizi, N-gram ,F\)IZZ ';'tff Twitter
YONTEMIYLE Textblob, N- g
INCELENMESI: gram, Pandemi
TURKi}(E
ORNEGI[15]
Makine
Ogrenmesi,
Makine  Ogrenmesi (-E-))?rm
ile E-Ticaret Uriin , oronme RNN,LSTM,  Pozitif E-ticaret,
Metin . -
Yorumlarinin Madencilizi GRU, Negatif Uriin
Otomatik adenciigl, CNN Yorumlari
Analizi[16] Trkee
Metinler,  E-
ticaret,  Urlin
Yorumlari
Etkileyen,
SANAL BIR Isr?frlla:ancer Influencer
INFLUENCER D LA N . Pozitif
UZERINE DUYGU gzpai’] Zeka, Sgﬁlgr‘; temelli \egatif |Pnos;$agram
ANALIZI: Ay y Notr
PERA[17] (Sent_lment) Yorumlari
Analizi
(:Joogle Yorumlari '?Al;yk?rl: eAnaI 121,
Uzerinden ~ Makine ;. . Lojistik fc  Anadolu
A Ogrenmesi, P
Ogrenme Derin Regresyon, Bolgesinde
Yontemleri ve . Gaussian Naive yer alan bir
Ogrenme, Olumlu AT
Amazon Comprehend Bayes, Universitemiz
g AWS i Olumsuz -
ile Duygu Comprehend Destek  Vektor icin yapilan
Analizi: i¢ Anadoluda P ' Makinesi Google
] N Google
Bir Universite LSTM yorumlar
Omegi[18] Yorumlari,
g Universite
Lojistik
Twitterda COVID- COVID-19,  hegresyon, K-
En Yakin
19 agilarina  karst  asi, duygu
o . Komsu,,
kamu duyarhiligmin  analizi, . Olumlu
- 9 Destek  Vektor .
¢ogunluk oylama  ¢ogunluk Makinesi Olumsuz Twitter
siiflandiricist oylama - ' Notr
. . Naive  Bayes,
temelli makine  simiflandiricisi,
o .. . XGBoost
Ogrenmesi ile duygu makine
analizi[19] dgrenmesi : Rastgele
Orman,
Sert Oylama ,
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Yumusak
Oylama
Tweetlerin ~ Duygu  Hibrit, Makine SVM Pozitif
Analizi Igin Hibrit Bir ~ 6grenmesi, Hibl’it'SVM Negatif Twitter
Yaklagim[20] duygu analizi
TWITTER .
VERILERI  iLg Makine
+ Ogrenmesi, Random Forest ,
MAKINE . X -
OGRENMESI Duygu Analizi, Linear SVM, Pozitif
CULLANILARAK [0 e oes gt Tt
DUYGU ANALIZI: L -
Duygu Analizi, Boosting
TORKU Twitter
ORNEGI[21]
Tarim hakkinda atilan ~ Metin Pozitif
twee}lgrm duygu  madenciligi, NaiveBayes Negatif Twitter
analizi Duygu skorlari, Notr
degerlendirmesi[22] Tweet, Tarim
Deprem, 06 Seving,
6 Subat Depremi ve  Subat. Keder'
Twitter Duygu Kahramanmara Sozlik Tabanl  Ofke, Twitter
L Calisma Sasirma,
Analizi[23] S, Duygu
analizi, Dil Korku,
' Rahatlama
DERIN
TRANSFORMATO
RLERDEN CIFT
YONLU
KODLAYICI Duygu analizi, bevazperde.c
TEMSILLERI film yorumlart, oo \ektsr Pozitif Or%/'daFr:; ‘
VE DESTEK  BERT, Makineleri Negatif derlenen film
VEKTOR BERTurk, Nétr orumlart
MAKINELERI iLE  derin temsiller Y
TURKCE FILM
YORUMLARI
UZERINE DUYGU
ANALIZ[24]
Metin
madenciligi,
.CQV|D'19 A..Sllan Tweet analizi, Naive Bayes,
icin Turkge L . 1 i Olumlu .
Duygu analizi, Evrigimli Sinir Twitter
Tweetlerle  Duygu COVID-19 Aglar Olumsuz
Analizi[25] &
agilari,
Pandem
Determining Siber zorbalik, Siber
Cyberbullying Status  Twitter, Yapay zorbalik
of Turkish Tweets zeka, iceren , .
with Gpt-3  Metin GPT-3 Siber Twitter
Classification Siiflandirma, Zorbalik
Model[26] GPT-3 icermeyen
Dogal dil
o S . isleme 1, BERT, .
On ~ Egitimli  Dil Duygu analizi, RoBERTa, Negatif )
Modelleriyle Duygu Notr . Twitter
Analizi[27] BERT, BERTweet Pozitif
ROBERTa, Naive Bayes
BERTweet
: .. : Psikoloji
OTIZME YONELIK . . Olumlu .
TURKCE TWITTER &téér;é Sosyal - BERT Olumsuz Twitter
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ILETILERININ Twitter, Dogal
YAPAY Dil isleme.
ZEKA  TEMELLI

DUYGU

COZUMLEMESI[28

1

4. CNN
Sekil 2. CNN mimarisi

Cikin

Cikla

Cikta

Convolutional Neural Networks (CNN) mimarisi, giris
katmani, evrigim katmani, aktivasyon katmani, pooling katmani,
fully connected, flattening katmani ve ¢ikis katmani igermektedir.
Evrisim  katmaninda  Oznitelik  ¢ikarimi  yapilmaktadir.
Aktivasyon katmaninda ise sinyal, dogrusal olmayan bir
doniisiime tabi tutulur. Bu doniisiim sonucunda elde edilen ¢ikti,
bir sonraki néron katmanina iletilir. ReLU, tanh, sigmoid gibi
aktivasyon fonksiyonlar1 yaygin olarak tercih edilir. Havuzlama
katmaninda boyut indirgeme islemi uygulanir ve matrisler tek
diizlemli vektore doniistiirilir [6].
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5. RNN
Sekil 3. RNN model mimarisi

Giris kalmam Gizlikalman 1 Gizlikalman2  Cikes kalmam

Recurrent Neural Networks (RNN), alt sirali ¢iktilar
olustururken oOnceki girdilerin durumlarmi veya 6zelliklerini
hatirlayabilir. RNN'ler, bir metindeki kelimelerin baglaminin ve
sirasinin dogru tahminler yapmak i¢in 6nemli oldugu duygu
analizi ve nefret sOylemi tespiti gibi gorevler icin uygundur [6].

6. LSTM
Sekil 4. LSTM modeli mimarisi

UALTMA RAISE Ginis ks CIkIZ RAPISI
e N\ e
LSTM
iliskisiz Gilneellenmis
bilgiy i unut bilgileri ilet
Veni bilgileri
chleyip
giimeelle

Uzun kisa siireli bellek (LSTM), RNN'ler gibi
tekrarlamali sinir aglaridir. LSTM'ler, duygu analizi ve nefret
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sdylemi tespiti gibi gérevlerde kullanilabilir. Ug kapiya sahiptir:
unutma kapisi, girig kapisi ve ¢ikis kapisi. Bu kapilar sayesinde,
LSTM'ler uzun doénemli bagimliliklar1 daha etkili bir sekilde
Ogrenir [6].

7. BERT

Bidirectional Encoder Representations from Transformers
(BERT), Google tarafindan gelistirilen bir dogal dil isleme
teknigidir. BERT, metindeki kelimeler arasindaki baglami
anlamak icin Transformer adi verilen bir dikkat mekanizmasi
kullanir. Transformerlar, metni okuyan bir kodlayict ve tahmin
ureten bir kod c¢oziiciiden olusur. BERT, sadece kodlayici
kismiyla ilgilenir ve iki farkli yontem kullanir: Maskeli Dil
Modeli (Masked LM) ve iki Ciimlelik Tahmin (Next Sentence
Prediction) [7].

8. SONUC

Tirkge metinlerde duygu analizi yapmak, dilin kendine
0zgll yapist ve zenginligi nedeniyle zorluklar icermektedir.
Ancak, kullanilan yontemlerin cesitliligi ve literatlirdeki genis
yelpaze, bu alanda yapilan caligmalarin degerini ve Onemini
ortaya koymaktadir. Incelenen c¢alismalarda kelimelerin 6n
isleme adimlari, duygu analizi siirecinin 6nemli bir pargasidir. Bu
adimlar, ham metinlerin anlamli ve analiz edilebilir hale
getirilmesini saglar. Tiirkge metinlerde bu adimlarin dogru bir
sekilde uygulanmasi, duygu analizi sonuglarinin dogrulugunu ve
giivenilirligini artirir.  Gelecekte, daha gelismis On isleme
tekniklerinin kullanilmasi, duygu analizinin kalitesini daha da
yiikseltebilir. On isleme adiminda Glove ,FastText , word2vec
gibi kelime araglar1 kullanildig1 goriilmiistiir. Makine 6grenme
metotlarindan Naive Bayes, Lojistik Regresyon, KNN, Karar
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Agaglari, Rasgele Orman metotlar1 siklikla  kullanildigi
bununlarin yanit sira CNN,RNN,LSTM ve GRU gibi derin
o0grenme modelleri ve BERT ve RoBERT gibi 6n egitimli
modellerin de kullanildig1 gézlemlenmistir. Gelecekte, daha fazla
veri seti ve daha gelismis algoritmalar kullanilarak, Tirkce
metinlerde duygu analizi daha da 1iyilestirilebilir ve
genigletilebilir.
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INSAATTA YENILIKCI YAKLASIMLAR:
NANOMALZEMELER
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1. GIRIS

Nanomalzemeler, ingaat sektoriinde cesitli tir ve
ozelliklerde  kullanilarak  yapilarin = performansin1  ve
dayanikliligimi1 artirmaktadir. Karbon nanotlpler (CNT), yiksek
mukavemet ve esneklikleri ile dikkat cekerken, -elektriksel
iletkenlik oOzellikleri de tasimaktadir. Bu sayede beton ve diger
yapt malzemelerinde gli¢lendirici olarak kullanilmaktadir
(Sanchez ve Sobolev, 2010). Grafen, olaganiistii mekanik ve
termal 6zelliklere sahip olup, 6zellikle kaplama malzemelerinde
ve kompozitlerde yaygin olarak kullanilmaktadir (Novoselov vd.,
2004). Nano-silika, betonun mikroyapisin1 iyilestirerek
dayanikliligini artirmakta ve su gegirgenligini azaltmaktadir (Li
vd., 2006). Nano-titanyum dioksit (TiO2) ise fotokatalitik
Ozellikleri sayesinde kendi kendini temizleyen ve hava kalitesini
artiran kaplamalar olusturmak i¢in kullanilmaktadir (Chen ve
Poon, 2009). Bu ozelliklerin yani sira, nanomalzemelerin
kullanim1 ¢evresel siirdiiriilebilirlik agisindan da oOnemli
avantajlar sunmaktadir. Ornegin, kendi kendini temizleyen
ylizeyler ve hava kalitesini arttiran kaplamalar olusturularak hem
bakim maliyetini disiirmekte hem de g¢evresel etkiyi

1 Ogretim Gorevlisi, Batman Universitesi, Teknik Bilimler Meslek Yiiksekokulu,
necim.kaya@batman.edu.tr, ORCID: 0000-0003-1478-761X.
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azaltmaktadir (Chen ve Poon, 2009). Bu tir nanomalzemeler,
ingaat sektoriinde yenilik¢i ¢oziimler sunarak, yapilarin dmriinii
uzatmakta ve performansini artirmaktadir.

2. NANOMALZEMELERIN TURLERI VE
OZELLIKLERI

2.1.Karbon Nanotupler (CNT)

Karbon nanotiipler (CNT), tek duvarli (SWCNT) veya
cok duvarli (MWCNT) silindirik yapida olan, nanometre ¢apinda
ve mikrometre boyutunda, karbon atomlarmin altigen halkalar
halinde diizenlendigi yapilar olarak tanimlanmaktadir (lijima,
1991). Mekanik agidan, CNT'ler, ¢elikten yaklasik 100 kat daha
yiiksek bir mukavemete ve ayn1 zamanda ¢ok daha diisiik bir
yogunluga sahiptir, bu da onlar1 son derece hafif ve giiclii
yapmaktadir (Ajayan, 1999). Elektriksel olarak ise, CNT'ler
yuksek iletkenlik gostermekte olup, bakirdan daha iyi iletkenlik
performansi sergileyebilmektedir (Baughman vd., 2002). Bu
istiin Ozellikleri sayesinde CNT'ler, insaat sektoriinde yapi
malzemelerinin gili¢lendirilmesi ve performansinin artirilmasi
amactyla kullanilmaktadir. Ornegin, betonarme yapilarda
CNT'lerin kullanimi, betonun ¢ekme dayanimini artirarak gatlak
olusumunu engellemeye yardimeci olmaktadir (Yazdanbakhsh
vd.,, 2009). Ayrica, CNT'ler, sensor ve akilli yap1
uygulamalarinda da elektriksel ozelliklerinden yararlanilarak
kullanilmaktadir, bu da yapilarin izlenmesi ve yonetilmesine
yonelik yenilikgi ¢oziimler sunmaktadir.

2.2.Grafen

Grafen, tek bir atom kalinhiginda, karbon atomlarinin
altigen bir kafes yapisinda diizenlendigi iki boyutlu bir
materyaldir (Novoselov vd., 2004). Bu yapi, grafene olagantistii
mekanik, termal ve elektriksel oOzellikler kazandirmaktadir.
Mekanik olarak, grafen celikten yaklagik 200 kat daha giicliidiir
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ve yiksek esneklik gostermektedir (Lee vd., 2008). Termal
iletkenligi, en iyi iletken metallerden bile daha yiiksektir ve
elektriksel olarak ise oda sicakliginda siiper iletkenlik
potansiyeline sahiptir (Balandin vd., 2008). Insaat sektoriinde
grafen, beton, ¢elik ve diger yap1 malzemelerinin gii¢lendirilmesi
amaciyla kullanilmaktadir. Grafen takviyeli beton, artirilmig
¢ekme ve basing dayanimi sunmakta, bu da yapilarin daha
dayanikli ve uzun omiirlii olmasini saglamaktadir (Dimov vd.,
2018). Ayrica, grafenin yiiksek iletkenligi, sensoér ve enerji
depolama cihazlarinda kullanilmasini miimkiin kildigindan, bu da
akilli binalar ve enerji verimli yapi sistemleri ic¢in yenilik¢i
¢ozlmler sunmaktadir (Stoller vd., 2008).

2.3.Nano-Silika

Nano-silika, silisyum dioksitin (SiO2) nanometre
0lceginde pargaciklar halinde bulunmasidir ve genellikle 1 ila 100
nanometre arasinda degisen boyutlara sahiptir. Bu kiigiik
boyutlar1 ve yiiksek yiizey alani sayesinde, nano-silika, yapi
malzemelerinin mikroyapisini onemli Olclide
iyilestirebilmektedir (Jo vd., 2007). Insaat sektoriinde nano-
silika, beton ve harglarda yaygin olarak kullanilmaktadir. Nano-
silika, betonun i¢ yapisina niifuz ederek hidrate ¢imento
partikiilleri arasinda daha siki baglar olusturmakta ve bu da
betonun basing dayanimini ve elastik modiiliinii arttirmaktadir (Li
vd., 2006). Ayrica, nano-silika, betonun geg¢irgenligini azaltarak
su ve kimyasallara kars1 daha dayanikli hale getirmekte, bu da
yapilarin ~ Omrinii uzatmakta ve bakim maliyetlerini
diistirmektedir (Bjornstrom vd., 2004). Bu 6zellikleri sayesinde,
nano-silika katkili betonlar, 6zellikle kopriiler, tiineller ve yiiksek
binalar gibi kritik altyapi projelerinde tercih edilmektedir. Ayrica,
nano-silika, betonun erken dayanim kazanmasini hizlandirarak
ingaat siirelerini kisaltmakta ve i programlarinin daha verimli
yonetilmesini saglamaktadir (Land ve Stephan, 2012).
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2.4.Nano-Titanyum Dioksit (TiO2)

Nano-titanyum dioksit (TiO2), genellikle 1 ila 100
nanometre arasinda degisen boyutlarda bulunan, titanyum dioksit
partikiillerinden olusan bir nanomalzemedir. Yiiksek yiizey alani
ve fotokatalitik Ozellikleri sayesinde, nano-TiO. insaat
sektoriinde ¢esitli yenilikgi uygulamalarda kullanilmaktadir
(Chen ve Poon, 2009). Nano-TiO2'nin en dikkat cekici
ozelliklerinden biri, ultraviyole 151k altinda giiglii oksidasyon
yetenegi gostererek organik kirleticileri ve mikroorganizmalari
parcalama kapasitesidir (Fujishima vd., 2000). Bu 6zellik, nano-
TiO2'yi kendi kendini temizleyen ve hava kalitesini artiran
kaplamalarda ideal bir malzeme haline getirmektedir. Ornegin,
binalarin dis cephelerine uygulanan nano-TiO2 kaplamalar,
yiizeyde biriken kir ve mikroorganizmalarin pargalanmasini
saglayarak bakim maliyetlerini azaltir ve estetik goriiniimiinii
korumaktadir (Poon ve Cheung, 2007). Ayrica, nano-TiOz, beton
ve diger yapt malzemelerine eklenerek, yapilarin yiizeylerinde
fotokatalitik etkinlik saglamakta ve bu da cevresel Kirleticilerin
azaltilmasina yardimet olmaktadir (Jun vd., 2011). Bu Ozellikler,
nano-TiO2'nin ingaat sektoriinde siirdiiriilebilir ve diisiik bakim
gerektiren yap1 ¢oziimleri sunmasinit miimkiin kilmaktadir.

2.5.Nano-Aliimina (Al203), Nano-kil ve Diger
Nanomalzemeler

Nano-alimina  (Al2O3) ve nano-kil gibi diger
nanomalzemeler, ingaat  sektoriinde  ¢esitli  yenilikei
uygulamalarda kullanilmaktadir. Nano-allimina, yuksek sertlik ve
asinma direnci sunmakta ve bu nedenle beton ve harclarda
mukavemet artirict katki maddesi olarak kullanilmaktadir (Bharat
vd., 2015). Betonun mekanik ozelliklerini iyilestirerek c¢atlak
direncini artirmakta ve yapilarin dayanikliligini yiikseltmektedir.
Ayrica, nano-aliimina yangina dayanikli kaplamalarda da
kullanilmakta olup, yangin giivenligini artiran uygulamalar
sunmaktadir (Chowdhury vd., 2013). Nano-kil ise, miikemmel
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bariyer 6zellikleri ve diisiik maliyeti ile dikkat gekmektedir. Bu
malzeme, su gecirimsizlik ve gaz bariyer performansini artirarak
betonun dayanikliligin1 ve 6mriinii uzatmaktadir (Mousavi vd.,
2011). Ayrica, nano-kil katkili betonlar, gevresel etkilere karsi
daha direncgli olmakta ve kimyasal saldirilara karsi koruma
saglamaktadir (Al-Amoudi vd., 2006). Bu nanomalzemeler,
ingaat sektoriinde maliyet etkin ve performansi yiiksek yapi
cOziimleri sunarak, yapilarin Omriinii uzatmakta ve bakim
maliyetlerini azaltmaktadir.

3. NANOMALZEMELERIN BETON VE
HARCLARDA KULLANIMI

3.1.Nanomalzemelerle Betonun Giiclendirilmesi

Nanomalzemeler, betonun  mekanik ve fiziksel
ozelliklerini tyilestirmek amaciyla yaygin olarak
kullanilmaktadir. Ozellikle, nano-silika, betonun basing
dayanimini ve elastik modiiliinii artirarak yapisal performansi
onemli 6lglde yukseltmektedir (Jo vd., 2007). Nano-alimina ve
nano-demir oksit gibi nanomalzemeler de betonun asinma
direncini artirarak yiizeylerin daha dayanikli hale gelmesini
saglamaktadir (Li vd., 2006). Bu nanomalzemeler, betonun
mikroyapisinda daha siki ve homojen bir matris olugturmakta, bu
da mekanik mukavemeti ve dayanikliligi arttirmaktadir (Singh
vd., 2013).

3.2.Catlak Kontrolii ve Onarim

Catlak kontrolii ve onariminda nanomalzemelerin
kullannmi, beton yapilarin Omriinii uzatmak ve bakim
maliyetlerini azaltmak agisindan biiylik avantajlar sunmaktadir.
Karbon nanottipler (CNT) ve nano-kil gibi nanomalzemeler,
betonun ¢ekme dayanimimi artirarak catlak  olusumunu
engellemekte ve mevcut catlaklarin ilerlemesini yavaglatmaktadir
(Yazdanbakhsh vd., 2009). Ayrica, nano-silika katkili betonlar,
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catlaklar1 doldurmak ve onarmak i¢in miikemmel bir malzeme

olup, betonun su gegirgenligini azaltarak yapinin biitiinliigiinii
korumaktadir (Li vd., 2006).

3.3.Kendiliginden Iyilesen Betonlar

Kendiliginden iyilesen betonlar, catlak olustugunda
kendini onarabilme yetenegine sahip betonlardir ve bu 6zellik,
nanomalzemelerle gelistirilerek daha etkili hale
getirilebilmektedir. Ozellikle, nano-kapsul  teknolojisi
kullanilarak beton igine yerlestirilen mikrokapsiiller, ¢atlak
olusumu sirasinda kirilarak i¢lerindeki iyilestirici ajanlar1 serbest
birakmaktadir (Tittelboom vd., 2011). Bu ajanlar, ¢atlaklari
doldurarak betonun biitiinliigiinii yeniden saglamaktadir. Ayrica,
nano-silika ve nano-kil gibi malzemeler, betonun mikroyapisinda
iyilestirici mekanizmalar1 destekleyerek catlaklarin hizli ve etkili
bir sekilde kapanmasina yardimc1 olmaktadir (Qian vd., 2009).

3.4.Dayanikhlik ve Uzun Omiirliiliik

Nanomalzemeler, betonun dayanikliligin1 ve uzun
Oomirliligini artirmada O6nemli bir rol oynar. Nano-silika,
betonun hidratasyon siirecini iyilestirerek daha siki ve dayanikli
bir matris olusturmakta, bu da betonun basing dayanimini ve su
gecirmezligini arttirmaktadir (Bjornstrom vd., 2004). Nano-
allimina, betonun asima ve kimyasal saldirilara kars1 direncini
artirarak yapilarin dmriinii uzatmaktadir (Nazari ve Riahi, 2011).
Ayrica, nano-TiO2 katkili betonlar, ultraviyole 1sik altinda
fotokatalitik Ozellikleri sayesinde yiizeydeki kirleri ve organik
maddeleri parcalayarak yapilarin temiz ve estetik kalmasini
saglamakta, bu da wuzun vadede bakim maliyetlerini
diisiirmektedir (Chen vd., 2011).

73



Miihendislik Calismalart

4, NANOMALZEMELERIN YALITIM VE
KAPLAMA MALZEMELERINDE KULLANIMI

4.1.Is1 Yalitim ve Enerji Verimliligi

Nanomalzemeler, 1s1 yaliimi1 ve enerji verimliligi
saglamak amaciyla yaygin olarak kullanilmaktadir. Nano-
ozellikli aerogeller, cok diisiik 1s1 iletkenlikleri sayesinde
miikkemmel 1s1 yalitimi1 saglamakta ve bu da binalarda enerji
verimliligini arttirmaktadir (Pierre ve Pajonk, 2002). Ozellikle
silika aerogeller, hafif yapilar1 ve yiliksek gozeneklilikleri
nedeniyle binalarda yalittm malzemesi olarak kullanilarak 1s1
kayiplarin1 6nemli 6l¢iide azaltmaktadir (Aspen Aerogels, 2007).
Bu malzemeler, enerji maliyetlerini diisiirerek ¢evre dostu ve
stirdiiriilebilir yapilarin olusturulmasina katki saglamaktadir
(Reim vd., 2004).

4.2.Su ve Nem Yalitimi

Nanomalzemeler, su ve nem yalitimi saglamak amaciyla
da  kullanilmaktadir.  Nano-silika ve  nano-kil  gibi
nanomalzemeler, beton ve harclara eklenerek su gecirimsizlik
Ozelliklerini arttirmakta ve yapilarin suya karsi direncini
guclendirmektedir (Mousavi ve  Al-Mukhtar, 2011). Bu
malzemeler, betonun mikroyapisinda daha siki bir matris
olusturarak suyun penetrasyonunu engellemekte ve yapilarin
Omrind uzatmaktadir (Li vd., 2006).

4.3.Antibakteriyel ve Antifungal Kaplamalar

Antibakteriyel ve antifungal kaplamalar,
nanomalzemelerin kullanimiyla daha etkili hale
getirilebilmektedir. Ozellikle, nano-giimiis ve nano-TiO;, gicli
antibakteriyel ve antifungal Ozellikler sergileyerek yulzeylerde
mikrobiyal biuyumeyi engellemektedir (Dastjerdi ve Montazer,
2010). Bu tiir kaplamalar, hastaneler, gida isleme tesisleri ve
kamu binalart  gibi  hijyenin  kritik oldugu yerlerde
kullanilmaktadir. Nano-TiO2'nin  fotokatalitik  6zellikleri,
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ultraviyole 151k altinda aktif hale gelerek mikroorganizmalarin ve
patojenlerin pargalanmasini saglamaktadir (Fujishima vd., 2000).

4.4 Kir ve Lekeye Dayanikh Yiizeyler

Nanomalzemeler, yiizeylerin kir ve lekelere kars1 direncli
olmasini saglayarak bakim maliyetlerini diisiirmekte ve estetik
gorunimiini korumaktadirlar. Ozellikle, nano-TiO2 kaplamalar,
fotokatalitik aktiviteleri sayesinde yuzeylerde biriken organik
kirleri ve leke olusturan maddeleri pargalamaktadirlar (Poon ve
Cheung, 2007). Bu tiir kaplamalar, dis cepheler, pencereler ve
seramik  yiizeylerde  uygulanarak  temiz  kalmalarimi
saglamaktadir. Ayrica, hidrofobik nano-kaplamalar, suyu
yiizeyden uzaklagtirarak lekelenmeyi ve Kir birikimini
engellemektedir (Wang vd., 1997).

5. NANOMALZEMELERIN CELIiK VE DiGER
METAL YAPILARDA KULLANIMI

5.1.Korozyon Direnci

Nanomalzemeler, ¢elik ve diger metal yapilarin korozyon
direncini artirmada 6nemli rol oynamaktadir. Nano-kaplamalar,
metallerin ylizeyinde koruyucu bir bariyer olusturarak oksijen ve
nemin metal yiizeyine ulasmasm engellemektedir. Ozellikle,
nano-TiOz ve nano-ZnO kaplamalar, korozyon direncini artirmak
icin yaygin olarak kullanilmaktadir (Selvakumar ve Krishnaveni,
2012). Bu kaplamalar, UV 1sik altinda fotokatalitik ozellik
gostererek ylzeydeki Kkirleticileri ve organik maddeleri
parcalamakta, boylece korozyonun baslangicini ve ilerlemesini
engellemektedirler (Fujishima vd., 2000). Ayrica, grafen ve
grafen oksit bazli kaplamalar, milkemmel korozyon koruma
Ozellikleri sunarak metal yiizeylerin uzun Omirlii olmasin
saglamaktadir (Chen vd., 2012).
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5.2.Mukavemet Artirimi

Nanomalzemeler, metal yapilarin mukavemetini artirmak
icin de kullanilmaktadir. Nano-alagimlar ve nano-kompozitler,
metallerin mekanik Ozelliklerini 1iyilestirerek daha yiiksek
mukavemet ve dayaniklilik saglamaktadir. Ornegin, nano-
alimina ve nano-SiC (silisyum karbdr) gibi seramik
nanomalzemeler, metal matris kompozitlerinde kullanilarak
¢ekme ve basma mukavemetini artirmaktadir (Han vd., 2009).
Bu nanomalzemeler, metallerin mikroyapisinda daha siki bir
matris olusturarak catlak ilerlemesini engellemekte ve metalin
yorulma dmriinid uzatmaktadir (Wang vd., 2006).

5.3.Agirlik Azaltma ve Enerji Verimliligi

Nanomalzemeler, metal yapilarin agirhigin1 azaltarak
enerji verimliligini artirmada onemli katkilar saglamaktadir.
Ornegin, nano-aliiminyum oksit ve karbon nanotiipler (CNT) gibi
malzemeler, yiiksek mukavemet ve diislik yogunluk 6zellikleriyle
hafif metal alagimlarinda kullanilmaktadir (Ajayan ve Tour,
2007). Bu malzemeler, Ozellikle otomotiv ve havacilik
endiistrilerinde araglarin agirligini azaltarak yakit tiiketimini ve
karbon emisyonlarin1 diisiirmek amaciyla kullanilmaktadir
(Chung, 2001). Ayrica, hafif metal kompozitler, yapilarin tagima
kapasitelerini artirirken, ayni zamanda enerji maliyetlerini de
diistirmektedir (Bakshi vd., 2010).

6. NANOMALZEMELERIN AHSAP VE DOGAL
MALZEMELERDE KULLANIMI

6.1.Yangin Dayanim

Nanomalzemeler, ahsap ve diger dogal malzemelerin
yangina kars1 dayanikliligini artirmak i¢in kullanilmaktadir.
Ozellikle, nano-aliimina ve nano-silika gibi malzemeler, ahsap
yiizeylerde koruyucu bir bariyer olusturarak yangin sirasinda
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alevlerin ve 1sinin yayilmasini engellemektedir (Shi vd., 2013).
Nano-katmanlar, yiizeydeki yanici gazlarin ve buharlagan
maddelerin salinimin1 azaltarak yanginin yayilma hizin1 kontrol
altina almaktadir (Zhou vd., 2007). Ayrica, nano-kompozit
malzemeler, yangina dayanikliligi artirarak ahsap yapilarin
yangin giivenligini artirmaktadir (Chen vd., 2011).

6.2.Ciiriimeye ve Boceklere Kars1 Koruma

Nanomalzemeler, ahsap ve diger dogal malzemelerin
clirimeye ve boceklere karsi korunmasinda etkili bir rol
oynamaktadir. Nano-bakir ve nano-¢inko oksit gibi malzemeler,
ahsap ylizeylerde antimikrobiyal ve antifungal etki gdstererek
curimeyi onlemektedir (Chen vd., 2009). Ayrica, nano-bor ve
nano-titanyum dioksit, bocek ve haserelerin ahsap yapilar istila
etmesini engellemekte, boylece ahsabin Omriinii uzatmaktadir
(Yang vd., 2009).

6.3.Mekanik Ozelliklerin Iyilestirilmesi

Nanomalzemeler, ahsap ve diger dogal malzemelerin
mekanik ozelliklerini iyilestirmek i¢in kullanilmaktadir. Nano-
recineler, ahsap kompozit malzemelerin dayanikliligini ve
esnekligini artirarak daha saglam ve dayanikli yapilar
olusturmaktadir (Wang vd., 2011). Ayrica, nano-elastomerler,
ahsabin catlak olusumunu engelleyerek ve esnekligini artirarak
mekanik dayanikliligini arttirmaktadir (Chen vd., 2015).

7. NANOMALZEMELERIN iLERI TEKNOLOJi
UYGULAMALARI

7.1.Akillh Malzemeler ve Yapilar

Nanomalzemeler, akilli malzemeler ve yapilarin
gelistirilmesinde 6nemli bir rol oynamaktadir. Ozellikle, nano-
Olcekli karbon lifleri ve sekil hafizali alagimlar gibi malzemeler,
cevresel kosullara yanit veren ve sekil degistiren akilli
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malzemelerin iiretiminde kullanilmaktadir (Koziol vd., 2007). Bu
tiir malzemeler, binalarda ve altyap1 projelerinde kullanilarak
yapilarin otomatik olarak sekil degistirmesini saglamakta ve
bdylece enerji tasarrufu ve yapisal giivenlik saglamaktadirlar
(Agarwal vd., 2017).

7.2.Enerji Uretimi ve Depolama

Nanomalzemeler, giines pilleri, yakit hiicreleri ve batarya
teknolojilerinde enerji iiretimi ve depolama kapasitesini artirmak
icin kullanilmaktadir. Ozellikle, nano-yapili perovskitler, giines
151811 daha verimli bir sekilde absorbe ederek glines enerjisi
dontigim verimliligini artirmaktadir (Jeon vd., 2015). Ayrica,
nano-lityum iyon piller, daha yiiksek enerji yogunlugu ve daha
uzun Omiir saglayarak enerji depolama sistemlerinde
kullanilmaktadir (Whittingham, 2004).

7.3.Cevresel Siirdiiriilebilirlik ve Yesil Binalar

Nanomalzemeler, ¢evresel siirdiiriilebilirlik ve yesil bina
uygulamalarinda 6nemli bir rol oynamaktadir. Nano-boya ve
nano-kaplama teknolojileri, yapilarin yiizeylerini kirlenmeye ve
hava kirliligine kars1 koruyarak temiz kalmasini saglamaktadir
(Harris vd., 2013). Ayrica, nano-filtreler ve nano-katalizorler, i¢
mekan hava Kkalitesini iyilestirmekte ve enerji tuketimini
azaltmakta, bdylece cevre dostu ve strdurtlebilir bina ¢ozimleri
sunmaktadir (Vatanpour vd., 2016).

7.4.Sensorler ve izleme Sistemleri

Nanomalzemeler, sensorler ve izleme sistemlerinin
gelistirilmesinde kullanilmaktadir. Nano-teller ve nano-dalga
kilavuzlar1 gibi malzemeler, yiiksek hassasiyetli ve hizli tepki
veren sensorlerin tiretiminde kullanilmaktadir (Cui vd., 2001).
Ayrica, nano-kompozit malzemeler, yapisal saglamlig1 izlemek
ve yapisal hasari tespit etmek i¢in kullanilan akilli sensorlerin bir
pargast olarak kullanilmaktadir (Zhu vd., 2003).
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8. GELECEKTEKIi ARASTIRMA ALANLARI VE
YENILiKLER

Gelecekteki  aragtirma  alanlar1  ve  yenilikler,
nanomalzemelerin islevselligini ve uygulanabilirligini artirmaya
odaklanacaktir. Ozellikle, nano-yapilarin tasarimi ve sentezi,
daha karmagsik yapilar ve ozelliklerin elde edilmesine olanak
taniyarak malzeme performansini iyilestirecektir (\Volder vd.,
2013). Ayrica, nanomalzemelerin biyo uyumlulugu ve ¢evresel
etkileri ~lizerine daha fazla arastirma yapilacak ve
nanomalzemelerin insan sagligina ve cevreye olan etkileri daha
iyi anlasilacaktir (Lam vd., 2004). Nanomalzemelerin
biyomedikal, enerji, ¢cevre ve elektronik gibi farkli endiistriyel
alanlardaki uygulamalar1 da genisleyecek ve bu alanlarda daha
etkili ¢oztimler sunulacaktir (Sundararaj vd., 2009).

8.1.Nanomalzemelerin insaat Sektoriindeki
Potansiyeli

Nanomalzemelerin  insaat sektoriindeki potansiyeli
oldukca blylktir ve gelecekte daha da onem kazanacaktir.
Ozellikle, nano-kompozit malzemelerin gelistirilmesi, yapilarin
dayanikliligini artirarak daha giivenli ve uzun omiirlii yapilarin
inga edilmesine olanak saglayacaktir (Jiang vd., 2016). Ayrica,
nano-yalitim malzemeleri, enerji verimliligini artirarak yesil bina
uygulamalarinda daha yaygin olarak kullanilacaktir (Yang vd.,
2017). Nanoteknoloji, insaat sektoriinde daha siirdiiriilebilir ve
cevre dostu ¢oziimlerin gelistirilmesine yardimci olacak ve
gelecekteki yapilarin daha akill, giivenli ve ¢evre dostu olmasina
katk1 saglayacaktir (Oprisan vd., 2018).

9. SONUC

Nanomalzemeler, insaat sektoriinde giderek artan bir
oneme sahiptir. Bu malzemelerin benzersiz 6zellikleri ve gesitli
uygulamalari, yapilarin  dayamkliligini  artirmak, enerji
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verimliligini artirmak, ¢evresel siirdiiriilebilirligi desteklemek ve
yapilarin daha uzun 6miirlii olmasini saglamak gibi bir¢ok fayda
saglamaktadir. Gelecekte, nanoteknoloji ve malzeme bilimi
alanindaki ilerlemeler, nanomalzemelerin daha genis bir kullanim
alanina  sahip olmasimmi1  saglayacaktir. ~ Sonu¢  olarak,
nanomalzemelerin insaat sektoriindeki rolii, gelecekte yapilarin
daha akilli, daha giivenli ve daha siirdiiriilebilir olmasina katkida
bulunacaktir ve nanomalzemelerin kullanimi artacaktir. Bununla
birlikte, nanomalzemelerin ticari 6l¢ekte daha yaygmn kullanimi
icin maliyet-etkin tiretim yontemlerinin gelistirilmesi ve ¢evresel
etkilerinin daha 1iyi anlagilmasi gerekmektedir. Ayrica,
nanomalzemelerin biyolojik ve cevresel etkilerinin daha iyi
anlasilmasi, gilivenlik ve regiilasyon konularinda daha fazla
arastirma ve gelistirme gerektirecektir.
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DETERMINATION OF THE STATISTICAL
RELATIONSHIPS BETWEEN WATER
QUALITY PARAMETERS OF KARASU

STREAM, MUS/TURKEY
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1. INTRODUCTION

Surface water quality has become more important
worldwide because it is required for agriculture, ecosystem and
human health (Jiang et al., 2023; Garcia Avila et al., 2023).
Surface waters are affected poorly in terms of water
characteristics and quality by being under several factors such as
urbanization, industrialization etc. (Tiri et al. 2018; Goher et al.
2014). The water quality control, which is obligatory especially
for surface waters, is provided by the relevant government
institutions. As a result of surface water quality analysis and the
reason why the quality of such waters is low or poor and even the
water becomes unusable by disrupting its quality is mostly the
increasing pollution problems (Walker et al., 2019; Igwe et al.,
2017). Water pollution take place the changes of water structure
because of human effects on ecological balance. This
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phenomenon occurs in surface waters, effect by the
anthropogenic, dissolution of minerals and physical indicators
(Akoto et al., 2021; Li et al., 2022; Gad et al., 2023). Domestic
and industrial wastes are discharged to surface waters without
treatment and also by the transportation of chemicals used in
agriculture to the aquatic environment (Kumar et al., 2021; Islam
et al., 2020). In addition, the increase in the amount of nutrients
in detergents coming to surface waters due to the effect of
household wastewater and municipal sewage causes algae
explosion and ecosystem are severely affected in these waters
(Varol, 2020; Khatri and Tyagi, 2015; Armah et al., 2010; Brabec
et al., 2002; Bilotta and Brazier, 2008). In addition, industrial
wastes which discharge directly or indirectly are affect the water
quality (Alam et al., 2007). In order to minimize or eliminate such
problems, water quality inspection is required (Ouyang, 2005;
Ouyang et al., 2006).

The concentrations of various parameters, diversity of the
creatures living in the water systems, and the effect of all system
components are the seasonal and local variables that are used to
define water quality (Sarda and Sadgir, 2015). Although this
statement can be used for all water resources, it is very difficult
to analyze it by mentioning a general water quality for all waters.
For this reason, the water source is determined with it is in a close
- open system, or it is fresh - salt water, the purpose of use is
different effects. Situations such as over-used freshwater
resources and the discharge of pollutants in surface waters
negatively affect water quality (Alberto et al., 2001; Singh et al.,
2004; Venkatramanan et al., 2014). After determining the water
source, for example, the surface water such as lakes, rivers and
streams etc. The obtained data, it is necessary to classify the water
quality in the relevant regulation, monitoring the amount and the
systematical measures to be taken to achieve the available quality
water (Brabec et al., 2002).
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Analyzing such a large data set will be very difficult and
complex, as a large number of samples are required to determine
water quality (Griensive et al., 2006; Kar and Leblebici, 2020).
Many data collected can provide important information for water
characteristics and quality. Therefore, information should be
supported by modeling and statistical analysis to conduct water
quality analysis (Estévez et al., 2019; Geissen et al., 2015; Penas
et al., 2023; Schéfer et al., 2022). Statistical analysis of the data
is important for making a effective decision about determining
the parameters that cause pollution. Furthermore, data analysis
helps identify the pollutant responsible for the change in water
quality parameters (Ganiyu et al., 2018; Gyimah et al., 2020;
Barakat et al., 2016; Kar and Leblebici, 2020). Parametric
analyzes such as descriptive, normality, correlation and
regression are used for normally distributed data. The design and
explanation of this chapter is to analyze the surface water quality
of Karasu stream (Mus/Turkey) and obtain statistical relations
between the parameters affecting the water quality. In the light of
important parametric analysis, it is to suggest studies that can be
done to prevent pollution by looking at the factors.

2. MATERIALS AND METHODS
2.1.Description of Study Area (Karasu Stream)

Karasu stream is one of the important tributaries of the
Firat River and it is a significiant water source for irrigating the
Mus plain. Karasu stream arises from Giiroymak town of Bitlis
city (Turkey) and it enters in the south of Mus city (Turkey). The
stream length is up to 68 km and it flows in the northwest-
southeast (NW-SE) direction (Figure 1). The feeding water
resources of Karasu are Abdulbahar water which is 27 km long,
with the view from Daraliova water, Keleres water which is 35
km long rising from Kazana Hill, Car and Karni. Karasu stream
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covers the Mus plain which joins the Murat River near Mus city
after approximately 70 km of flow and leaves the plain through
the Geng gorge. The basin has a continental climate and an
important amount of rain falls during spring months after
significiant amount of snow falls during the winter months. Falls
rain waters and melting snow waters play an important role in the
flow of the Karasu Stream. Although the Karasu Stream passed
through mostly agricultural areas the appearance of the stream
water changes to cloudy in the spring, due to melting of the snow
and the increase in the flow with rainfall. The stream is observed
more clearly in the summer and autumn months because of
decrease of the turbidity. In the winter, the flow rate and the
turbidity increase with the rain and snowfall increases and these
changes in water differ where other resource contributions occur.

Figure 1. Study area of Karasu stream (Mus/Turkey)

Earth

2.2.Water Quality Parameters and Statistical
Analysis Steps

Sampling, measurement and analysis from Karasu Stream
were carried out by Directorate of State Hydraulic Works (DSlI,
Van/Turkey). The samples were taken from surface water
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discharge of Karasu Stream pouring in Murat river. Taken and
analyzes of water samples for determined data were carried out
from DSI on a single point for the June, August, October months
of 2016 — 2019 years (Figure 2). Water quality assessment can be
done using the physical, chemical and biological parameters. The
method used in this study was carried out with twenty two water
parameter values of the Karasu Stream flowing in the provincial
borders of Mus and, the quality classes were evaluated to the
Turkish Surface Water Quality Regulation (TSWQR, 2015). The
water quality parameters; nitrite (NOt), nitrate (NOs™),
ammonium (NH4*1), sulphate (50472), phosphate (PO47%), chloride
(CIY), fluoride (F1), sodium (Na*l), potassium (K*1), calcium
(Ca*?), magnesium (Mg*?), total hardness (TH), pH, turbidity,
electrical conductivity (EC), total dissolved solids (TDS),
suspended solids (SS), dissolved oxygen (DO), oxygen saturation
(S0O»), chemical oxygen demand (COD), permanganate index (PI)
and color values.

The water samples were collected in plastic bottles and
stored in a cooler during transportation to the laboratory before
analysis. Temperature, EC, and pH were measured using a pH
meter. The water samples were filtered with a 1.2 um filter and
NO,1, NOs! NH4*t SO42 PO42 CI,, F, Na*t, K*, Ca*?, Mg*
were analyzed using ion choromotography, TH, COD and PI were
analyzed using titrimetric method, DO and SO, were measured
with DO meter, TDS and SS were determined with gravimetric
method, turbidity was obtained with turbidimetric method, and
color was measured with spectrophotometric method, the BOD
was measured based on the oxygen depleting potential of an
organic load and the procedures followed the Standard Analytical
Methods for water quality (APHA, 2005). Each sample was
analyzed two times and average values were obtained for
statistical analysis which were carried out after determining the
water quality class of Karasu Stream based on the TSWQR, 2015.
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The statistical analyzes were carried out to explain the
mutual relationship between water parameters and the
environmental system, it is select a program that can give the
required analysis (Kale et al., 2020). All statistical analyzes were
carried out with Minitab and MS Excel. The parametric and non-
parametric data distribution, which is the first and the most
important controls of the data set was examined. It was
determined whether the data set has a normal distribution by
looking at the p values with normality and probability graphics.
While parametric analyzes are made after normal distribution,
analyzes based on non-parametric modeling are performed for
non-normal distributions. For this reason, parametric tests were
applied for the data set for which are showed normal distribution.
In order to obtain the water quality at the sample point of the
Karasu Stream with descriptive statistical analysis were provided
by important outputs (mean, standard deviation, skewness,
agglomeration, etc.). The annual changes of each parameter were
observed with trend analysis and relationships between
parameters were examined with correlation analysis which
indicator is the Pearson correlation coefficient (r). r values are
explained with the variables have the best correlation between
them is 1.00, very high correlation is 0.90, high correlation is
0.70-0.80, an average correlation is 0.50-0.60, weak correlation
is 0.40 or lower, and no correlation is 0.20 or lower (Turan and
Aldemir, 2023).

3. RESULTS AND DISCUSSION

The evaluation of water quality was made according to the
TSWQR, 2015 by looking at the average values of the parameters.
The results of descriptive statistics which were made with the
Minitab are shown in Table 1. The results were compared with
the TSWQR and deviation, variance,  skewness,
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kurtosis/agglomeration, and mean squares of differences (MSSD)
values were determined. Considering the descriptive statistics
results in Table 1 and according to TSWQR Karasu Stream has
class | water quality with most of the parameters which are nitrate,
ammonium, sulphate, chloride, fluoride, sodium, pH, EC,
temperature and PI, class Il for phosphate, dissolved oxygen,
saturated oxygen, BOD, color) and class IlI for nitrite. DO and
pH values used in this study are thought that the contaminating
effect is low and the negative effect of these parameters on
surface water creatures is negligible (Ate and Mutlu, 2006; Serdar
et al., 2005). As in similar studies, even if surface water is not
drinking water, irrigation and so on. It can be said that it can be
used for different purposes (Gedik et al., 2010; Mutlu 2013). As
a result of basic statistical calculations, it has been observed that
the Karasu stream is Class | water quality for the most of
parameters without any important pollution problem.

Multivariable statistical analyzes were used to evaluate
the status of water quality parameters (Oujidi et al., 2020). The
water quality assessment of Karasu Stream pH, temperature,
conductivity, ammonium and nitrate nitrogen, flouride
parameters were found to be great importance Class | and
dissolved oxygen, oxygen saturation, biochemical oxygen
demand (BODs), color, sulphate, chloride, sodium, TDS and SS
were found to be Class Il. The pH values of the stream water
exhibited a neutral characteristic around 7.5 on average. The
average values of the calcium and magnesium parameters of hard
water due to its characteristics higher than other regions of
Turkey. The hard water characteristics are explained by the rock
types of waterbed, geographic locations with climate changes,
natural disasters, volcanic movements and season conditions (Lei
et al., 2021; Stone et al., 2016). The water quality parameters
(mg/L); TOC 2.77, TH 115.45, TA 154.21, P1 1.93, EC 33.3, Mg
9.1, and Ca 31.1 were determined as mean values. The contents
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of some indicators, such as phosphate, ammonium, nitrate, nitrite,
sulphate ions are high, which are demonstrated to agricultural
activities.

Figure 2. Different views of Karasu Stream passing through for
the related season
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Figure 3. Time dependent indicator of water quality parameters
for Karasu Stream
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Figure 4. Probability-Normality outputs of water quality
parameters for Karasu Stream
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Trend analysis method is suitable for evaluated water
quality, explain time related changes and identifying sources of
pollution (Kar and Leblebici, 2020). Trend analysis that shows
the distribution of time dependent parameters on the basis of
annual time for Karasu Stream given in Figure 3. The
distributions of TDS, bicarbonate, calcium carbonate, SO, and
TA values were larger and clearer than other parameters which
were not change much during the years. The results show that
seasonal variations highly effect the TDS, TA, SO., calcium
carbonate, concentrations for the surface water. Time-dependent
indicators were showed that TDS concentration decreases due to
precipitation in the winter in April an increase in TH, in the
summer and autumn months, in October 2018, TDS and TH
shows a decrease compared to the previous months. The SO
values in the dry season are low, with the Pl measured at the same
values as the highest average. The eutrophication values for
surface waters and their effects were evaluated (Oujidi et al.,
2020; Li et al., 2018; Njuguna et al., 2020). But in this research
evaluation of the eutrophication values were not exceeded based
on the standart values (TSWQR, 2015) for Karasu Stream.
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Table 1. The basic statistics of parameters for Karasu Stream

Variable Mean | StDev |Variance|Skewness|Kurtosis|MSSD
Temperature (°C) 23.16 | 4.00 | 16.00 0.12 -1.52 | 14.61
pH (23 °C) 7.5358|0.3322| 0.1104 1.93 5.00 (0.0772
Conductivity, (mS/m) 33.300| 2.785 | 7.756 0.41 -0.67 |6.284
Total Dissolved Solid, (mg/L) {233.10| 19.50 | 380.06 0.41 -0.67 |307.92
Sodium, (mg/L) 25.78 | 5.79 | 3354 -0.69 0.34 |33.56
Potassium, (mg/L) 6.076 | 1.454 | 2.114 -0.88 0.63 |2.293
(Trgg’}'l_;'ard”ess (CaCO). 111545/ 1838 | 337.60 | 098 | -0.05 |247.42
Calcium, (mg/L) 31.17| 5.64 | 31.79 0.71 -1.00 |25.74
Magnesium, (mg/L) 9.134 | 1.725| 2.976 1.49 2.89 |2.068
Bicarbonate, (mg/L) 188.13| 11.06 | 122.42 0.09 -0.97 |110.82
(Tr%?'l_)A'ka“”“y(CaCOS)' 15421| 9.07 | 8225 | 009 | -0.97 |74.45
Chloride, (mg/L) 9.162 | 2.335| 5.454 251 8.15 |4.428
Sulphate, (mg/L) 10.41| 458 | 20.95 2.42 577 |14.27
Ammonium, (mg/L) 0.1006|0.1368| 0.0187 2.02 3.64 (0.0233
Nitrite, (mg/L) 1.197 | 3.178 | 10.098 341 11.71 [11.162
Nitrate, (mg/L) 5532 |2.283| 5.213 0.42 -1.36 | 6.169
Phosphate, (mg/L) 0.2167|0.0623| 0.0039 1.24 3.42 |0.0061
Fluoride, (mg/L) 0.6275|0.3361| 0.1130 0.43 -0.41 |0.1469
Suspended Solids, (mg/L) 39.58 | 29.95 | 896.81 0.43 -1.15 |743.95
Dissolved Oxygen, (mg/L) 6.865 | 2.284 | 5.218 1.39 2.04 |3.252
Oxygen Saturation, (%) 87.0 | 353 | 1242.8 1.67 3.08 |846.0
Biochemical Oxygen Demand, 592 | 355 | 1263 052 025 | 855
(BODs)

Permanganate Index, 1933|1.090| 1189 | 017 | 027 |0.742
(mgO2/L)

Color (Pt-Co) 33.50 | 57.1 | 3260.8 2.08 3.57 |3754.9
Turbidity, (NTU) 29.83|25.01 | 625.61 1.03 -0.14 |465.82
Total Organic Carbon, (mg/L) | 2.772 | 3.075 | 9.454 3.33 11.33 |5.179
Ammonium Nitrogen, (mg/L) |0.0746|0.1038| 0.0108 2.17 4.33 (0.0117
Nitrate Nitrogen, (mg-N/L) 1.194 1 0.462 | 0.214 0.27 -0.56 |0.231
Nitrite Nitrogen, (mg-N/L) 0.365 | 0.967 | 0.934 341 11.71 |1.032
Carbonate, (mg/L) 0.750 | 2.598 | 6.750 3.46 12.00 |7.364
Hydrogen sulphur, (mg/L) 3.39 | 431 | 18.60 1.73 * 27.90
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Figure 5. Boxplots of low, mid and high concentrations for Karasu
Stream
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Figure 6. Summary report of BODs, SS, TA and calcium

carbonate parameters
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The summary reports of BODs, SS, TA and calcium
carbonate parameters are examined the most visible differences
based on the results of trend analysis, and their support the
distribution histogram, Box & Whisker plot and Anderson-
Darling normality results and with the distribution curves are
given in Figure 6. The summary reports in Figure 6, it is seen that
the concentrations of TA and calcium carbonate have the same
outputs and the monthly sample data are show a normal
distribution in the histogram of all data. Outlier test was carried
out by examining normality and probability distribution charts
and the most of data were distributed normally. The outlier values
were removed the data for the extraction of values due to any
errors caused by different effects such as sampling, experimental
or instrumental analysis, seasonal and climatic changes. The
regression analysis performed after the outlier values were
removed from the data and the normally distribution parameters
were used to ensure the reliability.

The normality outputs which are given in Figure 7,
calcium carbonate which is parameter that has an effect on
hardness are in normal distribution, and CI is in non-normal
distribution. The distribution of data was examined by the normal
curve from the figure and compare the parameters according to
the p <0.005 values. The turbidity concentrations in the surface
waters of Karasu Stream are generally high and Cl shows a non-
normal distribution, which is, shown an irregular distribution.
There have been changes due to precipitation in season transitions
which were shown in Figure 7. Due to the proximity of Karasu
Stream to domestic areas, it is estimated that some mixed
substances effected the water turbidity. Outlier parameters were
determined because of eliminate the errors from the data in the
continuation of the analysis. Since it will not give healthy results
for unnormal parameters, it will not be used in equation
regression analysis. BODs, pH, sodium, potassium, calcium,
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magnesium, flouride, dissolved oxygen, conductivity, total
dissolved solids, turbidity, suspended solids are normal and other
parameters are unnormal distributed.

Pearson correlation analysis was performed to determine
the relationships between water quality (Alam et al., 2021; Deng,
2019). It was seen that the interrelated parameters with high
correlation values are given in Table 2. Pearson's correlation
coefficient which is given in Eq. (1) was calculated for determine
the relationship between parameters (Howladar et al., 2021,
Zanotti et al., 2019);

_ nXxy) — (E0Qy)
xy =
JnSx - G0 nEy? - Gy

€y

n is sample size and x, y values are sample points. The
results in Table 2 which is given below, the positive correlation
analysis was made in the range of 0.70-1.0, and the highest
correlation between total dissolved solid-electrical conductivity
r = 1.00, total alcalinity-bicarbonate r = 1.00, potassium-sodium
r = 0.988 and dissolved oxygen-oxygen saturation r = 0.977,
calcium-total hardness r = 0.938, total organic carbon-cloride r =
0.918. The obtained highest correlation between TDS and EC can
be explained by the sources of materials in TDS and EC come
from nature for example goelogical conditions with seawater and
from human activities caused from different wastes (Rusydi,
2017). The high correlation between Ca and hardness can be
explained by the regions with high altitude, which depend on
geographic location, have hard waters. In addition, it is known
that Ca, Mg hardness causes formation of diseases such as
calcification and blockages in the lime layer formed in the pipes
or transmission lines. The obtained results were showed that the
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DO has a high correlation with SO,. The negative correlation
values between 0.6-1.0; nitrite-color r = -0.72 and SO2-K, r = -
0.74 parameters. The negative correlation of K with SO; is
predicted to be caused by the chemical reactions of the mineral.
The parameters with high correlations were selected and used for
studies in regression analyzes. The R? values which are calculated
with Eq. (2) showed the square of correlation coefficient through
the x and y values. Table 2 represents the interactive correlations
between water quality metrics based on high R? values (0.7 - 1.0)
that were generated by MS Excel.

/ nQxy) — (X)X y) \2
\J[nzxz el Iyt - @l

(2)

R?* = (rxy)z =

The highest results of Table 2; total dissolved solid-
electrical conductivity R? = 1.00, total alcalinity-bicarbonate R?
= 1.00, potassium-sodium R? = 0.976 and dissolved oxygen-
oxygen saturation R? = 0.954, calcium-total hardness R? = 0.879,
total organic carbon-cloride R? = 0.843. The results of the
analysis that R? values of chloride-phosphate and magnesium-
total hardness relations decrease-increase in direct proportion to
the correlation table (Table 2).

103



Miihendislik Calismalart

Figure 7. Normal probability distribution with p-values for BODs,
TDS and ClI
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The statistical analyzes, were showed that while seasonal
transitions and climate changes as the main factor and
anthropogenic activities affect the Karasu Stream as a factor.
These effects change the chemical structure of the stream water
established interaction between ions by rainfall which effect the
natural balance of the water (Dimri et al., 2021; Fooladi et al.,
2021; Han et al., 2020; S. Varol, 2020). The changes of water
quality parameters are generally depend on dissolved and
suspended solids, soluble salts, nutrients, organic substances.
Also fertilizers and pesticides used in agriculture and household
wastes have an effect on water pollution (Ustaoglu, 2020; Alver
and Bastiirk, 2019; M. Varol, 2020b). The quality of water is
effected by the changes of many parameters which given in the
Table 2 (Colt, 2006; Delpla et al., 2009; Chang, 2008).

The last statistical outputs in this research, for
development equation with regression analysis was applied
between the relevant parameters for determine the relationships
between these variables. Regression analysis generally examines
the linear relationship between variables. In the regression
equation, there is a coefficient (a) and slope values (b, b>...) that
intersect the dependent variable and independent variables (X1,
X2...), which is an answer (y) as given in Eq. (3).

y=a+b1x1+b2x2+-" (3)

Regression equations for water quality permit to the best
estimate an output value as it is associated with different
parameters. p and R2 values were checked for the created
equation. Since the p values are lower than 0.05 and the R2 values
are close to 100% give the highest trustworthy result with the
lowest error with the higher p values were reduced. The best fits
of the estimation was selected for the expresses the concentrations

108



Miihendislik Calismalart

of the parameters with the output value in the equation in terms
of water properties (Kamal, 2018). The equations which have
higher than 0.90 of the R2 values determined with the regression
analysis are given in Table 3. According to the regression
analysis, it is understood by the support of the equation that
magnesium affects the hardness together with calcium. The
parameters of total hardness, calcium and magnesium equations
are effected each other as shown in the previous studies (Soyaslan
and Hepdeniz, 2020). In this study, it was possible to suspended
solids represent with calcium, magnesium, potassium and
conductivity. The equation of BOD was examined, and sodium,
potassium, calcium, magnesium, parameters were obtained to the
related with BOD. The equation of suspended solids, was related
to the high total hardness, calcium and magnesium parameters
found in the Karasu Stream. Along with the positive correlations
between total hardness and calcium with magnesium parameters,
they were determined that the highest dependent variables in the
total hardness equation in Table 3 (Kamal, 2018). In other
analysis results, the sodium, calcium, magnesium, sulphate, total
hardness and conductivity parameters were effected the turbidity;
temperature, conductivity, sodium, calcium, magnesium, total
alkalinity, chloride and floride parameters were effected the total
organic carbon; temperature, conductivity, sodium, potassium,
total hardness, calcium, magnesium, total alkalinity, chloride and
floride were effected the biochemical oxygen demand. It has been
found that calcium is associated with magnesium most of the
developed regression equations. DO is the best parameter for
demonstrate water quality because aquatic life devolve on DO to
metabolize nutrients. Turbidity is the most visible parameter of
water quality which is used for explain the clarity and suspended
solids in water come from erossion, sediments and algal blooms
(Gholizadeh et al., 2016).
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Table 3. The equations of regression analysis results with R2>%90
values

Regression equations R? R%*(adj) R?(pred)

Temperature (T) = -6.1 + 2.49 Potassium + 5.9 Total Hardness - 15 Calcium - 21 Magnesium - 93.17% 91.43% 90.86%
86.6 Phosphate + 160.5 Ammonium nitrogen + 9.84 Nitrit nitrogen + 2.688 Dissolved oxygen -

187.6 Ammonium

Total Organic Carbon (TOC) = 9.31 + 0.2436 Temperature - 0.7376 Conductivity - 0.1012 99.80% 99.28%  93.12%
Sodium + 0.0842 Calcium + 0.767 Magnesium - 0.0671 Total Alkalinity + 1.5044 Chloride + 3.083

Floride

Biochemical Oxygen Demand (BODs) = 88.0 + 3.529 Temperature - 7.12 Conductivity - 6.44 98.95% 88.44% 76.41%
Sodium + 18.66 Potassium + 410.5 Total Hardness - 1025 Calcium - 1680 Magnesium - 0.373 Total

Alkalinity + 4.807 Chloride + 39.58 Floride

Ammonium Nitrogen = -0.0007 - 0.000046 Total Hardness + 0.000142 Turbidity + 0.7858 99.35% 99.10%  99.02%
Ammonium

Nitrite Nitrogen = 25.31 + 1.2086 Temperature - 2.613 Conductivity - 2.667 Sodium+ 6.675 99.98% 99.79%  48.23%
Potassium + 151.76 Total Hardness - 379.0 Calcium - 620.4 Magnesium + 1.5697 Chloride + 14.220

Floride - 2.50 Phosphate

Sulphate (SO4?)= -20.41 - 1.674 Potassium - 72.0 Total Hardness + 179.9 Calcium + 299 98.80% 96.71%  78.94%
Magnesium + 2.250 Chloride + 5.52 Floride - 14.69 Ammonium nitrogen

Sodium (Na*) = 10.70 + 2.852 Potassium + 0.1965 Total Hardness - 0.730 Calcium - 18.71 99.91% 99.67%  94.43%
Phosphate - 41.8 Ammonium Nitrogen + 0.4148 BOD - 0.2688 TOC + 33.7 Ammonium

Ammonium (NH,*) = 0.0099 + 1.2726 Ammonium nitrogen + 0.00966 Dissolved oxygen - 99.44%  99.12%  94.22%
0.000698 Oxygen Saturation (%) - 0.00130 TOC

Total Hardness (TH) = 0.0022 + 2.49592 Calcium + 4.12137 Magnesium + 0.0859 Phosphate - 100.00% 100.00% 100.00%
0.0947 Ammonium nitrogen + 0.000215 Turbidity - 0.00439 Total Organic Carbon

Calcium (Ca*?) =-0.00831 + 0.400635 Total Hardness - 1.65108 Magnesium + 0.0282 Ammonium 100.00% 100.00% 100.00%
nitrogen + 0.001304 Total Organic Carbon

Magnesium (Mg) = -0.00538 + 0.242653 Total Hardness - 0.605611 Calcium + 0.01825 100.00% 100.00% 100.00%
Ammonium nitrogen - 0.000430 Biochemical Oxygen Demand + 0.001095 Total Organic Carbon

Turbidity = - 297.2 + 6.80 Conductivity + 2.886 Sodium - 438 Total Hardness + 1100 Calcium + 95.84% 90.85%  79.46%
1786 Magnesium + 4.673 Sulphate

Suspended Solids (SS) = 163.6 + 9.06 Conductivity + 24.14 Potassium- 661 Total Hardness + 1651 98.96% 96.19% 68.86%
Calcium + 2709 Magnesium - 17.88 Chloride - 96.9 Floride + 5.48 Sulphate

Dissolved Oxygen (DO) = 17.33 - 0.864 Sodium + 1.51 Potassium - 110.0 Total Hardness + 274.8 99.13% 95.23%  56.49%
Calcium + 455.0 Magnesium + 3.560 Chloride + 6.815 Floride - 1.759 Sulphate - 20.25 Phosphate

* Note: The units of WQ parameters are as shown in Table 1.

4. CONCLUSION

Karasu stream is one of the significiant tributaries of the
Firat River and it is an important water source for irrigating the
Mus plain. Karasu stream passes through residential areas,
agriculture and husbandry activities are carried out around the
flow line. In this research, twenty two physicochemical
parameters data determined seasonally from a single station by
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the Directorate of State Hydraulic Works (DSI, Van/Turkey).
After determining the water quality class the relationships
between these parameters were analyzed using statistical
analysis. The result of research, it was determined that Karasu
Stream has class | water quality for pH, temperature, EC,
ammonium and nitrate nitrogen with flouride parameters and DO,
SO, BODs, SO4, Cl, Na, TDS, SS and color were found to be
class Il. Individual-annual fluctuations of parameters were
examined by trend analysis and it was understood from the results
that four parameters that make up the highest fluctuations are
BODs, SS, TA and calcium carbonate. BODs, pH, sodium,
potassium, calcium, magnesium, flouride, DO, EC, TDS,
turbidity, SS have a normal distribution, and these parameters
have shown a regular distribution throughout the year. Other
parameters have shown that an non-normal distribution and
sudden changes due to precipitation in seasonal transitions. It was
determined by normality figures that phosphate, sulphate, color,
total organic carbon, ammonium and nitrate nitrogen parameters
show unnormal distribution and other parameters have normal
distribution. Considering the regression analysis, it is understood
as a result of the equation that sodium, total hardness,
conductivity, and total dissolved solid matter in the turbidity
equation are due to the high magnesium and calcium parameters
in the Karasu Stream deposit. Turbidity and suspended solids
connections with total hardness were seen in regression
equations. It has been obtained that the water quality of Karasu
Stream, is under the influence of anthropogenic pollutants which
generally consist of agricultural activities in settlements. If this
study is supported by data obtained from measurements and
analyzes on samples taken montly on different regions of Karasu
Stream, advanced analyzes such as clustering, factor, principal
components can be made, and contributions can be made to
pollutant estimation and water quality analysis by revealing
associative equations in which parameters effect each other.
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EKLEMELI IMALAT YONTEMLERI,
KULLANIM ALANLARI VE TEKSTIL
UYGULAMALARININ ARASTIRILMASI

Kamile GOK!
Devrim SOYASLAN?

1. GIRIS

Eklemeli imalat yontemleri, geleneksel bilgisayar destekli
talas kaldirma yoOntemlerinin aksine malzemenin birleserek
katmanlar halinde st {ste eklenmesiyle olusan imalat
yontemidir. Karmagsik yapili ve serbest formlu objelerin
tiretilmesini saglayan pratik bir imalat yontemidir. Eklemeli
imalat yontemleri son yillarda olduk¢a ©nem kazanmis ve
gelecekte de hayatimizin her alaninda sik¢a gorecegimiz 6nemli
bir teknolojidir. Bu alanlar arasinda uzay, havacilik, saglik,
ingaat, enerji ve tekstil gibi alanlar yer almaktadir. Bu ¢alismada;
eklemeli imalat yontemleri, kullanilan teknolojiler, geleneksel
yontemlere g0re avantajlari, kullanim alanlar1 ve tekstil
uygulamalar1 hakkinda bilgi verilmistir.

2. EKLEMELI IMALAT YONTEMLERI

Literatir incelendiginde ¢ok sayida cklemeli imalat
yonteminin bulundugu tespit edilmistir. ASTM F42 standardina
gore eklemeli imalat teknolojileri yedi alt grubu ayrilmaktadir. Bu
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yontemler Tablo 1’de verilmis ve sonra ayri basliklar halinde

agiklanmustir.

Tablo 1. Eklemeli Imalat Teknolojileri

ASTM Kategorisi

Calisma Prensibi

Ornek Teknoloji

Plaka Tabakalastirma

Malzemelerin
sac/folyolar1
yapistirilmigtir.

Lamine Nesne Imalat: (LOM)

Malzeme Ekstriizyonu

Malzeme, segici
olarak bir nozul
veya orifisten
(ag1z) digan itilir.

Eriyik Yigarak Modelleme (FDM)

Foto polimerizasyon

Havuzdaki sivi
polimer lazerle
sertlestirilir.

Stereolitografi (SLA)
Dijital Isik isleme (DLP)

Malzeme Piskirtme

Insa
malzemesinin
damlaciklari
biriktirilir.

Coklu Puskurtme (PJ)

Lazer enerjisi,
tabladaki toz

Se¢meli Lazer Sinterleme (SLS)
Direk Metal Lazer Sinterleme

katman katman
inga edilir.

Toz Yatakh Birlestirme | yatagindaki (DMSL)
malzemenin Secmeli Lazer Ergitme (SLM)
birlestirilmesidir. | Elektron Isinl Ergitme (EBM)
Odaklanmig lazer | Lazerle Net Sekillendirme

. Lo enerjisi ile (LENS)

Direkt Enerji Biriktirme malzemeler Elektron Isinli Eklemeli Imalat
eritilir. (EBAM)
Pargaciklar
birbirine

Yapistiricr Piiskiirtme yapistirilarak Baglayici Piiskiirtme (BJ)

2.1. Lamine Nesne Imalat1 (Laminated Object

Manufacturing — LOM)

Lamine nesne imalati (LOM) par¢anin imalatinda ekleme
ve c¢ikartma islemlerinin ortak kullanildigr bir teknolojidir.
Kullanilan hammaddeler sac formunda olup karbondioksit tabanli
lazer ile belirli programlarla elde edilen l¢ boyutlu geometrik
veriye gore kesme islemi yapilir. Kesme isleminden sonra
platform belirli kalinlik kadar asagi indirilir ve (zerine yeni
hammadde sac getirilir. Katmanlar termal bir baglayici ile basing
ve 1sitma islemleriyle birbirine yapistirilir ve ¢ boyutlu obje elde
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edilir. (Ramya, 2016). Son islem adimi, destek yapilara ihtiyacin
olmamasi ve diigiik maliyet LOM teknolojisinin avantajlarindan
biridir. Kesilen malzemenin yeniden kullanilamamasiyla birlikte
israf olmasidir.

Sekil 1’de LOM teknolojisinin sematik gosterimi
verilmistir.

Sekil 1. LOM Teknolojisi Sematik Gosterimi

Pratfonm _— Fulosu

Kaynak: (Akgiimiis Gok, Kiligtek, Gk, & Necdet, 2023)

2.2. Eriyik Yigarak Modelleme (Fused Deposition
Modeling — FDM)

FDM teknolojisi, ti¢ boyutlu yazici teknolojilerinde ilk
akla gelen eklemeli imalat teknolojisidir. Maliyetinin diisiik
olmas1 ve FDM teknolojisi ile ¢alisan bir¢ok masaiistii tipi yazici
modelinin olmas1 yaygin olarak kullanilmasinda etkilidir. FDM
teknolojisinde makaralara sarilmig, genelde PLA, ABS ve karbon
fiber malzemelerden elde edilmis filamentler kullanilir. FDM
teknolojisinde, Sekil 2’de gosterildigi gibi filament ekstriizyon
kafasindaki yuvaya yerlestirilir ve 1sitilarak  dilimleme
programinda elde edilen kodlara gore objeyi katman katman
olusturur (Wong & Hernandez, 2012).

FDM teknoloji ile Gretim sonunda nesnenin dis yiizeyinde
izler gorulebilir ve bu purizler zimpara ile azaltilabilir. FDM
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teknolojisinin diger eklemeli imalat teknolojilerine gore avantajli
olmasinin sebebi; yazici maliyetinin diisilk olmasi, kullanim
kolaylig1 ve ¢evre dostu olmasidir.

Sekil 2. FDM Sematik Gosterimi
[
Ekstriizyon kafasi
Siirdcd

tekerlekler
Swlagtinct
(8IC Ekstrizyon

ST memeleri

it

Kopuk taban
Inga platformu :\

Parga
Parga destekleri

Diestek malzemesi

makarasi _\
Inga malzemesi
makarasi Ho
Kaynak: (Ozsoy & Duman, 2017, s. 41)
2.3. Stereolitografi (SLA)

SLA teknolojisinin esasini, oda sicakliginda sivi haldeki
recine tabakasinin ultraviyole lazer 1sim1 vasitasiyla belirli
boélgelerinin  katilastirilmas1  olusturur. Lazer 1sm1  parca
geometrisine uygun olarak recine (zerinde gezdirilir ve
katilagsmas1 saglanir. Ardindan is par¢asinin bulundugu platform
katman kalinlig1 kadar asagi indirilir ve yeni fotopolimer siv1 alt
katin tizerine sivanir bu dongu nihai parca imal edilesiye kadar
strdurdlur. SLA iiretim teknolojisinin tiretim maliyeti diistiktir.
Bu yontem ile karmagik sekilli parcalarin iiretimi miimkiindiir.
SLA yontemi, karmasik nanokompozitler iiretmek i¢in etkili bir
yontemdir. Fakat SLA teknolojisinde kullanilan recine ve
cihazlarin maliyeti fazladir. SLA eklemeli imalat teknolojisinin
sematik gosterimi Sekil.3’de verilmistir (Strmen, 2019).

125



Miihendislik Calismalart

Sekil 3. SLA Sematik Gosterimi

Kaynak: (Ozer, 2020)
2.4, Dijital Isik Isleme (Digital Light Processing - DLP)

DLP ve SLA teknolojileri birbirine cokca benzeyen iki
eklemeli imalat teknolojisidir.  Aralarindaki fark 1s1k
kaynaklarinin farkli olmasidir. DLP teknolojisinde ig¢inde regine
bulunan havuzda bir projektor vardir. DLP tekniginde projektor,
tek seferde tim katman yizeyine etki ederek daha hizli baski
hizlarina ulasabilir. DLP teknolojisi ile (Uretilen objede
projektorin yansidigi tim katmanlardaki imajlar piksellerden
olustugu icin katman kenarlarinda kii¢iik dortgensel hacimler
meydana gelebilir. Bundan dolay1 yiiksek ¢oziiniirliikkte parga
istenirse  SLA teknolojisi daha uygundur. DLP baski
teknolojisinin sematik gosterimi Sekil 4’ de verilmistir (Strmen,
2019).

Sekil 4. DLP Sematik Gosterimi

3 Platform
[~

Fotopolimer

Isik kaynag

Kaynak: (Stirmen, 2019)
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2.5. Coklu Puskurtme (Polyjet — PJ)

Coklu malzeme puskirtme yontemi olan PJ, fotopolimer
regine malzemesini puskurterek 3B nesneler uretir. PJ teknolojisi
renkli pargalar iiretmek i¢in kullanilir. Baski hiz1 ylksek olan bu
teknoloji ile basilacak nesnenin baz1 kisimlar1 yumusak ve sert
oOzellikli olarak ayarlanabilir. Boylece bir nesne tizerinde farkli
mekanik Ozelliklere sahip kisimlar elde edilebilir. Tablaya
puskdrtulen recine UV 1sint ile kiirlestirme islemine maruz kalir.
Katmanlar halinde islem devam eder ve ii¢ boyutlu nesne elde
edilir. (Strmen, 2019). PJ ¢alisma prensibi Sekil 5’de verilmistir.

Sekil 5. PJ Calisma Prensibi

Piiskiirtme kafas:

Y ekseni X ekseni

v
lambas

Destek

malremesi

H Z ckseni

Kaynak: (Stirmen, 2019)

2.6.Secmeli Lazer Sinterleme (Selective Laser
Sintering-SLS)

SLS teknolojisinde obje, Sekil 6’da gosterildigi gibi lazer
1511 ile toz halde bulunan hammadde sinterlenerek tozlarin
birlesmesiyle nesne olusturulur. Bu teknolojide tozlarin tamami
eritilmeden birbirine yapistirilir. Birbirine yapistirilmayan tozlar
ise destek gorevi gorirler ve imalatin sonunda nesne tozlardan
temizlenerek ¢ikartilir. SLS teknolojisinde metal, seramik ve cam
gibi malzemeler kullanilabilir. SLS teknolojisi ile uretilen
nesnelerde i¢ gerilmeler olusabilir ve bu da gerilme giderme
tavlamasi ile engellenebilir. EKlemeli imalat sektoriinde popdiler
olan SLS teknolojiinde giiglii bir lazer kaynagina ihtiyag
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duyuldugundan dolay1 teknolojinin maliyetini arttirmaktadir
(Strmen, 2019).

Sekil 6. SLS Calisma Prensibi

Koruyueu gaz Merceider
atmosferd ‘,/ XY
e .
" Aynalan
Lazer ol
Lazer ipmi

2
Tesviye silindiri / Sinterlenmis parga

Toz besleme
Kaynag

Toz yatag

: Toz beslome
pistonu

Toz besleme

kaynag

Kaynak: (Ozer, 2020)

2.7.Direkt Metal Lazer Sinterleme (Direct Metal Laser
Sintering-DMSL)

DMSL  teknolojisi,  secmeli  lazer  sisterlemesi
teknolojisinde yapilan degisiklerle ortaya ¢ikmustir. Ince yapilarin
tiretiminde tercih edilen bir yontemdir. Cogu metal alagimlar1 i¢in
uygun olup metal parca tretiminde en etkili yontemdir. Yiksek
mukavemet, hizli prototipleme avantajlarina sahip olup yiiksek
enerji ve yatinm maliyetinden dolay1 dezavantaja sahiptir
(Strmen, 2019).

2.8.Secmeli Lazer Ergitme (Selective Laser Melting-
SLM)

SLM teknolojisi, SLS eklemeli imalat teknolojisinin
Ozelliklerine benzer bir yontemdir. SLS yonteminden fark:
sinterleme yerine eritme yapilmaktadir (Strmen, 2019). Tabla
tzerine serilen metal tozlara lazer 1gin1 yansitilarak erime islemi
yapilir ve boylece Ui¢ boyutlu nesne olusturulur (Oguz, 2019).

Sekil 7’de SLM teknolojisinin sematik gdsterimi
verilmistir.
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Sekil 7. SLM Sematik Gosterimi

Tarayicr ayna
>

Fiber lazer

lox Dhiizeltici silindir

vtk
i [usa platformu

Kaynak: (Ozer, 2020)

2.9.Elektron Isinh Ergitme (Electron Beam Melting-
EBM)

Elektron 1smli eritme teknolojisinde, vakum ortaminda
tablaya serilmis metal tozlarina elektron 1smi tarafindan tam
ergitme yontemi yapilarak ii¢ boyutlu obje olusturulmaktadir.
Geometrik veriye gore birbirine kaynastirilan tozlar katman
olusturur ve tabla seviye seviye asagi indirilerek katman {izerine
yeni katmanlar olusturulur. EBM ylksek mukavemetli nesnelerin
uretiminde ¢okga tercih edilen bir eklemeli imalat teknolojisidir
(Strmen, 2019).

2.10. Lazerle Net Sekillendirme (Laser Engineered
Net Shape-LENS)

Sekil 8‘de gosterildigi gibi argon gaziya doldurulmus
kapali alan icerisinde lazerle eritilmis havuz igerine bir nozul toz
malzeme piiskiirtiiliir. Piiskiirtiilen malzeme soguyarak katilagir.
Sicaklik degisiminden dolay1 gerilmeler olusabilir ve dikkat
edilmesi gereken bir durumdur. Titanyum, aliiminyum, takim
celigi ve bakir alasimli metaller i¢in bu yontem kullanilmaktadir
(Strmen, 2019).
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Sekil 8. Lazerle Net Sekillendirme Sematik Gosterimi

~ e

OdeiclamaLensi

Keruyucy Gaz Girigl

Taz Parganik Girk

Tae Alugi

Ervyik Havzu

ig Parcas

Kaynak:(Celik & Ozkan, 2017)

2.11. Elektron Isinh Eklemeli imalat (Electron Beam
Additive Manufacturing-EBAM)

Elektron 1smmli  eklemeli imalat teknolojisi, LENS
teknolojine ¢cok benzemektedir. Farki EBAM teknolojisinde lazer
yerine, elektron 1sm1 kullanilmasi ve islemin vakum altinda
yapilmasidir. Elektron 1smm1 ile metal toz veya metal kablo
malzemeleri kaynatarak birlestirme yapilarak metal malzeme
elde edilir (Sturmen, 2019). Sekil 9°da EBAM teknolojisinin
sematik gosterimi verilmistir.

Sekil 9. Elektron Isinh Eklemeli imalat Sematik Gosterimi

=i

Kaynak:(Ozer, 2020)
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2.12. Baglayic1  (Yapistiric1)  Piiskiirtme (Binder
Jetting-BJ)

BJ eklemeli imalat teknolojisinde toz malzeme uzerine
siv1 baglayici ekleyerek kati cisimler elde edilir. Platform asagi
indirilerek toz malzeme Onceden olusturulmus katman {izerine
serilir. Bu islem ti¢ boyutlu cisim olusuncaya kadar devam eder.
BJ eklemeli imalat teknolojisinde metal, seramik, kum
malzemeler kullanilabilir ve boyutu biliylikk pargalar
uretilebilmektedir. Isitma islemi olmadigi igin boyutsal
distorsiyonlarin olmamasi ve genis malzeme se¢eneginden dolay1
renkli pargalarin uretilebilmesi BJ teknolojisinin
avantajlarindandir.

3. EKLEMELI IMALAT YONTEMLERININ
AVANTAJLARI

Literatiir taramasi incelendiginde, geleneksel yontemlere
kiyasla eklemeli imalat yontemlerinin baz1 avantajlar1 karsimiza
¢cikmaktadir. Bu avantajlardan bazilar1 sunlardir.

Geleneksel imalatin aksine eklemeli imalat yontemleri
hammaddenin dogrudan kullanilmasin1 icerdigi i¢in atik
tiretimini minimumda tutmaktadir (Tezel, Topal, & Kovan,
2018).

Geleneksel imalat yontemleriyle karmasik geometrili
tasarimlarin {iretim siirecinde zorluklar yasanabilir. Eklemeli
imalat yontemleriyle bu karmasik geometrili tasarimlar daha az
maliyetle ve daha hizli bir sekilde iiretilebilir.

Eklemeli imalat teknolojilerinde iiretim asamasinda 6zel
kaliplar vb. gerek duyulmamasindan dolay1 kalip tasariminda ve
iscilik, maliyet kazanci gibi avantajlara sahiptir.
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4. EKLEMELI IMALAT YONTEMLERINDE SON
TEKNOLOJIK GELISMELER

Eklemeli imalat yontemleri glinimuzde yenilikgi tretim
teknolojisi olup, havacilik, uzay, tip, enerji, ingaat ve tekstil gibi
alanlarda kullanilmaktadir. Teknolojinin her gecen giin hizla
gelismesiyle birlikte bu alanlarda eklemeli imalat yontemleriyle
Uretilebilen triinlerde gelismektedir.

4.1. Tip Alaninda Eklemeli imalat

Tip alaninda eklemeli imalat teknolojilerinin kullanimina
dair yapilan literatiir taramasinda son on yilda tibbi ekipmanlarin
tiretiminde eklemeli imalatin 6nemli rol oynadig1 goriilmektedir.
Tibbi ekipmanlarda ki karmasik tasarimli parcalar bu yontemle
uretilebilmektedir. Ote yandan eklemeli imalat yontemleri ile
kisiye Ozel implant, protez ve yapay organ iiretebilmekte ve
calismalar1 halen devam etmektedir. Eklemeli imalat
teknolojisinin yakin zamanda tibbi ekipmanlar1 diisiik maliyette
ve yiiksek hizda iiretebilmesiyle devrim niteliginde yenilikler
getirecegi ongorilmektedir (Bozkurt, Gilsoy, & Karayel, 2021).

Sekil 10. Eklemeli Imalat Yontemiyle Uretilen Biyonik Kulak ve
Yiiz Siperligi

Kaynak: (Bozkurt, Giilsoy, & Karayel, 2021)
4.2. Havacilik-Uzay Alaninda Eklemeli imalat

Diger alanlarda oldugu gibi eklemeli imalat yontemlerinin
kullanimi1  havacilik-uzay alaninda da hizla artmaktadir.
Havacilikta jet motor pargalari, inis takim pargalar1 ve karmagik
tasarimli  parcalarin iiretimi giiniimiizde eklemeli imalat
yontemleriyle yapilabilmektedir. Havacilik alaninda son
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zamanlarda yogun ¢aligmalar yapan BAE Systems, 3B yazicilari
askeri ucaklarin igine yerlestirerek ihtiya¢ durumunda insansiz
hava araglarinin {iretilebilecegini Ongdrmektedir  (Katmanh
Imalat Teknolojileri ve Havacilik Uygulamalari, 2016).

Havacilikla birlikte uzay alaninda da eklemeli imalat
teknolojileri hizla gelismektedir. 2015 yilinda NASA’nin
diizenlemis oldugu 3D Baskili Habitat Yarigsmasi diizenlenmis ve
3D teknolojisi ile Mars’ta eklemeli imalat ile uretilebilen habitat
alanlar1 tasarlanmistir. 2019 yilinda tasarlanan bu yapilar 3D
yazicilarla {iretilmis ve belirlenen testlerden gecerek olumlu
sonuglar gostermistir (Kiric1 & Ding Kalayci, 2024) .Bbylece 3D
baski ile Mars yiizeyinde habitat alanlar1 olusturulabilecektir.

Sekil 11. Team LavaHive Tarafindan Hazirlanan Mars Habitat
Tasarimi

Kaynak: (Kirict & Ding Kalayci, 2024).

Sekil 12. Al. Spacefactory Tarafindan Tasarlanan Marsha
Tasarimi

Kaynak: (Kiric1 & Ding Kalayci, 2024).
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4.3. Mimarhk-Insaat Alaninda Eklemeli imalat

Mimari yapilarda gun gegtikce artan karmasik tasarimli ve
bosluklu yapilarin tasarlanmasi eklemeli imalat teknolojilerine
ilgiyi arttirmaya baslamistir. Yap1 insaatinda kullanilan kaliplarin
tiretimi de eklemeli imalat yontemleri ile yapilabilmektedir. SLS
teknolojisi ile primecast malzemesinden kalip, SLS ve DMLS
teknolojileri ile iiretilen mikro sogutuculu etkin enerjili kaliplar
uretilebilmektedir (Ozer, 2020).

4.4. Otomotiv Alaninda Eklemeli imalat

Otomotiv endiistrisi diinya c¢apinda en rekabetci
endustrilerden biridir. Strekli olarak yeni tasarimlar ve trendler
ortaya ¢ikmaktadir. Bundan dolayr otomotiv endiistrine uyum
saglamak icin yeni liretim teknolojilerinden olan eklemeli imalat
yontemleri kullanilmaya baslanmistir. Eklemeli imalat, iiriin
tasariminda esneklik saglayarak talep iizerine 6zellestirilmis arag
iiriinleri iireterek otomotiv alaninda rekabet avantaji saglar (Ozer,
2020). Aym zamanda kalip sektoriinde eklemeli imalat
yontemleri énemli bir yerdedir. Ornegin, otomotiv sektdriinden
olan Ford firmas1 FDM eklemeli imalat teknolojisi kullanilarak
montaj kaliplart iretmistir. Eklemeli imalat teknolojisi ile iiretilen
fikstir geleneksel muadilden %50 daha az maliyetli ve agirligi
daha hafiftir (Doruk, 2021).

Sekil 13. FDM ile Uretilen Montaj Kahib1

W

KA

Kaynak: (Doruk, 2021)
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4.5. Tekstil Alaminda Eklemeli imalat

Teknolojinin ilerlemesi ve kisisel beklentilere de yanit
verebilmesinden dolayr birgok sektorde eklemeli imalat
yontemlerinin aktif kullanilmasi istenmektedir. Bu sektorlerden
biri de tekstil sektoriidiir. Son 20 yildir eklemeli imalat sistemleri
ile tekstil iirlinlerinin tiretimi tizerine ¢aligilmaktadir (Avci, Sezer,
& Eren, 2019). Eklemeli imalat yontemleri ile Gretilen bazi teknik
tekstiller arasinda otomotiv, havacilik, askeri, spor ve tibbi
tekstiller yer almaktadir.

4.5.1. Eklemeli Imalat Yontemleri fle Spor Tekstilleri

Son yillarda eklemeli imalat yontemleri kullanilarak spor
malzemeleri iiretilmeye baglanmigtir. 2023 yilinda NBA resmi
basketbol topu markast Wilston, 3B yazicilar ile havasiz
basketbol topu prototipi {iretmis ve tanitmistir (Yigman, 2023).
3D bask1 yontemi ile iiretilen havasiz basketbol topunun patlama
riski olmadan normal bir basketbol topu ile benzer seviyede
performans sunabildigi aktarilmistir (Tunger, 2023).

Sekil 14. Wilson Havasiz Basketbol Topu

Kaynak:(Yigman, 2023)

3D baski teknolojilerinin gelismesi devam ederken 3D
teknolojilere akilli malzemelerin eklenmesiyle 4D baski kavrami
ortaya ¢ikmistir. 4D bask1 yontemleri 3D baski yontemleri ile cok
benzemektedir. 4D baski teknolojilerinin kullanimi tekstil
alaninda da yavag yavas artmaktadir. Pauline Van Dongen
Stiidyosu’nda uzun atlama sporculari i¢in 4D baski teknolojisi ile
fizyolojik stres ve zorlanma ile iligkili olarak sekil ve bigim
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degistirebilme Ozelligine sahip giysi Uretmistir. Giysinin
tasartminda  yan  taraflarinda  yusufguk  kanatlarindan
esinlenilmistir. Kosma halinde kanatgiklar kapali, atlama
sirasinda kollar doniip bacaklarin agilmasiyla kanatgiklar
acilmaktadir. Boylece havada kalma siresi artarak sporcunun
performansini arttirmaktadir (Erdem Akgiin, 2022).

Sekil 15. Uzun Atlama Sporculari icin Yiiksek Performans Giysisi
. \'K ._

7'

Kaynak: (Erdem Akgin, 2022)

Spor tekstillerinin Uretiminde ginimizde Adidas, Nike
ve New Balance gibi ayakkabi iireten firmalar eklemeli imalat
yontemlerinden olan SDM, SLS ve SLA yontemleriyle ayakkabi
iretmektedir. Geleneksel yontemlerle tek bir ¢ift ayakkabi 1 saat
20 dakika gibi bir strede Uretilirken eklemeli imalat yontemleri
ile bu siire 20 dakikalara kadar diismiistiir (Alan, 2021).

Sekil 16. Eklemeli Imalat Teknolojisi ile Uretilen Adidas Spor
Ayakkabi

Kaynak: (Doruk, 2021).
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4.5.2. Eklemeli imalat ile Tibbi Tekstiller

Saglik sektoriinde eklemeli imalat ile Uretilen tibbi
ekipmanlarin geligsmesi ile birlikte tibbi tekstiller de Uretilmeye
baslanmistir. Eklemeli imalat ile tekstil {izerine yumusak ve sert
malzemelerin bir arada kullanilabilmesi miimkiin olmaktadir.
Bdylece eklem hareketini desteklemek ve eski haline getirmek
icin kisisellestirilebilir ortopedik ekipmanlarin {retilebilmesi
saglanmaktadir.  Ayrica  eklemeli imalat ile  eklem
yaralanmalarindan sonra hareket kisitlamasi amaciyla, Orme
kumaglar ile kombinasyon olusturabilecek parcalar da
uretilmektedir ( Sitotaw, Ahrendt, Kyosev, & Kabish, 2020).

Sekil 17. Eklemeli imalat ile Uretilmis Ortopedik Sarg:
= =

Kaynak: ( Sitotaw, Ahrendt, Kyosev, & Kabish, 2020)
4.5.3. Eklemeli imalat ile Otomotiv Tekstiller

Eklemeli imalat ile Gretilen malzemelerden biri de
otomotiv tekstilleridir. Eklemeli imalat teknolojileri ile tasarim
esnekligine sahip ve kisisellestirilmis driinlerin Uretilebilmesi
miimkiindiir. Buna 6rnek olarak Mart 2020 yilinda otomotiv
sektorlinlin popiilerlerinden olan Porsche, 3B baski ve kafes
tasarimindan yararlanilarak iiretilen yeni bir spor arabasi koltugu
konseptini tanitmistir. Eklemeli imalat yontemleri ile tiretilen
koltuklar, miisterinin 6zel viicut hatlarina gore kisisellestirilip
uretilebilecektir (Doruk, 2021).
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Sekil 18. Porsche 3B Baskili Ozel Koltuklar

Kaynak: (Doruk, 2021)

4.5.4. Eklemeli imalat ile Aksesuar Tekstiller

3B yazicilarin kullanimmin artmasiyla birlikte moda ve
tekstil endiistrisinde iiretim yelpazesi geniglemistir. 3B baski ile
uretilen giysilerle birlikte bedene takilan kisiye &6zgii tekstil
aksesuarlar1 da tretilmeye baslanmistir. 3B baski ile iiretilen
Sekil 19°da temel bir desen olusturulmustur. Farkli renklerde 3B
baski ile iiretilen parcalar birlestirilerek obje elde edilmistir.
Eklemeli imalat yontemi ile Uretilen canta an igin 33 saatte 142
parca liretilmis (Can & Arabaci, 2021).

Sekil 19. Eklemeli imalat ile Canta Uretimi

a Cantaigin 2Btemel  b. Canta igin 3B
tasarim

d. lfrcn]cn canta par(_:u]anl . Son iiriin ganta
Kaynak: (Can & Arabaci, 2021).

2019 yilinda Ingiliz tasarimci Catherine Wales,
Hollanda’daki Arnhem Mode Bienali'nde 3B baski ile iiretilmis
Project DNA koleksiyonunu tanitmistir. Wales ayrica
koleksiyondaki aksesuarlar1 miisterilerinin kullanimina sunmus
ve istek Tlizerine kisiye 0Ozgii Olclilere uygun aksesuarlarin
basilmasini saglamistir. 8 adet pargadan olusan ve 3B yazilar ile

138



Miihendislik Calismalart

uretilen koleksiyon; tlyli omuz aksesuari, maske, Dbel
aksesuarlar1 ve iskelet korseden olugsmaktadir (Demir & Kozbekgi
Ayranpinar, 2024).

Sekil 20. Project DNA Koleksiyonu 3B Aksesuarlari

Kaynak: (Demir & Kozbekg¢i Ayranpinar, 2024)

5. SONUC

Teknolojinin  hizla  gelismesiyle birlikte imalat
yontemlerinde yeni teknolojiler ortaya ¢ikmaktadir. Bunlardan
biri de eklemeli imalat yontemleridir. Bu ¢alismada eklemeli
imalat yontemleri, avantajlari, kullanim alanlar1 ve son teknolojik
gelismelerden bahsedilmistir.

Uretilmek istenilen objenin hammaddesine bakilarak
eklemeli imalat yontemi secilmekte ve objenin Uretimi
gerceklestirilmektedir. Eklemeli imalat yontemleri ile geleneksel
yontemlere kiyasla daha az maliyetle, daha hizli ve daha az atikla
tiretim gercgeklestirilmektedir. Bu sayilan avantajlarindan dolay1
eklemeli imalat yontemlerinin pek c¢ok sektorde kullanimi
artmaktadir. Bu sektorler arasinda; havacilik, uzay, ingaat ve
mimari, tip, otomotiv ve tekstil sektorleri onde gelmektedir. Bu
avantajlarinin yam1 sira eklemeli imalat yontemleri, sundugu
genis tasarim olanaklar1 nedeniyle, kisisellestirilmis nesnelerin
Uretiminde ¢ok¢a kullanilmaktadir. Boylece kisiye ozel tibbi
ekipmanlar ve organlar, spor ekipmanlari, otomotiv ekipmanlari
ve tekstil drlnleri gibi ¢ok farkli endiistriye hitap edecek iiriin,
eklemeli imalat yontemleri ile Uretilebilmektedir.
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Eklemeli imalat yontemlerinde geleneksel ydntemlere
kiyasla atik olusmamasi, bu yontemlerin ¢evreci yoniinii de 6n
plana ¢ikarmaktadir. Ayrica kaliplama maliyetlerinin olmamasi
ve iscilik maliyetlerinin en aza inmesi, parga liretim maliyetini de
azaltarak parca basma diisen karbon ayak izini de minimize
etmektedir.

Tasarimda sinirlarin kalkmasi ve az maliyetle daha fazla
parca iretimi nedeniyle yakin gelecekte eklemeli imalat
yontemleriyle Uretimin artacagi ve her alanda devrim niteliginde
yenilikler getirecegi ongoriilmektedir.
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