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0z

Insansiz Hava Araclar1 (IHA) icinde fiziksel olarak insan bulunmayan, uzaktan kumanda veya otonom
olarak ucan araglardir. Askeri ve sivil olmak iizere bir¢ok alanda THA’lar kullanilmaktadir. Bu
¢aligmada, sivil alanda kullanilmak tizere kurye veya kargo goreviyle kisi ve kurumlara destek olmak
amaciyla disik maliyetli, hizli ve QR kod aktivasyonla yiik tasima haznesi bulunan ve dikey inis
kalkis yapabilen lojistik bir THA tasarlanip iiretilmistir. Bu IHA, gelistirilen yazilim sayesinde
hedef/nesne tespiti ile kargo adres konumuna ulagabilmektedir. Otonom ve manuel u¢ma yetenegine
de sahip olan IHA aym zamanda goriintii, hiz, konum ve basing verilerini de bagh oldugu yer
istasyonuna anlik olarak aktarabilmektedir. Ayrica Lidar, kamera, pitot tiip gibi bilesenler kullanilarak
ucus verilerindeki dogruluk artirlmistir. Gelistirilen IHA 30 m irtifaya, 14 m/s yatay hiza ve yiiksek
manevra kabiliyetine sahip olmustur. IHA nin kanat agiklig1 1400 mm, uzunlugu 1200 mm ve agirligt
3 kg olacak sekilde iiretilmistir. Tasarlanan ve gergeklestirilen ITHA min performans basarisini 8lgmek
icin havacilik, uzay ve teknoloji festivali olan Teknofest yarigmalarina katilinmistir. Yarigmada
Tiirkiye birinciligi elde edilerek tasarimin basarisi ortaya konmustur.

Anahtar Kelimeler: Insansiz Hava Araglari, Dikey Inis Kalkis, VTOL IHA, IHA Kargo, [HA Kurye

DESIGN AND MANUFACTURING OF UNMANNED AERIAL VEHICLE FOR COURIER
AND CARGO PURPOSE

ABSTRACT

Unmanned Aerial Vehicles (UAV) are vehicles that are not physically human and fly remotely or
autonomously. UAVSs are used in many fields, including military and civilian. In this study, a low-
cost, fast, and QR code activation logistics UAV capable of vertical take-off and landing was designed
and produced for use in the civilian field, in order to support individuals and institutions with courier
or cargo duties. Thanks to the software developed, this UAV can reach the cargo address location with
target/object detection. Having the ability to fly autonomously and manually, the UAV can also
instantly transfer image, speed, position, and pressure data to the ground station it is connected to. In
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addition, the accuracy of flight data has been increased by using components such as Lidar, camera,
and pitot tube. The developed UAV has an altitude of 30 m, a horizontal speed of 14 m/s, and high
maneuverability. The wingspan of the UAV is 1400 mm, its length is 1200 mm and its weight is 3 kg.
In order to measure the performance success of the designed and realized UAV, Teknofest
competitions, which are aviation, space, and technology festivals, were attended. The success of the
design was demonstrated by winning first place in Tiirkiye in the competition.

Keywords: Unmanned Aerial Vehicles, Vertical Take-off and Landing, VTOL UAV, UAV Cargo,
UAV Courier.

1. GIRIS

Insansiz hava araglar1 (IHA), igerisinde fiziki olarak insan bulunmadan ugan ve iistlendikleri gérevleri
otonom olarak insan etkisi olmaksizin ya da uzaktan yonetilerek gercekleyen hava araclari olarak
tanimlanirlar [1]. Insanli ugaklarn operasyon ve manevra kabiliyetleri G-kuvveti veya yorgunluk gibi
insani faktorlerle sinirlanmaktadir. Bu smirlamalar IHA teknolojilerindeki gelismeler sayesinde
azaltilmaya ve hatta ortadan kaldirilmaya calisiimaktadir [2]. IHA'lar ucus ve kontrolleri bir insan
kullanici tarafindan kumanda ile ya da belirli gérevleri oto pilot olarak sisteme gémiilii olan bilgisayar
tarafindan otonom olarak yapilmaktadir [3]. IHA larin neredeyse tiimii insansiz ugmasia ragmen IHA
sistemlerinin insanli oldugu unutulmamahdir. THA sistemleri belli bir dereceye kadar otonom islev
yapsa da gorev siiresince devamli insan kontrolii ve miidahalesini gerektirmektedir. IHA sistemlerinde
pilot, teknik bakim personeli, yiik operatdrii ve analiz personeli bulunur [4]. IHA galismalarinda
odaklanilan nokta insansiz ve hatasiz bir sistemin tasarimidir. Ornegin, ABD ordusundaki [HA’lar
hakkinda yeterli veri toplanip, IHA’larn giivenilirligi {izerine analizler yapilmustir [5]. Analizler
sonucunda, ABD iiretimi ve Israil iiretimi IHA’larin ariza yapma (verme) yiizdelerinin yakin oldugu
goriilmiistiir. Ongoriide insan hatas1 kaynakli diisiiniilen kaza oranlarmnin pilotlu ucaklar ve THA’lar
arasinda ters orantili (%17’e karst %85) oldugu saptansa da, IHA sistemlerinde ya da pilotlu ugakta
insan hatalarimin birbirine yakin oldugu goriilmiistir. IHA’larda sikca meydana gelen sistem
arizalarinin bu gercegi gizledigi de belirtilmistir [6]. Uretilen araglarin can kaybim engelledigi fakat
hata paymin ayni oranda oldugu da gériilmektedir. Uzerinde ¢alisilan IHA sistemlerinde insan giiciinii
ve hata paym en aza indirmek icin IHA igerisinde bulunan otonom sistemlerin gelistirilmesi ve
midahalesiz bir sistem tasarlanmasi {izerine odaklanilmigtir. Bu sistemlerin 6zellikle askeri alanda
kullanimi1 incelenerek bazi temel gorev alanlari belirlenmistir. Bu alanlar, gozetleme, kesif, taarruz,
hedef benzetimi, elektronik harp ve 6zel gorevlerdir [7].

Teknolojinin ilerlemesiyle yayginlasan e-ticaret sitelerinin insanlara sundugu imkanlarin artmasi ile
insanlar, evlerinden ¢ikmadan tiim ihtiyaglarin1 mobil veya web tabanli yazilimlar iizerinden siparis
vererek karsilayabilmektedir. Satict firma tarafinda olusan fiyat ve zaman kayiplart bu isi
gerceklestiren (kurye, kargocu, postact vb.) ara birimlerden kaynaklanmaktadir. Ayrica giin gegtikge
artan zorlu trafik kosullari, ¢alisanlarin can ve mallarini tehlikeye atmaktadir. Coziim ise trafik sorunu
olmayan daha diisiik maliyetli, hizli ve dikey inis kalkis yapabilen (VTOL) lojistik bir THA
gelistirilmesidir. Bu amagla yapilan calismada QR kod aktivasyonla yiik tasima haznesi bulunan
VTOL IHA tasarlanmis ve iiretimi gergeklestirilmistir. Mobil uygulama iizerinden verilen siparislerin
IHA ile teslim edilmesi basari ile saglanmustir. Verilen siparislerin goriintiilenmesi, onaylanmasi,
aracin anlik (hiz, irtifa, konum, kamera goriintiisii) verilerinin gosterilmesi ve araca hareket komutlar1
verilebilmesi i¢in arayiiz tasarlanmistir.
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2. LITERATUR TARAMASI

Karaagac calismasinda IHA’larin insanli ugaklara ve uydulara gore avantajlarim incelemistir [8].
Insanli ucaklara gére avantajlarinin isletme maliyeti, uzun ucus siiresi ve insan kaynakl1 hata riskinin
azlig1 olarak belirtmistir. Uydulara gore avantajlarinin ise diisiik tedarik, idame ve igletme maliyeti,
elde edilen verilerin daha dogru ve kaliteli olmas1 ve daha yiiksek manevra kabiliyetinin bulunmasi
olarak ifade etmistir.

SSM ¢alismasinda [7] IHA sistemlerinin gérev alanlarm askeri ve sivil kullanim olarak ayirmustir.
Askeri kullanmim alanlariin Kesif/Gozetleme destegi, taarruz, hedef benzetimi, elektronik harp ve 6zel
gorevler oldugunu; Sivil kullanim alanlarinin ise jeolojik arastirmalar, atmosfer arastirmalari, deniz
devriyesi, uluslararas1 sinir devriyesi, uyusturucu trafigi izleme, yol trafigi izleme, afet operasyon
yonetimi, ekin ve hasat durumu izleme, arazi haritalama ve yiiksek voltajli gii¢ hatt1 izleme oldugunu
belirtmistir. Korkmaz da ¢alismasinda [9] gegmisten giiniimiize IHA larin tarihi siirecine odaklannus
ve ozellikle sivil amagli THAlarm kullanim alanlarini incelemistir.

Literatiirde THA’lar ile alakali tasarim calismalar1 da bulunmaktadir. Aksar ¢alismasinda [10] THA
kanat tasariminin ugus siiresi, kalkig hiz1 ve manevra kabiliyeti iizerine etkilerini incelemis ve her ii¢
parametreye de 6nemli oranda etki ettigini gdstermistir. Agir yiik tastyacak THA’larin kanatlarmna
flapler eklenebilecegi ve bdylece IHA nin yiik kapasitesinin iki katina gikarilabilecegi hesaplanmustir.
IHA’nin pistten kisa siirede kalkmasi gerekiyorsa kanat tasariminda vstall hizini etkileyecek
degisikliklerin yapilabilecegi belirtilmistir. THA’nin siiriiklenme katsayisinin  azaltilarak yakat
tiiketiminin azaltilabilecegi de eklenmistir. Tiim THA 6zellikleri sabit kalmak sartiyla havada kalma
stiresi arttirllmak istenirse kanat tasarimi ile bunun saglanabilecegi de ortaya konmustur. Acar
caligmasinda [11] kanat baglanti agilariin 6nemine vurgu yapmis olup, 4 motorlu, 1.3 m kanat
acikligina, 1.45 m gévde uzunluguna, 1 kg yiik kapasitesine sahip toplamda 4.5 kg agirliginda VTOL
tiirinde bir THA tasarlamistir. Kanat baglanti acilar1 5 farkli deger ile Ansys Fluent programinda
incelenmis olup en iyi degerin 0 derece oldugu belirtilmistir. Ayrica, optimum dihedral agisinin
optimum yine 0 derece, burulma agisi olarak da 10 derecenin en iyi degeri verdigini belirtmistir.
Ozbek de galismasinda [12] elektromekanik doga benzetimli gdzlem yapan mini IHA tasarimi yapmis
olup, IHA’y1 yapisal ve aerodinamik olarak incelemistir. IHA’ya kanat ¢irpma &zelligi eklenerek
dogaya en uygun, yenilik¢i ve performansh bir tasarima ulasilmistir. Kanat ¢irparak ve siiziilerek
yapilan ugus denemelerinde incelenen tagima analizlerinde kanatlarin siiziilme hareketi sirasinda 11 N,
asag1 hareketi sirasinda 20 N ve yukar1 hareketi sirasinda 6 N kuvvet tirettigi goriilmiistiir. Bu uguslar
esnasinda THA min 1.12 kg agirhikla havada kalabildigi ve 200 gram faydali yiik tasiyabildigi de
goriilmiistiir. Pala calismasinda ugusu gergeklestirmek tizere 4 rotor arasindaki itki degisiminin
kullanildigt ve mod gecisi karmasikligini azaltan 3 sabit kanatli bir sistem kullanmigtir [13].
Tasarmminin tilt-rotor benzeri tasarimlardan en biiyiik farkinin, motor itki diizleminin biitiin gévdeyle
beraber degismesi oldugunu da belirtmistir. Tasarlanin IHA nin havada kalma siiresi 15 dk ve ugus
mesafesi de 10 km olarak gergeklenmistir. aslan ise kanat govde tipindeki IHA nin yapisal tasarimini
incelemis, kompozit malzeme kullaniminin 6nemine deginmistir [14]. laslan ¢alismasinda ayrica
kompozit malzeme kullaniminin avantaj ve dezavantajlarini da siralamugtir.

Elmas ¢alismasinda [15] dik-ucarlarin ¢aligsma ilkelerini incelemistir. Calismada, hareket denklemleri
ve eksen takimlar1 arasindaki matematiksel iligki gosterilerek serbestlik acilariyla iliskili esitlikler elde
edilmigtir. Performans o6zelliklerini incelemek icin “eCalc” isimli program kullanilmistir. Yer
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istasyonu yazilimi olarak da Mision Planner isimli program kullamlmistir. Onal da VTOL bir IHA nin
optimum ugus parametrelerinin belirlenmesi iizerine ¢aligmustir [16]. Dikey kalkis yapan IHA nin 12°
hiicum agist ve 7,8 m/s hiz ile en az giice ihtiya¢c duydugunu belirtmis ve seyir ugusu icin de gerekli
giiclin 17,6 kW oldugunu hesaplamistir. Ayrica, azami menzil i¢in en verimli enerji sarfiyati icin de 8°
hiicum acis1 ve 8,9 m/s hiz belirlemis ve bu durumda enerji sarfiyatinin 2,24 kJ/m oldugunu
hesaplamigtir. Baykara calismasinda [17] 1 saat dayanim siiresine sahip, 450 knot hiza ve 15000 ft
yiikseklige cikabilen bir IHA tasarimi gerceklemistir. Farkli konfigiirasyonlara sahip prototiplerin
rlizgar tiinelinde testinin maliyetli olacagindan FIoEFD HAD yazilim ile farkli konfigiirasyonlardaki
araglarin limit hiz tepkileri incelenmistir. Ceylan ¢alismasinda [18] turbojet ve pervaneli yiiksek irtifa
tasarimlari incelemis olup, 1,5 m kanat agikligi olan, 3.1 kg itki iiretebilen, 2.2 kg agirhiginda, 25 dk
ucus yapabilen dlgekli ve pervaneli bir model olusturmustur. Konar ise ¢alismasinda [19] IHA larin
menzil ve ugus siirelerinin iyilestirilmesi konusunda termal hava akimlarini incelemis, stabil ve
manuel ugus modlarinda termal hava akimi kullanimi ile yapilan ugusta %61 daha fazla bir ugus siiresi
elde etmistir.

3. MATERYAL ve YONTEM

3.1. Tasarim Ergonomisi

Tasarlanacak IHA nin amacinin siparis noktalarina inis yapabilmesi olmasindan dolayi arag se¢imi bu
noktada en dnemli kriterlerden birisi haline gelmektedir. Siparislerin verildigi noktalarda inis kalkis
pistleri bulunmayacagindan dolay1, aracin dikey kalkis ve inig ozelliklerine sahip olmasi ¢ok
onemlidir. Kalkis ve inis i¢in piste ihtiya¢ duymamast ve multicopterlerden ¢ok daha hizli hareket
edebilmesi VTOL araglar1 daha verimli kilmaktadir. Tasarlanan IHA’da, dikey kalkis dzelliginden
0diin verilmeden standart VTOL araglardan daha az motor sayisi ile ekonomiklik ve sadelik
hedeflenmistir. Ara¢ Oniinde bulunan 2 adet motora tilt hareketi verilerek, yatay hareketi saglamak
icin ekstra bir motordan kar saglanmustir.

3.2. Tasarim Asamalari

Arag tasarimina Oncelikle elektronik donanimlarin boyutlar1 ve agirliklari hesaplanarak baslanmustir.
Balsa malzemeden iiretilen govdenin sase gorevi goérmesi i¢in koza gegmeli gévde yontemine gore
parcalarin ¢izimi Solidworks isimli CAD programu ile gergeklestirilmistir. Ugak {izerindeki sase
baglanti elemanlart da programda ¢izilip STL formatina doniistiiriilditkten sonra FDM baskiya hazir
hale getirilmistir.

IHA’da hafiflik ve iiretim kolayhi@ agisindan flat elevator ve rudder tasarimi kullamlmistir.
Hesaplanan reynold sayisi ve 15 m/s seyir hizi i¢in s7055 profili tercih edilmistir. 1.4 m kanat agiklig1
0,34 m? kanat alani ve 1,20 m uzunlua sahip IHA’nin motorlari agirlik merkezine gore
konumlandiriimistir.  Uretim igin gerekli olan profiller Dxf formatinda alinarak iiretim plam
¢ikarilmigtir. Govde boyutlart icin elektronik donanimlarin Olgiileri ve agirliklari hesaplanmis,
sonrasinda aerodinamik esaslar goz Oniine alinarak geometrisi tasarlanmistir. CAD programi
iizerinden tiim bilesenler ¢izilmis veya hazir bulanan ¢izimleri kullanilarak gévde igerisi optimum
sekilde kullanilmistir.

Tiim THA bilesenlerinin yerlesimi yapildiktan sonra dikey kalkisi saglayacak 3 dikey motorun
konumlar1 Sekil 1’de goriildiigii bi¢imde ugagin agirlik merkezine gore 120 derecelik agiya denk
gelecek sekilde gerceklestirilmistir. Icra edilecek gorevde faydali yiik (yemek) tasimak igin de govde
altina ylik tagima haznesi tasarlanip yerlestirilmistir.
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Sekil 1. 3 dikey motor konumlari.

SolidWorks yazilimi ile IHA iizerine analizler yapilmis olup, Sekil 2’de kanat analizi, Sekil 3 ve Sekil
4’te govde analizleri, Sekil 5°de THA iizerindeki hiz vektorleri ve Sekil 6°da IHA parametre degerleri
gosterilmigtir.

BALSA PLAKA

» 2 Elastik modiil:3000 N/mm2
Possion orani: 0.29 N/A
Kayma modili:299 N/mm2
Kitle yogunlugu:159 kg/m3
Gerilme direnci: N/mm2
Basing Dayanimi: N/mm2
Akma Dayanimi: 19 N/mm2

w

Sekil 2. Kanat analizi.

PLAMALZEME

Elastik mod(ld:3500 N/mm2
Possion orani: 0.3 N/A

21N, 5 Kayma mod(ilii: 100 N/mm2

N Kitle yogunlugu:1240 kg/m3

Gerilme direnci: 49 N/mm2

" Basing Dayanimi: 41 N/mm2
wa Akma Dayanimi: 60 N/mm2

“
l -
I .

Sekil 3. Govde analizi 1.
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Sekil 4. Govde analizi 2.
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Sekil 5. THA {izerindeki hiz vektorleri.

Name Current Value Progress Criterion Averaged Value
GG Force (Y) 1 13.5338 N ] 2.0691 N 12,7348 N

GG Friction Force (X) 1 0.639669 N 0.083627 N 0.622548 N

GG Max Temperature (Fluic 293.649K 0.0122523 K 293.649 K

GG Max Total Pressure 1 106312 Pa 5897.78 Pa 106731 Pa

GG Max Velocity (X) 1 35.2696 m/s 23334 m/s 35.5621 m/s
GG Max Velocity (Y) 1 12.568 m/s 0.536004 m/s 12,2305 m/s
GG Max Velocity (Z) 1 10.9277 m/s L. | 1.192%91 m/s 11.4426 m/s
GG Max Velocity 1 44,6174 m/s 1 37% 412671 m/s 46,9495 m/s

Sekil 6. IHA parametre degerleri.

Tasarim asamalar1 sonucunda olusan IHA’nin render hali Sekil 7°de ve teknik cizimi Sekil 8’de
gosterilmistir.
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Sekil 7. THA Tasarim (Render).
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Sekil 8. THA teknik resmi.

3.3. Elektronik Aksam
Ugcus kontrol kart1 olarak Pixhawk Cube Orange kullanilmistir. Yiiksek hassasiyete sahip olan ugus

kontrolciisii optimum bir ucus saglamaktadir. QR kod ile faydal1 yiik haznesinin agilmasi, kamera ile
goriintii aktarimi ve LTE baglantis1 ile veri aktarimi gibi gorevlerin kontrol edilebilmesi igin
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Raspberry Pi 4b kullanilmigtir. Yiiksek veri orani ve pozisyon tutarliligindan dolayr Here 3 Can GPS
modiilii kullanilmistir. Hava aracinda gerekli itki i¢in, 6n motorlar SunnySky x2216, arka motor ise
Sunnysky x2826 olarak tercih edilmistir. Motor verilerinden alinan bilgiler dogrultusunda maksimum
akim degerlerini karsilayan Hobbywing Xrotor 40a ESC tercih edilmistir. 6 dk olarak dngiiriilen gorev
stiresi boyunca gerekecek giicli saglayabilmesi igin Leopard 3s 6200 mAh Lipo batarya tercih
edilmistir. Ugus esnasinda anlik verilerin yer istasyonuna iletilebilmesi igin alisila gelmis telemetri
modelleri yerine internet lizerinden haberlesme saglanmistir. Bernoulli ilkesine dayanarak basing farki
ile hiz dl¢iimiine olanak saglayacak olan “Diferansiyel Airspeed Sensor” kullanilmistir. Aracimizda
kontrol yiizeyleri hareketi i¢in 2 kg torka sahip 4 adet mg90s servo motor, dikey kalkis modundan
yatay ugus moduna gegerken hareketin saglanabilmesi igin 15 kg torka sahip 2 adet Makeblock Robot
Servo ve faydali yiik haznesinin hareketini saglayan 15 kg torka sahip mg996r servo motor
kullanilmistir. IHA iizerindeki giic dagitimi 14, 16 ve 22 awg kablolar ile saglannustir. Kablolama
arasinda ise xt60 gii¢ konnektorii kullanilmustir. Li-Po batarya lizerinden saglanacak olan giiciin biitiin
sistemlere aktarilmasinda 264 A matek pdb kullanilmistir. Opto tipi Esclerde bec bulunmadigindan
dolay1 servolar i¢in 2 adet 5V-3A BEC, Raspberry Pi i¢in ise pdb iizerindeki BEC kullanilmistir. Hava
aract lizerinde bulunacak olan tiim motorlarin maksimum akim degeri 120 A’dir. Bu deger goze
alindiginda sistem giivenligini saglamak amaciyla 200 A sigorta ve anahtar kullanilmistir. 2.4 Ghz
frekansa ve 3,4 km menzile sahip “RadioLink R9DS” alict kullanilmistir. Kamera olarak Raspberry Pi
4 ile uyumlu 1920x1080 Pixel ¢oziiniirliik ve sabit odak 6zelliklerinden dolayr model v2 kamera
tercih edilmistir. IHA elektronik devre semasi Sekil 9°da gdsterilmistir.

‘GPS HERE
CAN3

DIFERANSIVEL
AIRSPEED
SENSOR

6200 mAh Li-PO BATARYA -
@) e
e

Sekil 9. THA elektronik devre semasi.

KAMERA
MODEL V2

l_l

RASPBERRY Pi4

GUC DAGITIM ——
KARTI (PDB)

3.4. Haberlesme ve Kontrol

Insansiz hava aracinda tagimabilir 4.5 G mobil Wifi modiilii kullanilmigtir. Raspberry Pi tasinabilir
dagitic1 yardimui ile internet erigimine agiktir. Pixhawk’dan alinan ugus verileri Raspberry Pi {izerinden
bulut teknolojisi kullanilarak internete aktarilmakta ve Raspberry Pi lizerinde haberlesme yazilimlari
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ile aracimiz teorik olarak sinirsiz bir menzile sahip olmaktadir. Ayrica yer istasyonu olarak internet
erisimi olan tiim cihazlar kullanilabilmektedir. Ara¢ tamamen otonom ugus yapmasmna karsin
olusabilecek risk anlarinda ara¢ kontroliiniin pilot tarafindan devir alinabilmesi i¢in 2.4 Ghz frekansa
ve 3,4 km menzile sahip “RadioLink R9DS” alic1 kullanilmustir.

3.5. Yonetim Yazilinm ve Mobil Yazihm

Tasarlanan IHA’y1 kontrol etmek igin yazilan arayiiz vasitasi ile mobil uygulama iizerinden siparis
almip ilgili adrese teslim edilebilmektedir. Yazilim, Firebase veri tabanina aktarilan siparis ve konum
verilerini ¢ekerek, alinan koordinatlara gore ugus gorevini arayiiz lizerinde bulunan “yola ¢ik” komutu
ile baslatabilmektedir. Arayiiz yazilim i¢in Phyton ve QT Kiitiiphanesi, QR kod okutulmasi i¢in
OpenCV ve otonom ugus i¢in ise DroneKit kiitiiphanesi kullanilmistir. Ugak ile baglantt TCP port ile
internet lizerinden saglanmustir. Sekil 10°da goriildiigii lizere arayiiz iizerinde bulunan kisimlar: arag
iizerinde bulunan yiik (yemek) haznesinin hareketleri i¢in agma/kapatma butonlar1 ve IHA nin anlik
olarak hiz, irtifa, konum ve kamera goriintiisiinii goriintiileyebildigimiz alanlardir.

Sekil 10. IHA nin anlik olarak hiz, irtifa, konum ve kamera goriintiisii.

Siparisleri almak ve teslim etmek icin gelistirilen mobil uygulama yaziliminda Flutter teknolojisi
kullanilmistir. Menii sayfasindan yapilan segimle sepetim sayfasinda alinan kullanict ve konum bilgisi
Firebase veri tabanina kayit edilmistir. Sekil 11°de goriildiigii gibi Mobil uygulamada kullanim
kolaylig1 agisindan giris, menii, sepetim ve siparis teslimat sayfalar1 bulunmaktadir. Sekil 12°de de
mobil uygulama onay sayfasi ve QR kodu goriilmektedir.
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Sekil 11. Mobil uygulama giris ve menii sayfalari.
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Sekil 12. Mobil uygulama onay sayfasi ve QR kodu.
Sekil 12°de goriilen mobil uygulama {izerinden siparis verme islemi tamamlandiktan sonra

bilgilendirme sayfasinda bulunan “QR Okut” butonuna basildiginda ekrana gelen QR kodu, aracin
Oniinde bulunan kameraya okutuldugunda faydali yiik haznesi agilmaktadir.

10
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4. SONUCLAR ve TARTISMA

Yapilan uguslardan alman veriler ile ugus performans parametreleri Tablo 1°de verilmistir. Uretimi
gerceklestirilen IHA otonom bir sekilde ucabilmekte ve hedeflenen gorevleri basarili bir sekilde
gerceklestirebilmektedir.

Tablo 1. Ugus performans parametreleri.

Ucgus siiresi 6,3 dk
Seyir hizi 14 m/s
Stall hizi 10,382 m/s

Seyir irtifasi 30m

Doniis yaricapi 20m

Bu ¢aligsmada kurye, kargocu, postaci vb kisi ve kurumlara destek olacak olan, trafik sorunu olmayan
diisiik maliyetli, hizl1 ve lojistik bir VTOL IHA gelistirilmistir. Bu dogrultuda QR kod aktivasyonla
yiik tasima haznesi bulunan VTOL IHA tasarimi yapilmis ve iiretimi gerceklestirilmistir. Gelistirilen
IHA 30 m irtifaya, 14 m/s yatay hiza ve yiiksek manevra kabiliyetine sahip olmustur. IHA' nin kanat
acikligr 1400 mm, uzunlugu 1200 mm ve agirlig1 3 kg olacak sekilde iiretilmistir.

Tasarim ve iiretimini gerceklestirilen IHA ile toplamda 250 basarili ugus gergeklestirilmistir. Ayrica,
ilkemizde gergeklesen Havacilik, Uzay ve Teknoloji Festivali olan Teknofest’in Uluslararas: Serbest
Gorev Insansiz Hava Araglar1 yarismasma katihim saglanmustir. Hem yarisma finalistlerinin
belirlendigi son asama olan detayli tasarim videosu basligi altinda gonderilen raporda hem de final
yarismalarinda Tiirkiye birinciligi elde edilmistir.
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Bu arastirma Kiitahya Dumlupmar Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi
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Madencilik g¢alismalarinda ii¢ boyutlu yiizeylerin ve verilerin elde edilmesi proje hassasiyeti ve
giivenilirligi agisindan bilylik 6nem arz etmektedir. Teknolojik gelismelerle birlikte bu gibi ¢alismalar
daha kolay hale gelebilmektedir. Stabilite ¢aligmalari, madencilik haritalarinin ¢ikarilmasi, hacim
hesab1 ve benzeri ¢aligmalarda, ii¢ boyutta elde edilen veriler giiniimiiz teknolojileri vasitasiyla
kullanilmaktadir. Bu veriler agik veya yeralt1 isletmesi seklinde yiiriitiilen maden sahalarinda insansiz
hava araglar1 (IHA), uydu verileri, yersel dlgiimler, radar veya benzeri yontemlerle elde edilmektedir.
Bu ¢alismada bu verilerin elde edilme yontemlerini, madencilikte ¢esitli alanlardaki kullanimlarint ve
onemi hakkinda degerlendirmeler yapilmistir.

Anahtar kelimeler: 3B veri, Insansiz hava araci, Uydu, Radar, Yersel él¢giimler.

THE USE OF DATA OBTAINED IN THREE DIMENSIONS
WITH DIFFERENT DEVICES IN MINING STUDIES

ABSTRACT

Obtaining three-dimensional surfaces and data in mining works is of great importance in terms of
project precision and reliability. With technological developments, such studies can become easier.
The data obtained in three dimensions are used by today's technologies in stability studies, mining
maps, volume calculation and similar studies. These data are obtained by unmanned aerial vehicles
(UAV), satellite images, terrestrial measurements, radar or similar methods in mine sites operated as
open or underground operations. In this study, evaluations were made about the methods of obtaining
these data, their use in various fields in mining and their importance.

Keywords: 3D data, Unmanned Aerial Vehicle, Satellite, Terrestrial Measurements.
1. GIiRIS

Maden sahalarinda hizla gelisen teknolojilerin kullanimi giiniimiiz sartlarinda daha hizli ve verimli
sonuclarin elde edilmesi agisindan son derece 6nemlidir. Bir¢ok maden isletmesi artik bu teknolojileri
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kendi biinyesine katarak, kiralama veya danigman sirketler yoluyla kullanmaktadirlar. Insansiz hava
araglar1 (IHA), uydu, radar ve yersel 6l¢tim cihazlar1 bu cihazlara 6rnektir.

Son zamanlarda maden sektoriinde kullanilan THA, uydu, radar ve yersel dlgiim cihazlar1 (Total
Station, Kiiresel Navigasyon Uydu Sistemleri (GNSS) cihazi, vb.) acik veya yeraltt maden isletmesi
seklinde yiiriitilen madenlerde ¢ok siklikla kullanilmaktadir. Bu cihazlara {i¢ boyutta veri
iiretebildikleri i¢in sev stabilitesi, haritalamalar, sev deplasman hareketleri, alan ve hacim hesaplari, ti¢
boyutta yeralt1 galerileri olusturma, galeri stabilitesi ve benzeri konularda ihtiyag duyulmaktadir [1,2].

Ug boyutta elde edilen veriler genellikle X (Dogu veya Bat1), Y (Kuzey veya Giiney) ve Z
(Yiikseklik) yoniinde konumsal degerlere sahip olan verilerdir. Sayisal Yiikseklik Modeli (SYM),
Sayisal Arazi Modeli (SAM), nokta bulutu veya ortofoto gibi veriler konum degerlerine sahiptir ve
genellikle maden sahalarinda hacim hesab1 ve yiizey modellemelerinde kullanilmaktadirlar [3].

Yavuz [4] acik maden isletmelerinde THA kullanimlarinin ve elde edilecek sonug verilerinin analizini
yapmustir. Yapilan analizde IHA larin Sayisal Yiikseklik Modellerinin (SYM), esyiikselti egrilerinin,
cevher ve stok alan ve hacim hesaplarinin elde edilmesinde bagarili olduklar1 belirtilmistir. Kun ve
Ozcan [5] insansiz hava aracinin (IHA) bir maden ocaginda hacim 6l¢iimii igin kullanmuslardir. Nokta
bulutu, Sayisal Yiikseklik Modeli (SYM) ve orto-mozaik gibi verilerle ve 12 milyon nokta ile £17 cm
hassasiyetinde hacim hesabi yapilmistir. Kun ve Giiler [6] Antalya ili Korkuteli’nde bulunan bir
mermer ocaginin verimini IHA ile 15 aylik diizenli veriler alarak hesaplamaya calismislardir. 120 bin
m? kazi1 ve 110 m® pasa hacimi hesaplanmustir. Ocak verimi ise %8,74 olarak hesaplanmustir. Sener [7]
Isparta Kasimlar kdyii sahasinda kaya diigmelerini IHA ile 3 boyutta modellemeye calismustir. Sahada
olas1 diigme riski bulunan boyutlar1 26 m?® ile 355 m® arasinda olan 4 blok saptanmustir. Kabadayi [8]
Mugla ili Yatagan ilesinde bulunan bir maden sahasinda GNSS ve IHA verileri ile hacim hesaplarini
karsilastirmustir. Iki cihaz ile yapilan hacim hesaplarinda %1,3 fark oldugu tespit edilmistir. Ancak
IHA ile 40 dakikada yapilan 6lgiimiin GNSS ile 3 saati buldugu ifade edilmistir. Kabaday: [9]
Balikesir Cavlan maden ocagmi [HA ile haritalandirmaya ¢alismistir. Yer kontrol noktast (YKN),
Sayisal Yiiksekli Modeli (SYM) ve ortofoto verileri ile uygulama gergeklestirilmistir. GNSS ve Total
Station ile elde edilen haritalardan daha kisa siirede ve daha az maliyetle sonuglar elde edildigi ifade
edilmistir. Yiiksel [10] agik isletme sahalarinda kullamilan IHA’larin kullanimi hakkinda yaptig
derlemede THA’larm zor saha kosullarinda bile havadan &lgiim alabildigini, hizli alan ve hacim
hesabina olanak sagladigini, pratik ve az maliyetli oldugunu dile getirmistir.

Konumsal bilgilerin elde edilmesinin yaninda kayaclarin tenor dagilim bolgeleri, kullanilan kamera
tirlerine (Termal veya Multispektral kameralar) gore maden sahasindaki kaya¢ malzemelerinin
tiirlerinin tespiti, termal kameralar ile kendiliginden yanma olan komiir stoklarinin analizi, konsantre
ve pasa sahalarinda IHA ile parga boyut analizi gibi degisik alanlarda caligmalar ihtiyaca gére
sekillendirilebilmektir [1,11-14].

Bu c¢alismanin amaci, son zamanlarda {i¢ boyutta veriler olusturabilen cihazlarin madencilik
caligmalarinda farkli alanlardaki kullanimlari, veri olusturma yontemleri ve Onemleri hakkinda
farkindalik yaratmak ve degerlendirmelerde bulunmaktir. Bu sayede maden sahalarinda
kullanilabilecek cihazlarin seciminde kolaylik saglanacag: diistiniilmektedir.
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2. MADENLERIN HARITALANDIRILMASI

Maden sahalarinda Total Station gibi yersel 6l¢iimlerle veri elde eden cihazlarin kullanimi giiniimiiz
madencilik ¢alismalarinda IHA kullammina gére daha az oranda olmaktadir. insansiz hava araglari
daha fazla alami yiiksek hassasiyette ve daha kisa zamanda tarayabilmekte ve veriler
olusturulabilmektedir. Bu veriler MAPEG (Maden ve Petrol Isleri Genel Miidiirliigii) Harita
Standartlari’ndaki [15] 6l¢iim hassasiyetlerine (+7 cm) gore elde edilebilmektedir. IHA siiriicii ehliyeti
ve haritacilik bilgisi olan kisiler bu ¢aligmalar: yiiriitebilmektedir (Sekil 1).

LEJAND
T T T s } ‘ [ B aone (] e - [
gt B
58 wEWT: ;- — o ] swssame
. I (] svmnimason [T]] v
= - - D =

Sekil 1. MAPEG halihazir haritalarina ait bir 6rnek [16].

Gergek Zamanli Kinematik (RTK), Sonradan Islenmis Kinematik (PPK) sistemi destekli IHA’lar ile
daha az yer kontrol noktas1 (YKN) kullanilarak daha kisa siirede ii¢ boyutta veriler elde edilmektedir.
Ayrica bu sistemlerden daha hassas ve mm diizeyinde veriler elde edilebilen Lidarli IHA lar ile de
veriler olusturulabilmektedir[17]. Kiiresel Navigasyon Uydu Sistemleri (GNSS) cihazlan ile yer
kontrol noktalar1 yeryiiziinde isaretlenerek hassasiyet artirilmaktadir. Bu cihazlar Tiirkiye Ulusal Sabit
GNSS Ag Aktif (TUSAGAKTIF) agmna baglanarak cm hassasiyetinde konum bilgisi elde
etmektedirler. THA cihazindan elde edilen ve konum bilgisi olan goriintiiler ile goriintii isleme
yazilimlari kullanilarak (Agisoft Metashape, DJI Terra, Pix4Dmapper, vb.) maden sahalarinin iki veya
iic boyutta hassas verileri olusturulmaktadir (Sekil 2).
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Sekil 2. IHA ucus plam ve fotograf ¢ekim konumlarina ait bir 6rnek [9].

Total Station ve GNSS cihazlarindan elde edilen veriler yardimiyla maden haritalar1 yapilabilir.
Ancak IHA’lara kiyasla daha fazla zamanda daha az alanda haritalama yapilabilmektedir. Total
Station yansiticilar1 ya da prizmalari ve GNSS cihazi gezici istasyon ile nokta kotlar1 elde
edilebilmektedir. Sev istii, sev alti, diizliikler veya diger maden bdlgeleri noktalar1 birlestirilerek
madencilik programlari (Netcad, Micromine, Datamine, Virtual Surveyor, vb.) ile harita detaylar1
olusturulabilmektedir (Sekil 3).

Sekil 3. Total Station (a) ve GNSS (b) ile nokta alim [18].
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3. ALAN ve HACIM HESAPLAMALARI

Madencilikte alan ve hacim hesaplart iki boyutlu ve ii¢ boyutlu yiizeylerin elde edilmesiyle
yapilmaktadir. Bu hesaplamalar1 yapabilmek i¢in yersel 6l¢tim cihazlarina (GNSS, Total Station, vb.),
IHA, radar, yersel lazer tarayicilar veya uydu goriintiilerine ihtiya¢ duyulmaktadir.

Alan hesaplamalari geometrik yontemler, Gauss alan hesabi, en kesit yontemi veya madencilik
programlarina girilen noktalar yardimiyla elde edilmektedir. Hacim hesaplamalar1 ise genellikle
madencilik (Netcad, Datamine, Micromine, Surpac, vb.) ve fotogrametri yazilimlar (Agisoft
Metashape, Pix4DMapper, DJI Terra, vb.) vasitasiyla elde edilmektedir [19,20]. Yazilimlar tarihler
arasinda modeller olusturularak iki model arasinda olugan kazi veya dolgu hacmini verebilmektedirler.
Modellerdeki kazi veya dolgu hacmi tek bir arazi modelinden kotlara veya model tabanma gore
hesaplanabilmektedir (Sekil 4).

Sekil 4. Pix4D programindan elde edilen 6rnek hacim hesabi [20].

IHA ve yersel dl¢iim cihazlariyla arazi modeli olusturularak hesaplanan hacimlerde IHA larin araziyi
daha iyi modelledigi ve daha net hacim hesaplar1 olusturduklar1 goriilmektedir [21]. Sekil 5’teki
ornekte IHA ve yersel dlgiim cihazlar1 kiyaslamasinda kazi alam yarma ve dolgu hesaplamalari igin
191 m® dolgu ve 401 m® yarma hacim farki elde edilmistir. Bu durum ise hesaplama hassasiyetinde
[HAlarin daha 6nde oldugunu gostermektedir [22].
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Sekil 5. THA (a) ve Yersel Olgiim (b) ile hacim hesabi igin arazi modelleri [22].

Yersel lazer tarayicilar ve IHA’lar ile agik isletme yiizey ¢alismalarinin [23,24] yani sira bu cihazlar
ile yeralt1 galerileri modellemeleri de yapilarak kazi plant veya hacim hesab1 yapilabilir. 360 derece
donebilen cihazlar galeri cidarlarmin yaklasik tiimiinii olusturabilmektedirler. Bu sayede hesaplamalar
cihazlarin olusturdugu nokta bulutlar1 vasitasiyla son derece hassas olmaktadir (cm hassiyetinde) [25—
29] (Sekil 6).

Sekil 6. Yersel lazer tarayici (1) ve IHA (2) ile 3 boyutta galeri olusturma [25,27].
Alan ve hacim hesaplarinda yukarida bahsedilen teknolojilerin kullanimi, madencilikte maliyet

hesaplarinin (cevher veya pasa yigim hesaplart) net olarak tahmininde, acik ve yeralti isletme
madenciligi tasarimlarinin hassasliginda ve miiteahhit firma rodévans hesaplarinda yardime: olacaktir.
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4. UYDU CALISMALARI

Gelisen teknolojilerle birlikte uydu verileri miihendislik caligmalarinda siklikla kullanilmaya
baglanmustir [30,31]. Bu veriler koordinat degerlerine sahip veriler olmakla birlikte miihendislik
calismalarinda farkli alanlarda kullanilabilmektedir. Genel olarak koordinat degerlerine sahip ylizey
sicakliklari, iklim, atmosferik kosullar, alan hesaplamalari, dijital yiizey modelleri, dijital yiikseklik
modelleri, egim, baki ve deplasman hareketleri analizleri gibi caligmalar yapilmaktadir. Landsat,
Sentinel, MODIS ve benzeri uydu goriintilleri Google Earth Engine, QGIS, ArcGIS ve benzeri
programlarla analiz edilebilmektedir [32-34].

Madencilik galismalarinda uydu verileri genel olarak yiizey deplasman hareketleri, agik ocak cevher
ve pasa alanlar1 tespiti, yiizey sicakliklari tespiti ve emisyon degerleri analizleri i¢in kullanilmaktadir
[28].

Tirkiye Amasya ili Elikteke kOyiinde bulunan mermer ocaginda olmasi muhtemel deplasmanlar
Sentinel-1A uydu goriintiileri ve PSI teknigi ile analiz edilmistir (Sekil 7). Sahanin kuzey-giiney
yoniinde bityiik deformasyonlarin olustugu tespit edilmistir [35].
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Sekil 7. Uydu verileri ile deplasman analizi [35].

Avustralya Queensland bolgesindeki agik ve yeraltt maden ocaklarmin olusturdugu metan emisyonlari
2 yillik TROPOMI uydusu goézlemleri ve bu cihaza uyumlu algoritmalar ile tespit edilmistir (Sekil 8).
Bu emisyonlarin yaklagik %40’min Hail Creek’deki maden sirketlerinden kaynaklandigi tespit
edilmistir. Metan emisyonun ¢ok oldugu bdolgelerde metan kazanimi tesislerinin olusturulmasi igin
yatirim tavsiye edilmistir [36].
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Sekil 8. Uydu verileri ile metan salinimi analizi [36].

Polonya Legnica Glogow sehrindeki yeralti bakir madenin 2014-2019 yillar1 arasinda yiizeyde
olusturdugu tasmanlar 400 Sentinel-1 uydu goriintiileri ile analiz edilmistir (Sekil 9). Bazi bdlgelerde
70 cm’i asan tasmanlar olustugu gozlemlenmistir. O boélgelerde alinmasi gereken Onlemler
sunulmustur [37]. Italya Tuscany bolgesindeki yeralt1 madenin yiizeyde olusturdugu deplasmanlar ve
obruklar Sentinel-1 uydu goriintiileri vasitasiyla tespit edilmeye ¢ahisilmigtir. 250 mm/yil’a kadar
deplasmanlar olustugu ve 100°e yakin farkli biiyiikliikte obruklarin meydana geldigi tespit edilmistir
[38].
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Sekil 9. Tasman bolgeleri analizi [37].
Madencilik g¢alismalarinin belirli kanun ve yonetmeliklerle ¢evreye asgari hasar verecek sekilde

yiiriitilmesi istenmektedir. Ancak bu kurallara uymayip ¢evreyi izinsiz olarak kullanan ve tahrip eden
birgok maden sirketi bulunmaktadir. Bu sirketleri kiigiik bir bolgede kontrol etmek THA’lar vasitastyla
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olabilmektedir. Ancak daha biiyiik alanlardaki birgok maden sirketini kontrol etmek uydu
teknolojisini gerektirmektedir. izin verilen isletme smirlarinin asilip asilmadigimi, atik sahasinin
alansal olarak tahribatini, maden ve atik sahasi tespiti, yerlesim yerine madencilik faaliyetlerinin
yaklasip yaklasilmadigin1 Landsat ve Sentinel gibi uydu goriintiileri ile takibine yonelik ¢alismalar
artmaktadir [30,32,33,39] (Sekil 10). Bu sayede doganin korunmasi, madencilik faaliyetlerinin
izlenmesi ve denetlenmesi saglanmis olacaktir.

Sekil 10. Uydu goriintiileri vasitasiyla madencilik faaliyetlerinin izlenmesi-agik kahverengi bolgeler:
madencilik ¢aligmalar1 yapilan yerler [33].

5. STABILITE CALISMALARI

Sev stabilitesi ¢aligmalart agik isletme seklinde yiiriitiilen maden isletmelerinde genel olarak 2 boyutta
alman kesitlerden yapilmaktadir. Bu yaklasim maden ocaklarindaki tiim geometrilerin ve kayag
birimlerinin biitiinsel olarak degerlendirilmesinde eksiklikler ortaya ¢ikarabilmektedir. Dolayisiyla
teknolojik c¢aligmalar ile 3 boyutta elde edilen veriler vasitasiyla sev stabilitesi ¢aligmalart maden
ocaklari i¢in giivenli ¢alisabilme olanaklar1 saglayabilmektedir.

Sondaj verilerinden elde edilen veya yerinde goézleme dayali olusturulan kesitlerle g¢alismalar
yiiriitilmektedir. Ancak bu kesitler tim sahanin belirli bir bolgesini yansitmakta, tiim sahay1 temsil
etmemektedir. Dolayistyla maden ocagmin tiim geometrisi ve kaya mekaniksel oOzellikleri bu
calismalarda yer almamaktadir. Bu durum ii¢ boyuttaki ¢aligmalarin degerlendirilmesi gerektigini
ortaya koymaktadir [40—46].

Uc boyutta yapilan sev stabilitesi ¢aligmalar1 genel olarak giiniimiizde kullanilan modern teknolojileri
icerebilmektedir. Bunlar maden sahasi yiizeyinin IHA’lar vasitasiyla elde edilmesi, madencilik
yazilim programlar1 ile olusturulan maden yatagi katmanlar1 ve kaya mekaniksel veriler
olabilmektedir.
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Iki ve iic boyutlu sev stabilitesi caliymalarinda olusan emniyet katsayisi degerleri farkli
olabilmektedir. Cesitli aragtirmacilarin [47-49] Avustralya’daki Pilbara demir madeninde yaptiklar
sev analizlerinde iki boyutta elde edilen sev analizleri sonuglarinin (FOS) ii¢ boyuttaki analizlere
kiyasla maden sahasinin bazi bolgelerinde yaklasik yiizde 25’e¢ (FOS) kadar daha az oldugunu
vurgulamislardir (Sekil 11). Bu durumun sebebi olarak 3 boyutta daha fazla geometrinin ve yiikiin
hesaplamalara katildigi belirtilmistir. Sev emniyet katsayilarindaki bu fark maden isletmelerindeki
tasarimlar1 degistirebileceginden dolay1 maliyetleri etkileyecegi diistiniilmektedir.

o FOS=1.10

FOS=0.733

Sekil 11. Ug ve iki boyutta sev emniyet katsayilar1 [49] (FOS: sev emniyet katsayis1).

Ug boyutlu sev stabilitesi hesaplamalarinda maden yatagi geometrisi, kaya mekaniksel veriler,
stireksizlik konumlar1 ve benzeri veriler sisteme dogruya yakin bir sekilde aktarildiginda sonuglar
gercek degerlere yakin olabilmektedir. Sev yenilmelerinin oldugu veya olabilecegi bolgeler dogru
tahmin edilebilmektedir. Bar vd. [50] yaptiklar1 ti¢ boyutlu sev dizayn hesaplamalarinda 24 metre
yiikseklik ve 40 metre genislikte olan diizlemsel kaymay1 hesaplamalarda ortaya cikarabilmislerdir
(Sekil 12). Bu durum dogru model ve veri ile gercege yakin sonuglarin elde edilebilecegini
gostermektedir.

1Zhik bolgesi

Sekil 12. Ug boyutlu diizlemsel kayma [50].

Yersel 3 boyutlu lazer tarayicilar, I[HA’lar, sentetik agiklikli radarlar (SAR) ve benzeri cihazlar agik
veya yeraltt maden isletmelerinde deformasyon analizi, ylizey hareketlerinin hiz tespiti, yiizey
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modellemeleri, tasmanlarin yiizeye etkisi, li¢c boyutta sev stabilitesi gibi ¢esitli ¢alismalar ile stabilite
problemlerinin ¢6ziimii saglanabilmektedir [31,51-59] (Sekil 13).

Sekil 13. Saha yersel radar1 goriintiileri ile yiizey deplasman tayini [60].

m

5. FARKLI ALANLARDA CALISMALAR

Madenlerin haritalandirilmasi, alan ve hacim hesaplamalari, uydu ve stabilite ¢alismalari madencilikte
iic boyuttaki veriler ile yapilan gerekli ana ¢aligmalardir. Bu ¢alismalarin yaninda maden sahalarinda
ihtiyaclar dogrultusunda farkli calismalar yapilabilmektedir. Bu calismalar da gogunlukla THA ve
uydu gibi ayni cihazlar kullanilmaktadir.

Can vd. [12] Balikesir Bigadi¢ bor madeni isletmesinde bor ve diger maden tiirlerinin fotogrametrik
yollarla tespiti i¢in RGB, multispektral ve termal kameralar ile ortofotolar iiretmislerdir. Bu
ortofolarin analizi i¢in Temel Bilesen Analizi (TBA) kullanarak maden tiirleri tespiti yapilmustir.
Zeolitik tif ve bor tespitinde sirasiyla yaklagik %87 ve %80 oraninda dogruluk saglanmistir (Sekil
14).

B Kil Tag
= I Bor

I Silt Tag
[ Kireg Tasi

Ren vd. [14] yaptiklar1 ¢aligmada Cin Wangzhuang komiir madeni atik sahasinda rekiiltivasyon
calismalar1 sonrasi kendiliginden yanma olabilecek bolgeleri IHA ortofotolari ve kullandiklar1 analiz
metodu (Alfalfa Aboveground Biomass: AGB) yardimiyla degerlendirmislerdir (Sekil 15). AGB
metodu kendiliginden yanma olan bélgeler ve zemin sicakligi artan bdlgelerde yaklasik %60 oraninda
tahmin basarist sagladigi belirtilmistir.
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Sekil 15. Komiir atiklar1 kendiliginden yanma bolgeleri tahmini [14].

Padro vd. [61] Ispanya Terrassa sehri agrega malzemesi (kum ve gakil) ¢ikarilan isletmede patlatma
ve kazi gibi madencilik islemleri sonucu yiizeylerde olusan erozyonlarin, su kanallar1 ve havzalarinin
analizi icin THA gériintiilerini kullannuslardir. Sekil 16°da goriilen, erozyon ve su kanallari olusan
bolgelerde sev stabilitesi i¢in ek dnlemler ve tasarim degisiklikleri onerilmistir.
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Sekil 16. Madencilik ¢aligmalar1 sonucu olusan yiizey erozyonlari tespiti [61].

Maden sahasi rekiiltivasyon calismalarinda agaglarin konumlari ve sayilari tespiti son derece
onemlidir. Rekiiltivasyon raporlama islerinde aga¢ ekiminin hangi bolgelerde ve sayida yapilmasinda
fikir verecektir. Luo vd. [62] calismasinda THA ve gelistirdikleri algoritmalar1 kullanarak komiir
madeni sahasinda bulunan agaglarin sayisini ve konumlarini tespit ederek rekiiltivasyon islemlerinde
katkida bulunmuslardir (Sekil 17).
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Sekil 17. Maden sahas1 agag sayis1 tespiti [62].

Yukarida belirtilen ¢aligmalar diginda IHA ile parca boyut analizi [11], yeraltt maden islemlerinin
yeryiiziinde olusturdugu fissiir, catlak ve kiriklarmn IHA termal kameralar: ile tespiti [63], yeralt:
komiir madeni havalandirma kuyularindan sizan metan emisyonlarinin IHA ile belirlenmesi [64], IHA
oblik kameralariyla maden sahasi hacim degisikliginin sitirekli izlenmesi ve kontrolii [65], uydu
goriintiileri, IHA ve yersel gdzlemler ile maden atik barajinda olusabilecek sizmalarin ve diger negatif
durumlarin tespiti [34] ¢aligmalar1 bu gibi ¢esitli aragtirmalarin sayisimi artirmaktadir. Caligmalarin
cesitliligi arastirma konularina ve ihtiyaglara gore sekillenmektedir.

6. TARTISMA

Bu caligma farkli cihazlarla elde edilen ii¢ boyutlu verilerin madencilikteki ¢esitli ¢aligmalarda
kullanim1 ve degerlendirmelerini icermektedir. Bu cihazlarin kullanimi giiniimiiz teknolojisindeki
gelismeler sonucu gerekli hale gelmistir. Caligma stiresi kisaligi, hassasiyet ve kullanim kolayligi
saglamaktadirlar.

IHA’lar uydulara kiyasla biiyiikliiklerine ve &zelliklerine gore daha az oranda alan dlgiimii
saglamaktadirlar. Madencilik calismalar1 ¢ok biiyiik alanlarda yapilmadigi igin IHA’lar genellikle
yeterli olabilmektedir. Uydu ¢aligmalar1 daha ¢ok biiyiik alansal gézlemler (hava, sicaklik, nem vb.)
i¢in avantajlidir.

GNSS ve Total Station cihazlar1 nokta Ol¢iimii i¢in sev alti, sev istii ve diizliiklerde rahatlikla
kullanilabilmektedir. Ancak yersel dl¢iimler yoluyla bu 6lgiimler alindig igin daha fazla zamana ve
cihaza ihtiyag vardir. Tek bir IHA (RTK veya PPK destekli) ile bu dlgiimler yapilabilmektedir. Fakat
MAPEG’e verilen 6lglimlerde yer kontrol noktalar: istenmektedir. Yer kontrol noktalarinda ise GNSS
cihazlarina ihtiyag vardir. Dolayisiyla THA ve GNSS cihazlari birlikte kullanimi  zorunlu
olabilmektedir. Haritalama islerinde genellikle bu iki cihaz kullanilmaktadir.

Yersel lazer tarayicilar ve yersel radarlar stabilite problemi yasayan agik ve yeralti maden ocaklarinda
daha ¢ok kullanilmaktadir. Deplasman verileri, hiz 6l¢imii, alan ve hacim hesaplar1 gibi alanlarda
basarili cihazlardir. Haritalamada IHA, GNSS ve Total Station gibi cihazlara kiyasla yatirim
maliyetleri nedeniyle ¢ok az kullamlmaktadir.
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7. SONUCLAR

Bu calisma madencilik ¢aligmalarmin gerekli unsurlarindan olan {HA, GNSS, Total Station, yersel
lazer tarayicilar gibi cihazlarla veya uydu radar goriintiilerinin islenmesiyle elde edilen ii¢ boyutlu
verilerin kullanim alanlart ve degerlendirmelerini igermektedir. Bu alanlardaki gesitli uygulamalari ve
madencilik ¢aligmalarina katkilart sunulmustur.

Total Station ve GNSS cihazlar1 madencilik haritalama islerinde kullanilmaktadirlar. Stabilite
islemlerinde alansal olarak ¢ok fazla alanda galisamadiklari i¢in genellikle haritalama islerinde
yerlerini almaktadirlar. THA lara kiyasla kiigiik alanlardaki haritalama islerinde kullanacak kisiler igin
tercih edilebilirler.

IHA’lar madencilik sahalarinda cogunlukla kullanilmaktadirlar. Bu cihazlar cm hassasiyetinde veriler
olusturabilmektedir. Giiniimiiz kosullarinda maden sahalar1 i¢in cm hassasiyeti yeterli olmaktadir.
Gelisen teknolojilerle mm hassasiyetinde veriler de elde edilebilmektedir. IHA ve GNSS cihazlar1
ikilisi haritalama, gev stabilitesi, alan ve hacim hesaplarinda kolaylik saglamaktadirlar. Ayrica verileri
islemek uzmanlik dogrultusunda kolay olmaktadir. Giiniimiiz madencilik ve danigman sirketleri
calismalarinda kullanilmasi gerekli iki cihazi olarak tavsiye edilmektedir.

Yersel lazer tarayicilar ve yersel radarlar stabilite caligmalarinda yer bulmaktadirlar. Ancak bu
cihazlar IHA, GNSS ve Total Station gibi cihazlara kiyasla daha pahali ve olduk¢a maliyetli olduklar
icin her maden sahasinda bulunmamaktadirlar. Yiiksek hassasiyet igeren stabilite ¢aligmalart ve
metalik madenlerde 6nerilmektedirler.

Uzay radar verilerine (uydu) ulasim kolay olmaktadir. Ancak verileri islemek diger cihazlara kiyasla
daha zor olmaktadir. Algoritmalar olusturmak ve islemek uzmanlik gerektirdigi i¢in diger cihazlara
nazaran uydu verileri daha az tercih edilmektedir. Bu sebeple bu konuda uzman kisiler tarafindan
kullanilmasi ve degerlendirilmesi 6nerilmektedir.

Madencilikte {i¢ boyutlu (X, Y, Z yoniinde) verileri ve bu verilere bagh 6l¢iimleri (sicaklik, nem,
egim, vb.) elde etmek IHA, uydu, GNSS, Total Station, yersel lazer tarayicilar ve sentetik agiklikli
radarlar vasitasiyla olmaktadir. Bu cihazlar mithendislik ¢aligmalarimin hassasiyetinde yiiksek oranda
katkilar sunmaktadirlar. Teknolojik gelisimler cihazlarin 6zelliklerini ve dolayisiyla hassasiyetini
artiracaktir. Maden sirketlerinin bu teknolojik gelismeleri takip etmesi ve kullanmasi son derece
onemli ve gerekli olacaktir.

TESEKKUR

Bu caligmada madencilik ¢aligmalarinda {i¢ boyutta veri iiretebilen cihazlarin ¢esitleri ve degisik
kullamm alanlar1 hakkinda degerlendirmeler yapilmistir. Uc boyutta veri iiretebilen cihazlarla
yapilmis ve yapilacak caligmalara katki saglayan ve saglayacak tiim arastirmacilara tesekkiir ederim.
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ABSTRACT

Nanomaterials are one of the most popular materials that can be used in many fields in recent years.
According to the related definition, these materials are known to be formed by the combination of at
least one size less than 100 nm or very small materials. In nanomaterials, size is very important as it
generally provides information about their structure and properties. There are different synthesis
methods for the production of nanomaterials. The most preferred method among these is the
environmentally friendly green synthesis method. This method is a cost-effective, environmentally
friendly, non-toxic biological method. addition, the usage areas of nanomaterials vary depending on
their size. At this point, the dimensions of nanomaterials are; It can change their thermal, mechanical,
optical, electrical, and magnetic properties. At the same time, nanomaterials are widely used in the
materials and manufacturing industries, the medical-health industry, aerospace research,
environmental and energy systems, biotechnology, agriculture, and food industries. In light of this
information, within the scope of the study; The green synthesis production method of nanomaterials,
their dimensions, general properties, and characterizations used to determine their physical and
chemical properties are mentioned. In addition, research on drug release, antimicrobial, antifungal,
anticarcinogenic, and environmental applications of nanomaterials were presented. Within the scope
of these studies, it has been seen that nanomaterials are very interesting in the health sector, their
applications should be increased, and it has been concluded that nanomaterials can produce solutions
for many diseases with these applications. In addition, the data obtained show that nanomaterials with
properties that can be used in many areas are very promising for the future.
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NANOPARCACIKLARIN SENTEZI VE FARKLI ALANLARDA GUNCEL
UYGULAMALARI

0z

Nanomalzemeler son yillarda bircok alanda kullanilabilen en popiiler malzemelerden biridir. Bu
malzemelerin ilgili tanima gére en az bir boyutu 100 nm'den kiigiik veya ¢ok kiigiik malzemelerin bir
araya gelmesiyle olustugu bilinmektedir. Nanomalzemelerde genellikle yap1 ve 6zellikleri hakkinda
bilgi sagladig1 icin boyut ¢ok 6nemlidir. Nanomalzemelerin iiretimi i¢in farkli sentez yontemleri
bulunmaktadir. Bunlar arasinda en ¢ok tercih edilen yontem ¢evre dostu yesil sentez yontemidir. Bu
yontemin uygun maliyetli, cevre dostu, toksik olmayan biyolojik bir yontem oldugu bilinmektedir.
Ayrica nanomalzemelerin kullanim alanlar1 boyutlarina gore degismektedir. Bu noktada
nanomalzemelerin boyutlar;; Termal, mekanik, optik, elektriksel ve manyetik 6zelliklerini
degistirebilir. Ayn1 zamanda nanomalzemeler, malzeme ve imalat endistrilerinde, medikal-saglik
endistrisinde, havacilik arastirmalarinda, ¢evre ve enerji sistemlerinde, biyoteknolojide, tarim ve gida
endiistrilerinde yaygin olarak kullanilmaktadir. Bu bilgiler 1s1¢inda ¢aliyma kapsaminda;
Nanomalzemelerin yesil sentez iretim yontemi ve genel oOzellikleri, boyutlari, ilag salimi,
antimikrobiyal, antifungal ve antikarsinojenik ozellikleri ve c¢evresel uygulamalarina deginilmistir.
Elde edilen veriler dogrultusunda bir¢ok alanda kullanilabilecek 6zelliklere sahip nanomalzemelerin
gelecek icin umut verici oldugu goriilmektedir.

Anahtar Kelimeler: Biyoteknoloji, Nanomalzemeler, Nanoteknoloji, Cevre dostu sentez
1. INTRODUCTION

The origin of the term nanotechnology comes from the Greek word 'nano’ meaning ‘small'.
Nanoparticles range in size from 1 to 100 nanometers and are very small particles. Nanotechnology: It
is a science that examines biological, chemical, and physical structures and usage areas.
Nanotechnology can be defined as essentially consisting of the separation, assembly, and deformation
of materials by an atom or a molecule. Today, nanotechnology activities are widely used, especially in
the fields of industry and medicine, and facilitate human life. The main features that make
nanotechnology different from other branches are those materials behave more uniquely in this
dimension than in the macro-Earth. The weight/power ratio, optics, conductivity, and magnetic
properties change significantly as you move from the macro to the nanoscale. Developed countries
such as the USA, England, Germany, Singapore, Japan, and Austria conduct and use detailed research
on nanotechnology and size. At this point, nanotechnology has become a brand-new and
groundbreaking science with all its features [1-4]. Size is very important in nanotechnology and the
nanomaterials that come with it, and these materials are examined in 4 classes according to their
dimensions (zero, single, two, three dimensional). Of these materials, zero-dimensional nanomaterials;
is the name given to materials whose entire scale is at the nanoscale. They are different materials in
the form of nanopowder or nanodispersion. Today, these materials exist in different structures and are
produced by various research groups. For example, quantum dots, nanospheres, fullerenes, core
nanoparticles, and hollow nanospheres. One-dimensional (1D) nanomaterials are materials that have
two dimensions at the nanoscale and one dimension at the microscale. One-dimensional nanomaterials
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can be polycrystalline or single-crystalline, while impure nanomaterials can be chemically pure. Some
nanomaterials can be used on their own, but some may be embedded in the matrix. Examples of one-
dimensional nanomaterials are carbon nanotubes and metal oxide nanotubes, one-dimensional
nanomaterials. Two-dimensional (2D) nanomaterials are materials that are one-dimensional at the
nanoscale and two-dimensional at the microscale. Today, two-dimensional nanomaterials have
become more valuable and their usage areas are quite common compared to others [5]. Examples of
two-dimensional nanomaterials are graphene, boron nitride, molybdenum disulfide, nanofilms, and
nanocoating. Finally, three-dimensional (3D) nanomaterials are the name given to materials that do
not have any dimensions at the nanoscale. The most important differences that distinguish three-
dimensional nanomaterials from other types are distinctive differences such as high surface area [6],
surface porosity, optical, electrical, and magnetic properties. Examples of three-dimensional
nanomaterials are hydrogels and metal oxide lattices. When the application areas of these
nanomaterials are examined, it is seen that they are widely used [6]. For example, In the food industry,
nanomaterial applications are used to improve food packaging for quality and reliable food production
and to ensure traceability of food using biosensors. At the energy point, it increases lighting and
heating efficiency, increases electricity storage capacity, and reduces pollution in energy production
used for cleaning. For this sector, for example, the importance of nanomaterials used for new
generation batteries, fuel cells and super capacitors has increased today [7]. In addition to these,
nanomaterials are also widely used in the field of health. At this point, it is seen that it is widely used
in antibacterial, anticancer, carrier drug systems [8]. Nanomaterials are promising for many fields and
today many studies are carried out on nanomaterials. [9,10]. At this point, it is important to increase
the production and application areas of these materials.

Within the scope of the study, the production methods of nanomaterials with superior properties were
mentioned in general and it was shown that they have different application areas. At this point,
attention was drawn to the green synthesis method, one of the production methods, and especially
drug delivery systems and antibacterial applications were emphasized. In addition, the effects of
nanomaterials on the environment and human health are also discussed. By compiling these studies,
general information is given about the development and important effects of nanomaterials, especially
in the field of health.

2. NANOMATERIAL SYNTHESIS

Various synthesis methods are used to obtain hanomaterials. These synthesis methods can be said as 3
main topics, biological, physical, and chemical methods. Among the mentioned methods, the most
environmentally friendly, simple, and easy method is the biological method. This method of synthesis
is not limited to microorganisms but is also carried out using plant parts.

2.1. Physical Synthesis of Nanomaterials

This synthesis method is divided into two top-down and bottom-up. In the top-down synthesis
method, coarse materials are turned into powder using the grinding technique. The disadvantage here
is the difficulty of obtaining the desired particle size and shape [11]. When the particles obtained here
are compared with normal particles, it is seen that there are deviations in the magnetic properties of
the samples prepared with defects in the lattice parameters due to grinding synthesis [12]. In bottom-
up synthesis methods, nanoparticles in the liquid and gas phases are condensed. In this process, large
materials are obtained by combining small ions. Physical synthesis methods are detailed in the table
below [13-19].
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Physical Synthesis Methods of Nanomaterials
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Figure 1. Synthesis methods of nanoparticles [13-19].

2.2. Green Synthesis of Nanomaterials

As mentioned above, there are two approaches in the synthesis methods of nanomaterials: top-down
and bottom-up. In the first approach (top-down), large volumes of materials are broken into nano-
sized pieces. The second approach (bottom-up) is the opposite of the first approach and uses single
atoms to transform them into large materials. In addition, nanomaterial synthesis methods fall into two
main categories. One of them is the traditional method and the other is the green method. The use of
green synthesis is more common, as the potential harms of the traditional method outweigh the
benefits. A clean, safe, and environmentally friendly process is used in the green synthesis method. In
this method, microorganisms such as bacteria, yeast, fungi, and algae act as substrates. At this point,
the benefits from green synthesis extend to antimicrobial, natural reducing, and stabilizing properties.
In this synthesis, some of the green species are composed of specific enzymes, amino acid groups,
proteins, or chemical structures [16,20-23].

2.2.1. Herb and herb extract

In the green synthesis method, plant and food residues are used to create, without exception, the most
interesting and environmentally friendly nanomaterials. In this synthesis, certain chemical compounds
must be removed from plants and food wasted. Plant and food wastes are dried, ground, or cut to
remove these chemical compounds. After these processes are done, it is filtered and stored at 4C°[24].
These obtained reagents have a range of bioactive molecules depending on the specific plant and plant
materials from which they are extracted. These plant extracts contain flavonoids, terpenoids, and
phenols. [25,26] Plant extracts are not only limited to these compounds but also proteins, glycosides,
and polysaccharides play a role in the synthesis of these nanoparticles[24,27,28]. In this synthesis
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method, a chemical that would be risky for the environment is not needed.[29] According to the
literature, the most widely used nanoparticle type synthesized by plant material is silver
nanoparticles.[30] The silver nanoparticle synthesis process is carried out with different plant
materials for reducing, stabilizing, and capping substances in the extracts.[31,32] These are tea
polyphenols, vegetable oil, capsicum corneum, hemp Sativa, and black currant. These herbs also act
as reducing, stabilizing, and limiting agents as we have mentioned before. The most common plant
material found in kitchens is vegetable oils. Another agent to be used in the synthesis of nanoparticles
is aloe vera. Aloe vera is also used in traditional medicines and sunburns. As a result, the field and
application of nanomaterials are expanding and continue to be researched. Conventional synthesis
methods of nanomaterials (left-gel, chemical vapor deposition, laser ablation, pyrolysis, ultrasound,
and hydrothermal) are harmful to the environment. Green synthesis methods cause little or no harm to
the environment as previously stated. The chemicals used in the synthesis stage cause environmental
damage. That’s why today, the use of green synthesis is emphasized.

2.2.2. Synthesis of nanomaterials using microorganisms

The most used microorganisms in studies using microorganisms are bacteria, algae, and fungi. These
organisms contribute to the preparation of nanomaterials with an aqueous solution of metal salts. In
the use of bacteria in biological synthesis, living organisms participate in the synthesis method using
protein. For example, magnetotactic bacteria living on the seafloor and in anaerobic conditions use
protein-coated magnetosomes to synthesize nano-sized magnetic iron oxide crystals and prepare the
particles in the direction of their preferred habitat with a compass. [33,34]. In the use of fungi in
biological synthesis, the fungus Fusarium oxysporum is used to synthesize extracellular nanoparticles.
Today, studies on nanoparticle synthesis methods using algae are continuing. Algae extracts are easily
synthesized and do not degrade rapidly. Algae are used as reductants in nanoparticle synthesis.

2.2.3. Use of biological templates and synthesis of nanomaterials

In this synthesis method, dissimilar and complex nanostructures are produced using protein and DNA.
The main product used for nanocomposite materials is proteins. DNA templates are also used to
assemble these particles.

3. CHARACTERIZATION OF NANOMATERIALS

Various techniques are used in the characterization process of nanomaterials. Thanks to these
techniques, the structures of nanomaterials are better elucidated. The most commonly used techniques
are X-ray diffraction (XRD), Transmissive electron microscopy (TEM), Atomic force microscopy
(AFM), Scanning electron microscope (SEM), X-ray Photoelectron Spectroscopy (XPS), Raman
Spectroscopy, Fourier transform infrared spectroscopy (FTIR). Apart from these techniques,
Fluorescent correlation spectroscopy (FCS), Raman scattering (RS), Surface development Raman
(SERS), Tip-enhanced Raman spectroscopy (TERS), Near field scanning optical microscopy
(NSOM), Circular dichroism (CD), Mass spectroscopy (MS), Infrared spectroscopy (IR), Scanning
tunneling microscope (STM), Nuclear magnetic resonance (NMR), Small angle x-ray scattering
(SAXS) characterizations. Among these techniques, the most frequently used techniques are explained
in detail.

3.1. XRD

This method is generally used in the examination of the internal structure of the substance with x-rays,
in the determination of crystals, in the measurement of grain size, and in the qualitative and
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quantitative analysis of polycrystals[35,36]. The XRD technique is also used to characterize crystal
size, shape, and lattice distortion in long-range order [37]. As a result of this technique applied to
dusty samples, properties such as crystal structure as well as grain size are determined. Of course, this
technique is used in liquid samples as well as powder samples. But with this technique, the best result
is observed in powder samples. To measure the samples, the powder samples are placed in their
special holders and placed in the special part of the XRD device, and the samples are analyzed. As the
scope of XRD application; It is important in qualitative and quantitative analysis of samples of
different thicknesses, geological samples, materials science and engineering, thin film analysis, cable
industry, biomaterials, clinical samples, metal and alloy analysis, polymer analysis, archeology
(detection of materials that make up historical buildings), ceramics and cement industry [38].

3.2. TEM

The principle of this device is based on the imaging of high-energy electrons passed through a very
thin sample.[39] This device allows us to obtain direct images and chemical information of
nanomaterials at a spatial resolution down to atomic dimensions. This device transmits the incoming
electron beams over a very thin foil sample. Meanwhile, electrons interacting with the sample; are
converted to unscattered electrons, elastically scattered electrons, or inelastically scattered electrons
[40]. TEM has advantages over SEM. TEM is better than SEM for spatial resolution[39].

3.3. AFM

This device is a very versatile tool because it not only creates images on a 3D surface but also allows
scientists and engineers to make various surface measurements according to their needs [41]. For this
device to display an image, the needle at the end of the device must interact with the surface. In this
way, the device can display images. The needle at the end of this device changes for different
purposes and is examined using different tips. Here, besides only imaging the sample surfaces; phase
is determined by electrical, conductivity, and magnetic differences. This technique is also a technique
capable of imaging biomaterials without damaging the natural surface type and additional analytical
measurements [42].

3.4. SEM

SEM is a surface imaging technique. At the same time, the size, size distribution, and shape of
nanomaterials are obtained directly by this method [43]. The lenses in this device are used to control
the characteristics of the beam sent to the device. Electrons interact with the sample from electron and
photon signals. Conductive samples, coated insulation samples, powder samples, thin films, biological
samples, and polymers can be examined in SEM [44].

3.5.FTIR

FT-IR spectroscopy is a frequently preferred technique in basic sciences, health sciences, and
engineering fields, with the identification of bonds in the structure of molecules [45]. The basis of this
technique is based on the absorption of movements such as vibration and rotation of the bonds of
infrared rays falling on the intramolecular bonds. This method is also used for the determination of
intramolecular bonds, the determination of the molecular formula, and the examination of functional
groups[46]. This method is valid only for polar molecules with dipole moments. A molecule is
capable of absorbing IR radiation if it has a time-varying dipole molecule and its oscillation frequency
is the same as the frequency of the incident IR light. [47]. Diatomic molecules cannot absorb IR
radiation. This method also includes matching pairs of atoms and covalent bonds. Therefore, the IR
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spectrum showing the absorption or absorption corresponding to the IR frequency can be presented as
a fingerprint of the molecule of interest [48].

3.6. SERS

This device works by inelastic scattering of light falling on the bonds by intramolecular bonds [49].
This device is generally used in the fields of basic sciences, medicine, pharmacy, and engineering
[50]. This device is also used to examine the melting mechanisms of volatiles such as H,O, CO, and
H, in aluminum cyclase melts and glasses. SERS also has ultra-high sensitivity and selectivity, and
studies on SERS are promising in the future [51]. With SERS, it is possible to determine the chemical
and structural information of the samples, determine homogeneity and purity, distinguish stem cells
from differentiated cells, and analyze polymer mixtures.

3.7. XPS

SOFC, the surface of the cathode layers is a technique used to study elemental composition. This
technique is also used to quantitatively analyze the surface electronic structure of the crystalline solid.
The XPS device determines the kinetic energy of the electrons in the sample to be measured. in this
way, the device reveals the electron energy distribution in the material. This device not only provides
information about the above-mentioned conditions. It also gives information about the binding energy
of certain core levels, the chemical composition near the surface region, and the oxidation of an
element [37].

4. APPLICATION OF NANOMATERIALS

4.1. The Role of Nanomaterials in Drug Delivery Systems

Nano-sized materials are used in life science, aerospace, medicine, electronics, and agriculture [52].
There are differences in mechanical properties between conventional materials and nano-sized
materials. The mechanical properties of metals consist of ten parts. These are brittleness, strength,
plasticity, hardness, toughness, fatigue strength, elasticity, ductility, rigidity, and yield stress.
Inorganic non-metallic materials are also brittle. On the other hand, the mechanical properties of
nanomaterials are more suitable due to volume, surface, and quantum effects. As nanomaterials are
added to the base material, the particles are refined to a certain extent. In this case, it allows
improvement in mechanical properties. For example, By adding nano-SiO, to the concrete, the
compressive and tensile strength is increased [53].

Nanocarriers are used in gene delivery, targeted drug delivery, imaging, artificial implants, and
biosensors. In short, it has many uses in medicine, from diagnosis to treatment [54,55]. The most
common uses are in cancer treatments and drug delivery systems. In classical method drug
applications, it should be applied in certain doses during the day. At the same time, these doses should
not be given at low or toxic levels. In this case, drug delivery systems using nanocarriers come into
play. Many types of nhanomaterials are used in drug delivery systems, from nanoparticles to fullerenes
[56,57]. The small structures of these nanomaterials provide significant advantages [58].

4.1.1. Nanoparticle

Nanoparticles can be synthesized by both natural and chemical methods. Therefore, it is the materials
that attract attention. Today, natural synthesis methods are in demand. The best example of this
method is green synthesis. Gold and silver nanoparticles synthesized by green synthesis are among the
best metal nanoparticles in drug delivery systems [59,60] at the same time, it is environmentally
friendly [61]. AgNPs have been the subject of research in the field of nanomedicine due to their high
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specific surface area, and special chemical, and physical properties [62]. Studies conducted, it has
given positive results in every experiment in terms of multi-drug resistance, especially against
chemotherapeutic agents [63]. At the same time, its known antibacterial properties have made AgNPs
more useful. [59,64] Gold nanoparticles (AUNPs) are nanoparticles that attract attention with their
optoelectronic and physicochemical properties [65]. With its ability to modify, it can enter application
areas such as biosensors, diagnostics, DNA, and drug delivery [66,67]. AUNPs have a biosensing role.
However, thanks to their large surface areas such as AgNP’s, they enable the delivery of
chemotherapy drugs to the cancerous cell in cancer treatments. In diagnostics, they can detect
biological targets thanks to their optical properties and are the number one nanoparticle for labeling
DNA or proteins [68].

4.1.2. Nanogels

As the name suggests, nano gels are in a gel-like form. This form provides itself with various
advantages. Low viscosity, large surface area, and fast reaction are among the advantages. Nanogels
resemble hydrogels in structure. That is, they swell without dissolving in a thermodynamically good
solvent [69]. At the same time, thanks to the hydrophilic polymers used in the synthesis stage, they
respond to environmental stimuli in the form of reversible volume-phase transitions [70]. These
transitions are due to weak molecular bonds. The degree of swelling of nano gels is affected by the
osmotic pressure of the medium, so different degrees of swelling can be observed. Which makes nano
gels one of the alternative drug carriers [71].

4.1.3. Liposomes

Liposomes, which have recently emerged as carrier antigen agents, can also be used in vaccine
deliveries because they are non-toxic and naturally degraded phospholipids [72]. Liposomes not only
regulate the antigen release rate but also make them resistant to physical and biological degradation
[73].

4.1.4. Nano-emulsions

Nano-emulsions, which attract the attention of researchers most among drug delivery systems, have
emerged because of combining two immiscible liquids with the help of an emulsifier [74]. It has
succeeded in surpassing nanomaterials due to its high kinetic stability, long-term release profile,
improved therapeutic efficacy, good dermis permeability, photosensitive drug delivery, hydrophilicity,
and self-assembly. it is not only used in the field of medicine, but also in areas such as food,
cosmetics, and pharmaceuticals [75].

4.1.5. Niosomes

Niosomes are nanocarriers clinically like liposomes. Non-ionic surfactant (NIS) based vesicles,
niosomes carrying a nucleus in a bilayer structure, are noteworthy for their regulation of the delivery
of amphiphilic agents. The most obvious difference between them and liposomes is that liposomes are
composed of phospholipids while niosomes are created from inexpensive NISs. Modifying niosomes
with PEG (polyethylene glycol ) to increase drug holding capacity and stability is one of the most
frequently used methods in recent times [76].

4.1.6. Dendrimers

The dendrimer is a spherical nanoparticle with a 3D structure with hyper-branching. It consists of
three main structures: a central core, repeating units, and surface terminal groups [77]. It is
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physiochemically versatile and functional. These nanoparticles can easily overcome the obstacles
encountered in traditional drug delivery mechanisms [59].

4.1.7. Nanosuspension

Nanosuspension is the form of particles smaller than 1 micron colloidally dispersed in water [78]. The
solubility of nanosuspensions is high in the aqueous and lipid phases. In this way, nanosuspensions
increase the permeability of the brain and reduce the virus load. It does this not only in
nanosuspensions but also in nanoemulsions, micelles, nanoparticles, liposomes, and other nanocarrier
formulations [79].

4.1.8. Polymer micelles

Polymer micelles have become a nanomaterial that has attracted attention in recent years with their
combination without extra support, hydrophobic functional compounds, and the delivery system used
in drug transport. Plays an important role in the design and application of micelles in synthetic
polymers. Starch is the most suitable biopolymer for a micelle. Starch; 1t has advantages such as low
price, easy modification, and more modification methods. But the most popular is starch micelle
modified with octanoyl succinyl anhydride (OSA) [80].

4.1.9. Solid lipid nanoparticle (SLN)

Solid lipid nanoparticles (SLN) are made with solid lipids stabilized with surfactants and excipients
[81]. Although it is said that SLNs have little toxicity as they are biodegradable, this is still a subject
of research. Physicochemical properties such as nanoparticle shape, size, and polydispersity index
(PDI) determine the biological activity of SLN [82]. SLNs are involved in transporting lipophilic and
hydrophilic substances, drugs, proteins, and genetic material. In addition, SLN also has properties
such as increasing the solubility of substances, targeting, drugs promoting and controlling their release
[83].

4.1.10. Fullerene and carbon nanotube

Finally, fullerene and carbon nanotubes are included in drug delivery systems. Fullerenes have the
most widespread adaptation with the largest Cg, molecule. This has made fullerenes a sought-after
material in various fields of study such as gas storage, drug transport, batteries, and transistors
[84,85]. Carbon nanotubes are the dimerization of fullerene molecules found in ‘peapods.

In conclusion, In drug delivery systems, nanocarriers provide advantages in controlling drug release,
breaking down drugs, preventing harmful side effects, accumulating the drug in the targeted area, and
increasing bioavailability and drug permeability. In addition, while they have positive features such as
being able to carry two substances at the same time and being able to move easily in the vessels due to
their small size; It also has negative features such as rapid clumping and release before reaching the
target area. Today, it is being investigated whether the detected negativities are eliminated and
whether there are other disadvantages [58].

4.2. Antimicrobial Applications

Microorganisms are the common name of harmful or harmless living things in micro size. While some
of the microorganisms are harmless and even necessary for our survival, some of them are extremely
harmful. Studies conducted to neutralize harmful microorganisms are called antimicrobial studies. The
resistance of microorganisms to given drugs is called antimicrobial resistance. Antimicrobial
resistance is harmful to human and environmental health. Today, the increase in antimicrobial
resistance reduces the use of antibiotics and increases the use of more efficient nanomaterials[86].In
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the studies conducted in the past years, it has been learned that metals such as gold, silver, and copper
reduce the formation of bacteria. Today, these metals are synthesized as nanoparticles [87]. These
nano-sized materials exhibit superior properties compared to their large-scale counterparts. The
surface/volume ratio of nano-sized materials varies greatly and, in this case, provides high reactivity.
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Figure 2. General antimicrobial action mechanism of silver nanoparticles [88].

By examining the morphological and structural changes of metallic silver, silver ions, and silver
nanoparticles on bacterial cells, the mechanism is tried to be understood clearly. The mechanism
shown in Figure.2 is the working mechanism that has been accepted in the studies conducted so far
[89]. Silver nanoparticles adhere to the cell membrane, interact with the proteins in the thiol (-SH)
groups, reduce the membrane permeability in that part and enter the cell by replacing the hydrogen
cation. AgNPs that enter the cell inactivate enzymes, disrupt protein structures, cause ribosome units
to separate from each other, and cause the cell to die by damaging its DNA [23,64].

4.3. Antifungal Drugs

Antifungal drugs are a pharmaceutical fungicide used to treat and prevent serious systemic infections
and mycosis (a disease caused by fungi). In general, antifungal drugs can work in two different ways,
either by directly killing fungal cells or by preventing the growth and development of fungal cells.
These drugs target structures that are required in fungal cells but not in human cells to work. So they
fight fungal infection without damaging the body’s cells [90].

4.3.1. Types of antifungal drugs
There are several types of antifungal drugs available to combat fungal cells. Some of those; are azoles,
polyenes, and echinocandin [91].

Azoles

Triazole and imidazole derivative antifungals are collectively called azole antifungals. They are often
used to prevent and treat IFEs. These drugs act by inhibiting the enzyme lanosterol 14a- demethylase
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and blocking the synthesis of ergosterol, the most important stroller of the fungal cell membrane. In
addition, inhibition of ergosterol biosynthesis disrupts the structure of the cytoplasmic membrane,
resulting in the loss of essential cell components [90].

Polyenes

Amphotericin B acts by binding to ergosterol and then ruptures the cell membrane, causing the death
of the fungal cell by leakage of the resulting intracellular compounds. The interactions of these drugs
are due to their pharmacological action on cell membranes. These effects cause undesirable effects by
reducing the excretion of the drug or metabolites from the organism [90].

Echinocandin

Echinocandin, a structure not found in mammalian cells, targets the biosynthesis of the fungal cell
wall. These drugs are effective against Candida species. But they are fungistatic against molds such as
Aspergillus species [92].

4.3.2. Relationship of antifungal drugs and nanomaterials

Recently, due to the continued growth of life-threatening fungal diseases and the emergence of
resistance to developed antifungal drugs, there has been a trend towards synthesizing antifungal
nanomaterials with low toxicity and more effective for eukaryotic systems. Antifungal nanomaterials
have been developed against life-threatening systemic infections. Another reason for the development
of antifungal nanomaterials is to overcome the problems caused by the water insolubility of antifungal
drugs used in the treatment of fungal diseases [91].

5. NANOTECHNOLOGY AND CANCER RELATIONSHIP

To understand the relationship between nanotechnological drugs and cancer, we must first understand
cancer. Cancer is one of the most difficult diseases to treat worldwide. Despite all the efforts of
scientists, the prevalence of cancer is increasing rapidly [93]. The purpose of the production of anti-
cancer drugs is to try to stop uncontrolled dividing cells through effective formulations while
preserving healthy tissue. Scientists target cells that cannot be stopped non-specifically dividing.
Nanotechnology, on the other hand, sheds light on the scientific World for this purpose and produces
pharmacologically appropriate paradigms, especially in the production of anti-cancer drugs, the
delivery of effective drugs, in the development and production of nano-based implants. Nano based
drugs specifically recognize and target diseased cells. Nano-based drugs are on the agenda in diseases
that require the continuous release of a drug. Another important activity of nano-based drugs is that
they increase the half-life of the drug used and prevent the degradation of enzymes. Nanocarriers have
a revolutionary effect against the nasty pharmacological barriers of anticancer drugs by positively
affecting the stability and solubility of anticancer drugs [94,95].

5.1. Drug Targeting Approaches

5.1.1. Passive targeting

Intravenous injection is one of the most used methods for nanotechnology-based anticancer drugs. In
this type of injection, the aim is to bypass the absorption step that must be done along the intestinal
epithelium, allowing the nanocarriers to accumulate in the tumor tissue immediately after disrupting
the vascular barrier [93,96].
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5.1.2. Active targeting

This method is also referred to as the ‘ligand-mediated targeted approach’ as it is thought of as the
facilitated recruitment of previously targeted cells. There are several specific molecular interaction
steps for active targeting [93,96]. The most well-known interactions are receptor-ligand interactions,
charge-based interactions, and chemical affinity. Thanks to the active targeting approach, target cells
recognize nanoparticles and improve drug distribution, and proteins, sugars, or lipids in organs, even
molecules secreted by tumor cells, can be target substrates [96]. There are differences in substrate
molecules between normal and diseased cells, and targeting approaches achieve results by taking
advantage of these differences [93].

5.1.3. Critical aspects of targeting systems

There are some points to be considered in the use of the targeting system. One of them is the
conjugation of ligands on the nanoparticle. Because the density of these ligands is directly
proportional to the strength of the substrate activity. Although the covalent conjugation process is
mostly preferred, physical absorption applications using affinity complexes are also used effectively.
The critical issue to consider is maintaining the stability of conjugated drugs exposed to adverse
environments. Attention to payload capacity and targeting freedom is crucial to increase in vivo
efficacy in nanoparticle-based active targeting systems.

5.1.4. Release strategy in nano-based drugs

The effective packaging of the drug used depends on the load-carrying capacity of the drug. The
packaging term in question depends on how efficient the conjugation of the drug is. In nano-systems,
there are 2 different systems determined according to the activation factors of drug release. These
systems are open-loop and closed-loop systems. In open-loop control systems, the factors that
stimulate drug release are electric fields, magnetic-acoustic pulses, and thermal factors. In closed-loop
control systems, the drug release rate changes depending on the presence and intensity of the stimulus
in the targeted area [93,96].

6. ECOLOGICAL SAFETY AND EFFECTS IN NANOMATERIALS

6.1. Unseen Dangers in Nanotechnology

Today, thanks to nanotechnology, millions of products are ordered for sale on market shelves. Now,
some products produced with nanotechnology have side effects. These side effects are harmful to both
food and the environment. Today, scientists have examined whether nanotechnological structures
have side effects or risks. As a result of the studies carried out, effects against ecology were found.

6.2. Effects of Nanoparticles on Human Health

How nanoparticles enter the human body is known as respiration, skin, and nutrition. Nanoparticles
entering the body can easily pass into the blood [97]. Many organs of the body are targeted and the
most affected target area because of respiration is usually the lungs. When gaseous nanoparticles are
inhaled into the lungs, they reach the outer membrane of the chest wall (parietal pleura). It is
inactivated by being surrounded by macrophages of short size. It has been suggested that the toxic
effect of vapor and gaseous nanoparticles reach the lungs through the respiratory system and other
systems and that the effect is pulmonary and systemic inflammation [98]. According to this idea, it
has been reported that pulmonary endothelial dysfunction resulting from inflammation, platelet
activation, stimulation of thrombotic factors, atherosclerotic plaque lesion and rupture, vascular
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endothelial dysfunction, stimulation of lung and liver reflexes, disturbance in heart rate and rhythm
and even sudden cardiac arrest may result.

6.3. Effect of Nanomaterials on the Environment

With the increase in the production of nanomaterials, the effect on people and the environment is
increasing. The residues of nanoparticles mostly reach us by reaching the water, then the soil, and
from the soil to the plant. As a result of an experiment performed on freshwater creatures, the effect of
nanoparticle wastes on aquatic organisms was investigated [99]. It is known that ecotoxicity tests on
vertebrates, fish, artemia, and algae create a low hazardous potential on living things.

As mentioned in the scope of the study, nanomaterials are used in many application areas in the field
of health. At this point, although nanomaterials promise useful features that shed light on the future, it
is seen that there are some disadvantages as well. Especially in terms of human health, it is known that
nanoparticles can easily pass into the blood in the body. At this point, developments continue, and it is
seen that important results will be obtained in the treatment of many diseases, especially in the field of
health, as a result of eliminating the disadvantages. Within the scope of the study, it has been seen that
nanomaterials are very important in terms of human health as well as in the advancement and
development of technology and it is of great importance to increase their studies.

7. CONCLUSION

The fact that nanomaterials can be applied in many areas rapidly increases the prevalence of
nanomaterial production. At this point, many technological and biotechnological products are
developed. Within the scope of the study, the properties, production, and application areas of
nanomaterials needed for these developments are mentioned. Studies have shown that there are many
production methods in the production of nanomaterials and that chemical methods are harmful to the
environment. At this point, it is seen that the green synthesis method is more promising in terms of
reducing the damages since it is an environmentally friendly method. In addition, it is seen that the use
of nanomaterials for drug delivery systems, antibacterial and cancer cells is important and used in
many applications. At this point, although it is aimed to send the transported drug directly to the target
region, studies are continuing on the production of nanomaterials that can overcome the obstacles
encountered while being sent to the target region. It has also been observed that nanomaterials give
very good results in antibacterial applications and Ag metal is the most preferred in these applications.
The obtained research has shown that nanomaterials provide significant improvements in many
aspects such as drugs, sensors, and antibacterial and anticancer applications in the health sector. These
results show that nanomaterials are promising in the advancement and development of biotechnology
and that increasing studies are of great importance.

ACKNOWLEDGMENT

No support has been received.
REFERENCES

[1] Lines, M.G., (2008), Nanomaterials for practical functional uses, Journal of Alloys and
Compounds, 449, 242-245.

45



Journal of Scientific Reports

Agacbozan, vd., Journal of Scientific Reports-C, Say: 4, 33-53, Haziran 2023
Agachozan, et al., Journal of Scientific Reports-C, Number 4, 33-53, June 2023

[2] Xia, C., Jin, X., Garalleh, H. AL, Garaleh, M., Wu, Y., Hill, J.M,, et al., (2023), Optimistic and
possible contribution of nanomaterial on biomedical applications: A review, Environmental
Research, 218, 114921.

[3] El-Kady, M.M., Ansari, I, Arora, C., Rai, N., Soni, S., Verma, D.K. et al., (2023),
Nanomaterials: A comprehensive review of applications, toxicity, impact, and fate to
environment, Journal of Molecular Liquids, 370, 121046.

[4] Calipinar, H. and Ulas, D., (2019), Development of Nanotechnology in the World and
Nanotechnology Standards in Turkey, Procedia Computer Science, 158, 1011-1018.

[5] Baig, N., (2023), Two-dimensional nanomaterials: A critical review of recent progress,
properties, applications, and future directions, Composites Part A: Applied Science and
Manufacturing, 165, 107362.

[6] Khan, I., Saeed, K., and Khan, I., (2019), Nanoparticles: Properties, applications and toxicities,
Arabian Journal of Chemistry, 12, 908-931.

[71 Chong, L., Wen, J., Kubal, J., Sen, F.G., Zou, J., Greeley, J., et al., (2018), Ultralow-loading
platinum-cobalt fuel cell catalysts derived from imidazolate frameworks, Science, 362, 1276—
1281.

[8] Kulshrestha, S. and Khan, A.U., (2018), Nanomedicine for anticancer and antimicrobial
treatment: an overview, IET Nanobiotechnology, 12, 1009.

[9]1 Algin Yapar, E. and Inal, O., (2012), NANOMATERIALS AND COSMETICS, Istanbul Ecz.
Fak. Derg. / J. Fac. Pharm. Istanbul, 42,.

[10] Orooqji, Y., Sohrabi, H., Hemmat, N., Oroojalian, F., Baradaran, B., Mokhtarzadeh, A., et al.,
(2020), An Overview on SARS-CoV-2 (COVID-19) and Other Human Coronaviruses and Their
Detection Capability via Amplification Assay, Chemical Sensing, Biosensing, Immunosensing,
and Clinical Assays, Nano-Micro Letters 2020 13:1, 13, 1-30.

[11] Thakore, S., Rathore, P.S., Jadeja, R.N., Thounaojam, M., and Devkar, R. V., (2014), Sunflower
oil mediated biomimetic synthesis and cytotoxicity of monodisperse hexagonal silver
nanoparticles, Materials Science and Engineering: C, 44, 209-215.

[12] Dutz, S., Hergt, R., Miirbe, J., Miiller, R., Zeisberger, M., Andrd, W., et al., (2007), Hysteresis
losses of magnetic nanoparticle powders in the single domain size range, Journal of Magnetism
and Magnetic Materials, 308, 305-312.

[13] Maleki, A., Rahimi, R., Maleki, S., and Hamidi, N., (2014), Synthesis and characterization of
magnetic bromochromate hybrid nanomaterials with triphenylphosphine surface-modified iron
oxide nanoparticles and their catalytic application in multicomponent reactions, RSC Advances,
4,29765-29771.

[14] Zhao, S., Guo, J., Li, W., Guo, H., and You, B., (2018), Fabrication of cobalt aluminate

46



Journal of Scientific Reports

Agacbozan, vd., Journal of Scientific Reports-C, Say: 4, 33-53, Haziran 2023
Agachozan, et al., Journal of Scientific Reports-C, Number 4, 33-53, June 2023

nanopigments by coprecipitation method in threonine waterborne solution, Dyes and Pigments,
151, 130-139.

[15] Dong, H., Du, S.R., Zheng, X.Y., Lyu, G.M., Sun, L.D., Li, L.D,, et al., (2015), Lanthanide
Nanoparticles: From Design toward Bioimaging and Therapy, Chemical Reviews, 115, 10725-
10815.

[16] Okoli, C.U., Kuttiyiel, K.A., Cole, J., McCutchen, J., Tawfik, H., Adzic, R.R., et al., (2018),
Solvent effect in sonochemical synthesis of metal-alloy nanoparticles for use as electrocatalysts,
Ultrasonics Sonochemistry, 41, 427-434.

[17] Low, S.S., Yew, M., Lim, C.N., Chai, W.S., Low, L.E., Manickam, S., et al., (2022),
Sonoproduction of nanobiomaterials - A critical review, Ultrasonics Sonochemistry, 82,.

[18] Panahi-Kalamuei, M., Mousavi-Kamazani, M., Salavati-Niasari, M., and Hosseinpour-Mashkani,
S.M., (2015), A simple sonochemical approach for synthesis of selenium nanostructures and
investigation of its light harvesting application, Ultrasonics Sonochemistry, 23, 246—256.

[19] Hasany, S.F., Ahmed, I., J, R., and Rehman, A., (2012), Systematic Review of the Preparation
Techniques of Iron Oxide Magnetic Nanoparticles, Nanoscience and Nanotechnology, 2, 148-
158.

[20] Huston, M., Debella, M., Dibella, M., and Gupta, A., (2021), Green Synthesis of Nanomaterials,
Nanomaterials, 11,.

[21] Birla, S.S., Tiwari, V. V., Gade, AK,, Ingle, AP., Yadav, AP., and Rai, M.K., (2009),
Fabrication of silver nanoparticles by Phoma glomerata and its combined effect against
Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus, Letters in Applied
Microbiology, 48, 173-179.

[22] Ganesh Babu, M.M. and Gunasekaran, P., (2009), Production and structural characterization of
crystalline silver nanoparticles from Bacillus cereus isolate, Colloids and Surfaces B:
Biointerfaces, 74, 191-195.

[23] Bansal, V., Rautaray, D., Ahmad, A., and Sastry, M., (2004), Biosynthesis of zirconia
nanoparticles using the fungus Fusarium oxysporum, Journal of Materials Chemistry, 14, 3303—
3305.

[24] Yap, Y.H., Azmi, A.A., Mohd, N.K., Yong, F.S.J., Kan, S.Y., Thirmizir, M.Z.A., et al., (2020),
Green Synthesis of Silver Nanoparticle Using Water Extract of Onion Peel and Application in
the Acetylation Reaction, Undefined, 45, 4797-4807.

[25] Saravanakumar, K., Chelliah, R., Shanmugam, S., Varukattu, N.B., Oh, D.-H., Kathiresan, K., et
al., (2018), Green synthesis and characterization of biologically active nanosilver from seed
extract of Gardenia jasminoides Ellis, Journal of Photochemistry and Photobiology B: Biology,
185, 126-135.

47



Journal of Scientific Reports

Agacbozan, vd., Journal of Scientific Reports-C, Say: 4, 33-53, Haziran 2023
Agachozan, et al., Journal of Scientific Reports-C, Number 4, 33-53, June 2023

[26] Stozhko, N.Y., Bukharinova, M.A., Khamzina, E.l., Tarasov, A. V., Vidrevich, M.B., and
Brainina, K.Z., (2019), The Effect of the Antioxidant Activity of Plant Extracts on the Properties
of Gold Nanoparticles, Nanomaterials 2019, Vol. 9, Page 1655, 9, 1655.

[27] Fardsadegh, B. and Jafarizadeh-Malmiri, H., (2019), Aloe vera leaf extract mediated green
synthesis of selenium nanoparticles and assessment of their in vitro antimicrobial activity against
spoilage fungi and pathogenic bacteria strains, Green Processing and Synthesis, 8, 399-407.

[28] Behravan, M., Hossein Panahi, A., Naghizadeh, A., Ziaee, M., Mahdavi, R., and Mirzapour, A.,
(2019), Facile green synthesis of silver nanoparticles using Berberis vulgaris leaf and root
aqueous extract and its antibacterial activity, International Journal of Biological
Macromolecules, 124, 148-154.

[29] Ma, W., Zhan, Y., Zhang, Y., Mao, C., Xie, X,, and Lin, Y., (2021), The biological applications
of DNA nanomaterials: current challenges and future directions, Signal Transduction and
Targeted Therapy 2021 6:1, 6, 1-28.

[30] G&l, F., Aygiin, A., Seyrankaya, A., Giir, T., Yenikaya, C., and Sen, F., (2020), Green synthesis
and characterization of Camellia sinensis mediated silver nanoparticles for antibacterial ceramic
applications, Materials Chemistry and Physics, 250, 123037.

[31] Kocak, Y., Oto, G., Meydan, I., Seckin, H., Gur, T., Aygun, A, et al., (2022), Assessment of
therapeutic potential of silver nanoparticles synthesized by Ferula Pseudalliacea rech. F. plant,
Inorganic Chemistry Communications, 140, 109417.

[32] Gulbagca, F., Ozdemir, S., Gulcan, M., and Sen, F., (2019), Synthesis and characterization of
Rosa canina-mediated biogenic silver nanoparticles for anti-oxidant, antibacterial, antifungal,
and DNA cleavage activities, Heliyon, 5, e02980.

[33] Kannan M Krishnan, (2016), Fundamentals and Applications of Magnetic, Oxford University
Press,.

[34] Bazylinski, D.A., Garratt- Reed, A.J., and Frankel, R.B., (1994), Electron microscopic studies of
magnetosomes in magnetotactic bacteria, Microscopy Research and Technique, 27, 389-401.

[35] Bunaciu, A.A., Udristioiu, E. gabriela, and Aboul-Enein, H.Y., (2015), X-Ray Diffraction:
Instrumentation and Applications, Http://Dx.Doi.Org/10.1080/10408347.2014.949616, 45, 289—
299.

[36] Bishnoi, A., Kumar, S., and Joshi, N., (2017), Wide-Angle X-ray Diffraction (WXRD):
Technique for Characterization of Nanomaterials and Polymer Nanocomposites, Microscopy
Methods in Nanomaterials Characterization, 313-337.

[37] Lin, P.C., Lin, S., Wang, P.C., and Sridhar, R., (2014), Techniques for physicochemical
characterization of nanomaterials, Biotechnology Advances, 32, 711.

[38] Karimi, F., Akin, M., Bayat, R., Bekmezci, M., Darabi, R., Aghapour, E., et al., (2023),

48



Journal of Scientific Reports

Agacbozan, vd., Journal of Scientific Reports-C, Say: 4, 33-53, Haziran 2023
Agachozan, et al., Journal of Scientific Reports-C, Number 4, 33-53, June 2023

Application of Quasihexagonal Pt@PdS2-MWCNT catalyst with High Electrochemical
Performance for Electro-Oxidation of Methanol, 2-Propanol, and Glycerol Alcohols For Fuel
Cells, Molecular Catalysis, 536, 112874.

[39] Inkson, B.J., (2016), Scanning electron microscopy (SEM) and transmission electron microscopy
(TEM) for materials characterization, Materials Characterization Using Nondestructive
Evaluation (NDE) Methods, 17-43.

[40] Williams, D.B. and Carter, C.B., (2009), Transmission electron microscopy: A textbook for
materials science, Transmission Electron Microscopy: A Textbook for Materials Science, 1-760.

[41] Rydz, J., Siskova, A., and Andicsova Eckstein, A., (2019), Scanning Electron Microscopy and
Atomic Force Microscopy: Topographic and Dynamical Surface Studies of Blends, Composites,
and Hybrid Functional Materials for Sustainable Future, Advances in Materials Science and
Engineering, 2019,.

[42] Marti, O., Ribi, H.O., Drake, B., Albrecht, T.R., Quate, C.F., and Hansma, P.K., (1988), Atomic
Force Microscopy of an Organic Monolayer, Science, 239, 50-52.

[43] Crucho, C.I.C. and Barros, M.T., (2017), Polymeric nanoparticles: A study on the preparation
variables and characterization methods, Materials Science and Engineering: C, 80, 771-784.

[44] Meydan, 1., Seckin, H., Burhan, H., Giir, T., Tanhaei, B., and Sen, F., (2022), Arum italicum
mediated silver nanoparticles: Synthesis and investigation of some biochemical parameters,
Environmental Research, 204, 112347.

[45] Wu, Y., Altuner, E.E., ElI Houda Tiri, R.N., Bekmezci, M., Gulbagca, F., Aygun, A., et al.,
(2022), Hydrogen generation from methanolysis of sodium borohydride using waste coffee oil
modified zinc oxide nanoparticles and their photocatalytic activities, International Journal of
Hydrogen Energy,.

[46] Oh, S.Y., Yoo, D. Il, Shin, Y., and Seo, G., (2005), FTIR analysis of cellulose treated with
sodium hydroxide and carbon dioxide, Carbohydrate Research, 340, 417-428.

[47] Kazarian, S.G. and Chan, K.L.A., (2006), Applications of ATR-FTIR spectroscopic imaging to
biomedical samples, Biochimica et Biophysica Acta (BBA) - Biomembranes, 1758, 858-867.

[48] Kane, S.R., Ashby, P.D., and Pruitt, L.A., (2009), ATR-FTIR as a thickness measurement
technique for hydrated polymer-on-polymer coatings, Journal of Biomedical Materials Research
Part B: Applied Biomaterials, 91B, 613-620.

[49] Parrott, E.P.J. and Zeitler, J.A., (2015), Terahertz Time-Domain and Low-Frequency Raman
Spectroscopy of OrganicMaterials, Applied Spectroscopy, Vol. 69, Issue 1, Pp. 1-25, 69, 1-25.

[50] Reddy, K.R., (2017), Green synthesis, morphological and optical studies of CuO nanoparticles,
Journal of Molecular Structure, 1150, 553-557.

49



Journal of Scientific Reports

Agacbozan, vd., Journal of Scientific Reports-C, Say: 4, 33-53, Haziran 2023
Agachozan, et al., Journal of Scientific Reports-C, Number 4, 33-53, June 2023

[51] Moskovits, M., Braun, G.B., Lee, S.J., Laurence, T., Fera, N., Fabris, L., et al., (2009),
Generalized approach to SERS-active nanomaterials via controlled nanoparticle linking, polymer
encapsulation, and small-molecule infusion, Journal of Physical Chemistry C, 113, 13622—
13629.

[52] An, C., Sun, C., Li, N., Huang, B., Jiang, J., Shen, Y., et al., (2022), Nanomaterials and
nanotechnology for the delivery of agrochemicals: strategies towards sustainable agriculture,
Journal of Nanobiotechnology 2021 20:1, 20, 1-19.

[53] Wu, Q., Miao, W.S., Zhang, Y. Du, Gao, H.J., and Hui, D., (2020), Mechanical properties of
nanomaterials: A review, Nanotechnology Reviews, 9, 259-273.

[54] Nikaeen, G., Abbaszadeh, S., and Yousefinejad, S., (2020), Application of nanomaterials in
treatment, anti-infection and detection of coronaviruses, Nanomedicine, 15, 1501-1512.

[55] Yoosefian, M., Karimi-Maleh, H., and Sanati, A.L., (2015), A theoretical study of solvent effects
on the characteristics of the intramolecular hydrogen bond in Droxidopa, Journal of Chemical
Sciences, 127, 1007-1013.

[56] Dang, Y. and Guan, J., (2020), Nanoparticle-based drug delivery systems for cancer therapy,
Smart Materials in Medicine, 1, 10-19.

[57] Adeyemi, O.S. and Sulaiman, F.A., (2015), Evaluation of metal nanoparticles for drug delivery
systems, Journal of Biomedical Research, 29, 145.

[58] Tiiylek, Z., (2019), Arsiv Kaynak Tarama Dergisi Archives Medical Review Journal Ilag
Tastyict Nanosistemler Drug Delivery Nanosystems, Archives Medical Review Journal, 28,
184-192.

[59] Bapat, R.A., Chaubal, T. V., Joshi, C.P., Bapat, P.R., Choudhury, H., Pandey, M., et al., (2018),
An overview of application of silver nanoparticles for biomaterials in dentistry, Materials
Science and Engineering: C, 91, 881-898.

[60] Mukherjee, S., Mukherjee, S., Abourehab, M.A.S., Sahebkar, A., and Kesharwani, P., (2022),
Exploring dendrimer-based drug delivery systems and their potential applications in cancer
immunotherapy, European Polymer Journal, 177, 111471.

[61] Ahmad, S., Munir, S., Zeb, N., Ullah, A., Khan, B., Ali, J., et al., (2019), Green nanotechnology:
A review on green synthesis of silver nanoparticles — An ecofriendly approach, International
Journal of Nanomedicine, 14, 5087-5107.

[62] Mousavi, S.M., Hashemi, S.A., Ghasemi, Y., Atapour, A., Amani, A.M., Savar Dashtaki, A., et
al., (2018), Green synthesis of silver nanoparticles toward bio and medical applications: review
study, Https://D0i.Org/10.1080/21691401.2018.1517769, 46, S855-S872.

[63] Govindaraju, K., Krishnamoorthy, K., Alsagaby, S.A., Singaravelu, G., and Premanathan, M.,
(2015), Green synthesis of silver nanoparticles for selective toxicity towards cancer cells, IET

50



Journal of Scientific Reports

Agacbozan, vd., Journal of Scientific Reports-C, Say: 4, 33-53, Haziran 2023
Agachozan, et al., Journal of Scientific Reports-C, Number 4, 33-53, June 2023

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Nanobiotechnology, 9, 325-330.

Chinnathambi, A., Alharbi, S.A., Joshi, D., V, S., Jhanani, G.K., On-uma, R., et al., (2023),
Synthesis of AgNPs from leaf extract of Naringi crenulata and evaluation of its antibacterial
activity against multidrug resistant bacteria, Environmental Research, 216, 114455.

Eskandari-Nojedehi, M., Jafarizadeh-Malmiri, H., and Rahbar-Shahrouzi, J., (2018),
Hydrothermal green synthesis of gold nanoparticles using mushroom (Agaricus bisporus)
extract: Physico-chemical characteristics and antifungal activity studies, Green Processing and
Synthesis, 7, 38-47.

Bollella, P., Schulz, C., Favero, G., Mazzei, F., Ludwig, R., Gorton, L., et al., (2017), Green
Synthesis and Characterization of Gold and Silver Nanoparticles and their Application for
Development of a Third Generation Lactose Biosensor, Electroanalysis, 29, 77-86.

Ganeshkumar, M., Ponrasu, T., Raja, M.D., Subamekala, M.K., and Suguna, L., (2014), Green
synthesis of pullulan stabilized gold nanoparticles for cancer targeted drug delivery,
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 130, 64—71.

Magogotya, M., Vetten, M., Roux-van der Merwe, M.P., Badenhorst, J., and Gulumian, M.,
(2022), In vitro toxicity and internalization of gold nanoparticles (AuNPS) in human epithelial
colorectal adenocarcinoma (Caco-2) cells and the human skin keratinocyte (HaCaT) cells,
Mutation Research/Genetic Toxicology and Environmental Mutagenesis, 883—-884, 503556.

Ramos, J., Imaz, A., Callejas-Fernandez, J., Barbosa-Barros, L., Estelrich, J., Quesada-Pérez, M.,
etal., (2011), Soft nanoparticles (thermo-responsive nanogels and bicelles) with biotechnological
applications: from synthesis to simulation through colloidal characterization, Soft Matter, 7,
5067-5082.

Rimondino, G.N., Miceli, E., Molina, M., Wedepohl, S., Thierbach, S., Riihl, E., et al., (2017),
Rational design of dendritic thermoresponsive nanogels that undergo phase transition under
endolysosomal conditions, Journal of Materials Chemistry B, 5, 866-874.

Yurdasiper, A., Sahiner, A., and Gokge, E.H., (2022), Preparation of thermoresponsive triclosan
poly (N-isopropylacrylamide) nanogels and evaluation of antibacterial efficacy on Cutibacterium
acnes, Journal of Drug Delivery Science and Technology, 76, 103734.

Dymek, M. and Sikora, E., (2022), Liposomes as biocompatible and smart delivery systems — the
current state, Advances in Colloid and Interface Science, 309, 102757.

Kazemi, M., Aghamaali, M.R., Madani, R., Emami, T., and Golchinfar, F., (2022), Evaluating
the Immunogenicity of recombinant VP1 protein from the foot-and-mouth disease virus
encapsulated in nanoliposome in guinea pig animal model, Veterinary Immunology and
Immunopathology, 253, 110497.

Elsewedy, H.S., Al-Dhubiab, B.E., Mahdy, M.A., and Elnahas, H.M., (2021), Basic concepts of
nanoemulsion and its potential application in pharmaceutical, cosmeceutical and nutraceutical

51



Journal of Scientific Reports

Agacbozan, vd., Journal of Scientific Reports-C, Say: 4, 33-53, Haziran 2023
Agachozan, et al., Journal of Scientific Reports-C, Number 4, 33-53, June 2023

fields, Research Journal of Pharmacy and Technology, 14, 3938—-3946.

[75] Moghassemi, S., Dadashzadeh, A., Azevedo, R.B., and Amorim, C.A., (2022), Nanoemulsion
applications in photodynamic therapy, Journal of Controlled Release, 351, 164-173.

[76] Munekane, M., Kosugi, A., Yamasaki, M., Watanabe, Y., Kannaka, K., Sano, K., et al., (2022),
Biodistribution study of indium-111-labeled PEGylated niosomes as novel drug carriers for
tumor-targeting, Journal of Drug Delivery Science and Technology, 75, 103648.

[77] Gligor, G., Maria Juncan, A., Frum, A., Maximiliana Dobrea, C., Cata, A., Maria Carmen Ienas,
I, et al., (2023), Properties and Bioapplications of Amphiphilic Janus Dendrimers: A Review,
Pharmaceutics 2023, Vol. 15, Page 589, 15, 589.

[78] Kancharla, S., Kolli, P., and Gopaiah, D.K.V., (2021), Nanosuspension formulation & evaluation
of ritonavir & valsartan by using poloxamer as a stabilizing agent to enhance the oral bio
availability, International Journal of Health Care and Biological Sciences, 2, 04-17.

[79] Kakad, S.P., Gangurde, T.D., Kshirsagar, S.J., and Mundhe, V.G., (2022), Nose to brain delivery
of nanosuspensions with first line antiviral agents is alternative treatment option to Neuro-AIDS
treatment, Heliyon, 8, e09925.

[80] Li, Y. and Gao, Q., (2023), Novel self-assembly nano OSA starch micelles controlled by
protonation in aqueous media, Carbohydrate Polymers, 299, 120146.

[81] Basso, J., Mendes, M., Cova, T., Sousa, J., Pais, A., Fortuna, A., et al., (2022), A Stepwise
Framework for the Systematic Development of Lipid Nanoparticles, Biomolecules 2022, Vol.
12, Page 223, 12, 223.

[82] Algarni, M.H., Foudah, A.l., Alam, A., Salkini, M.A., Muharram, M.M., Labrou, N.E., et al.,
(2022), Coumarin-Encapsulated Solid Lipid Nanoparticles as an Effective Therapy against
Methicillin-Resistant Staphylococcus aureus, Bioengineering 2022, Vol. 9, Page 484, 9, 484.

[83] Moraes-Lacerda, T. and de Jesus, M.B., (2022), Mechanisms of solid lipid nanoparticles-
triggered signaling pathways in eukaryotic cells, Colloids and Surfaces B: Biointerfaces, 220,
112863.

[84] Bibi, S., Ur-Rehman, S., Khalid, L., Bhatti, I.A., Bhatti, H.N., Igbal, J., et al., (2022),
Investigation of the adsorption properties of gemcitabine anticancer drug with metal-doped
boron nitride fullerenes as a drug-delivery carrier: a DFT study, RSC Advances, 12, 2873-2887.

[85] Kalika, E.B., Katin, K.P., Kochaev, A.l., Kaya, S., Elik, M., and Maslov, M.M., (2022),
Fluorinated carbon and boron nitride fullerenes for drug Delivery: Computational study of
structure and adsorption, Journal of Molecular Liquids, 353, 118773.

[86] Xie, M., Gao, M., Yun, Y., Malmsten, M., Rotello, V.M., Zboril, R., et al., (2023), Antibacterial

Nanomaterials: Mechanisms, Impacts on Antimicrobial Resistance and Design Principles,
Angewandte Chemie International Edition, 202217345.

52



Journal of Scientific Reports

Agacbozan, vd., Journal of Scientific Reports-C, Say: 4, 33-53, Haziran 2023
Agachozan, et al., Journal of Scientific Reports-C, Number 4, 33-53, June 2023

[87] Korkmaz, N., Ceylan, Y., Taslimi, P., Karadag, A., Biilbiil, A.S., and Sen, F., (2020), Biogenic
nano silver: Synthesis, characterization, antibacterial, antibiofilms, and enzymatic activity,
Advanced Powder Technology, 31, 2942-2950.

[88] Roy, A., Bulut, O., Some, S., Mandal, A.K., and Yilmaz, M.D., (2019), Green synthesis of silver
nanoparticles: Biomolecule-nanoparticle organizations targeting antimicrobial activity, RSC
Advances, 9, 2673-2702.

[89] Yavuz, I, Fen, G.U., Dergisi, F., and Sebnem Yilmaz, E., (2021), Biyolojik Sistemli
Nanopartikiiller, 93—-108.

[90] Asghari, F., Jahanshiri, Z., Imani, M., Shams-Ghahfarokhi, M., and Razzaghi-Abyaneh, M.,
(2016), Antifungal nanomaterials: Synthesis, properties, and applications. in: Nanobiomaterials
Antimicrob. Ther. Appl. Nanobiomaterials, William Andrew Publishing, pp. 343-383.

[91] Niemirowicz, K., Durnas, B., Piktel, E., and Bucki, R., (2017), Development of antifungal
therapies using nanomaterials, Nanomedicine, 12, 1891-1905.

[92] Denning, D.W., (2003), Echinocandin antifungal drugs, The Lancet, 362, 1142-1151.

[93] Navya, P.N., Kaphle, A., Srinivas, S.P., Bhargava, S.K., Rotello, V.M., and Daima, H.K.,
(2019), Smart Polymers in Drug Delivery Application, Nano Convergence 2019 6:1, 6, 1-30.

[94] You, W. and Henneberg, M., (2018), Cancer incidence increasing globally: The role of relaxed
natural selection, Evolutionary Applications,.

[95] Huda, S., Alam, M.A., and Sharma, P.K., (2020), Smart nanocarriers-based drug delivery for
cancer therapy: An innovative and developing strategy, Journal of Drug Delivery Science and
Technology, 60, 102018.

[96] Navya, P.N., Kaphle, A., Srinivas, S.P., Bhargava, S.K., Rotello, V.M., and Daima, H.K.,
(2019), Current trends and challenges in cancer management and therapy using designer
nanomaterials, Nano Convergence,.

[97] Wang, Z. and Tang, M., (2021), Research progress on toxicity, function, and mechanism of
metal oxide nanoparticles on vascular endothelial cells, Journal of Applied Toxicology, 41, 683—
700.

[98] Nho, R., (2020), Pathological effects of nano-sized particles on the respiratory system,
Nanomedicine: Nanotechnology, Biology and Medicine, 29, 102242.

[99] Amoatey, P. and Baawain, M.S., (2019), Effects of pollution on freshwater aquatic organisms,
Water Environment Research, 91, 1272-1287.

53



